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PREFACE. 


This  Work  is  designed  as  a  book  of  general  reference  for  Engineers: 
— to  give  within  a  moderate  compass  the  leading  rules  and  data, 
with  numerous  tables,  of  constant  use  in  calculations  and  estimates 
relating  to  Practical  Mechanics.  The  Author  has  endeavoured  to 
concentrate  the  results  of  the  latest  investigations  of  others  as  well 
as  his  own,  and  to  present  the  best  information,  with  perspicuity, 
conciseness,  and  scientific  accuracy. 

Amongst  the  new  and  original  features  of  this  Work,  the  follow- 
ing may  be  named : — 

In  the  section  on  Weights  and  Measures,  the  weight,  volume, 
and  relations  of  water  and  air  as  standards  of  measure,  are  concisely 
set  forth.  The  various  English  measures,  abstract  and  technical, 
are  given  in  full  detail,  with  tables  of  various  wire-gauges  in  use: 
and  equivalent  values  of  compound  units  of  weight,  power,  and 
measure — as,  for  example,  miles  per  hour  and  feet  per  second. 
The  French  Metric  Standards  are  defined,  according  to  the  latest 
determinations,  with  tables  of  metric  weights  and  measures,  equi- 
valents of  British  and  French  weights  and  measures,  and  a 
number  of  convenient  approximate  equivalents.  There  is,  in  addi- 
tion, a  full  table  of  equivalents  of  French  and  English  compound 
units  of  weight,  pressure,  time,  space,  and  money — as,  for  example, 
pounds  per  yard  and  kilogrammes  per  metre;  which  will  be  found 
of  great  utility  for  the  reciprocal  conversion  of  English  and  French 
units. 

The  tables  of  the  Weight  of  bars,  tubes,  pipes,  cylinders,  plates, 
sheets,  wires,  &c.,  of  iron  and  other  metals,  have  been  calculated 
expressly  for  this  Work,  and  they  contain  several  new  features 
designed  to  add  to  their  usefulness.  They  are  accompanied  by  a 
summary  of  the  various  units  of  weight  of  wrought  iron,  cast  iron, 
and  steel,  with  plain  rules  for  the  weight. 

In  the  section  on  Heat  and  its  Applications,  the  received  mechan- 
ical theory  is  defined  and  illustrated  by  examples.  The  relations 
of  the  pressure,  volume,  and  temperature  of  air  and  other  gases, 
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With  their  specific  heat,  are  investigated  in  detail.  The  transmission 
of  heat  through  plates  and  pipes,  between  water  and  water,  steam 
and  air,  &c.,  for  purposes  of  heating  or  cooling,  is  verified  by  many 
experimental  data,  which  are  reduced  to  units  of  performance. 

The  physical  properties  of  steam  are  deduced  from  the  results 
of  Regnault's  experiments,  with  the  aid  of  the  mechanical  theory 
of  heat  A  very  full  table  of  the  Properties  of  Saturated  Steam  is 
given.  The  table  is,  for  the  most  part,  reproduced  from  the  article 
"  Steam,"  contributed  by  the  Author  to  the  Encyclopedia  Britannica, 
8th  edition,  and  it  was  the  first  published  table  of  the  same  extent, 
in  the  English  language,  based  on  Regnault's  data.  An  original 
table  of  the  properties  of  saturated  mixtures  of  air  and  aqueous 
vapour  is  added. 

In  the  section  on  Combustion,  new  and  simple  formulas  and  data 
are  given  for  the  quantity  of  air  consumed  in  combustion,  and  of 
the  gaseous  products  of  combustion,  the  heat  evolved  by  combus- 
tion, the  heating  power  of  combustibles,  and  the  temperature  of 
combustion ;  with  several  tables. 

On  Coal  as  a  Fuel,  both  English  and  Foreign,  its  composition, 
with  the  results  of  many  series  of  experiments  on  its  combustion, 
are  collected  and  arranged.  Thequantity  of  air  consumed  in  its  com- 
bustion, and  of  the  gaseous  products,  with  the  total  heat  generated, 
are  calculated  in  detail.  Coke,  lignite,  asphalte,  wood,  charcoal, 
peat,  and  peat-charcoal,  are  similarly  treated ;  whilst  the  combus- 
tible properties  of  tan,  straw,  liquid-fuels,  and  coal-gas,  are  shortly 
treated. 

The  section  on  Strength  of  Materials  is  wholly  new.  The  great 
accumulation  of  experimental  data  has  been  explored,  and  the  most 
important  results  have  been  abstracted  and  tabulated.  The  results 
of  the  experiments  of  Mr.  David  Kirkaldy  occupy  the  greater  por- 
tion of  the  space,  since  he  has  contributed  more,  probably,  than  any 
other  experimentalist  to  our  knowledge  of  the  Strength  of  Materials. 
The  Author  has  investigated  afresh  the  theory  of  the  transverse 
strength  and  deflection  of  solid  beams,  and  has  deduced  a  new  and 
simple  series  of  formulas  from  these  investigations,  the  truth  of  which 
has  been  established  with  remarkable  force  by  the  evidence  of  experi- 
ment. These  investigations,  based  on  the  action  of  diagonal  stress, 
throw  light  upon  the  element  called  by  Mr.  W.  H.  Barlow,  "  the 
resistance  of  flexure:"  revealing,  in  a  simple  manner,  the  nature 
of  that  hitherto  occult  entity;  and  showing  that  flexure  is  not  the 
cause,  but  the  effect  of  the  resistance.     In  addition  to  formulas 
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for  beams  of  the  ordinary  form,  special  formulas  have  been 
deduced  for  the  transverse  strength  and  deflection  of  railway 
rails,  double-headed  or  flanged,  of  iron  or  steel;  in  the  estab- 
lishment of  which  he  has  availed  himself  of  the  important 
experimental  data  published  by  Mr.  R.  Price  Williams,  and  by 
Mr.  B.  Baker.  To  our  knowledge  of  the  strength  of  timber, 
Mr.  Thomas  Laslett  has  recently  made  important  additions,  and  the 
results  of  his  experiments  have  been  somewhat  fully  abstracted  and 
analyzed.  But  woods,  by  their  extremely  variable  nature,  are  not 
amenable,  like  wrought-iron  and  steel,  to  the  unconditional  applica- 
tion of  formulas  for  transverse  strength.  The  Author  has,  never- 
dieless,  deduced  from  the  evidence,  certain  formulas  for  the  trans- 
verse strength  and  deflection  of  woods,  with  tables  of  constants, 
which,  if  applied  with  intelligence  and  a  knowledge  of  the  uncer- 
tainties, caiinot  fail  to  prove  of  utility. 

The  Torsional  Strength  of  Solid  Bodies  has  also  been  investigated 
afresh,  and  reduced  to  new  formulas. 

In  dealing  with  the  Strength  of  Elementary  Constructions,  the 
Author  has  brought  together  many  important  experimental  results. 
In  treating  of  rivet-joints  and  their  employment  in  steam-boilers, 
he  has,  he  believes,  clearly  developed  the  elements  of  their  strength 
and  their  weakness.  By  a  close  comparison  of  the  results  of  tests  of 
cast-iron  flanged  beams,  it  is  plainly  shown  that  the  ultimate 
strength  of  a  cast-iron  beam  is  scarcely  affected  by  the  proportionate 
size  of  the  upper  flange,  and  that  the  lower  flange  and  the  web  are, 
practically,  the  only  elements  which  regulate  the  strength.  The 
tests  of  solid-rolled  and  rivetted  wrought-iron  joists  are  also  ana- 
lyzed ;  and  for  the  strength  and  deflection  of  these,  as  for  those  of 
cast-iron  flanged  beams,  new  and  simple  rules  and  formulas  are 
given.  A  new  investigation,  with  appropriate  formulas,  is  given 
for  the  bursting  strength  of  hollow  cylinders,  of  whatever  thickness. 
It  is  shown  that  the  variation  of  stress  throughout  the  thickness, 
follows  a  diminishing  hyperbolic  ratio  from  the  inner  surface  to- 
wards the  outer  surface.  The  resistance  of  tubes  and  cylindrical 
flues  to  collapsing  pressure  is  also  investigated,  and  formulas  based 
on  the  results  of  experience  are  given. 

On  the  subject  of  Mill-gearing,  a  new  and  compact  table  of  the 
pitch,  number  of  teeth,  and  diameter  of  toothed  wheels  is  given, 
with  new  formulas  and  tables  for  the  strength  and  horse-power  of 
the  teeth  of  wheels,  and  for  the  weight  of  toothed  wheels.  New 
formulas  and  tables  are  given   for  the  driving  power  of  leather 
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belts,  and  the  weight  of  cast-iron  pulleys.     For  the  strength 
Shafting, — cast-iron,  wrought-iron,  and  steel, — a  new  and  compl 
series  of  formulas  has  been  constructed,  comprising  its  resista: 
to  transverse  deflection  and  to  torsion,  with  very  full  tables  of 
weight,  strength,  power,  and  span  of  shafting. 

The  Evaporative  Performance  of  Steam-boilers  is  exhaustiv 
investigated  with  respect  to  the  proportions  of  fuel,  water,  gra 
area,  and  heating-surface,  and  the  relations  of  these  quantities  i 
reduced  to  simple  formulas  for  different  types  of  boilers.  1 
actual  evaporative  performances  of  boilers  are  abstracted  in  tabu 
form. 

The  Performance  of  Steam  worked  expansively,  in  single  and 
compound  cylinders,  is  exhaustively  analysed  by  the  aid  of  diagran 
the  similarity  and  the  dissimilarity  of  its  action  in  the  Woolf-engi 
and  the  Receiver-engine,  are  investigated;  and  the  principles 
calculation  to  be  applied  respectively  to  these,  the  leading  class 
of  compound  engines,  are  explained.  The  best  working  ratios 
expansion  are  deduced  from  the  results  of  numerous  experimer 
and  observations  on  the  performance  of  steam-engines. 

The  principles  of  Air-compressing  Machines,  and  Compressed-i 
Engines  are  investigated,  and  convenient  formulas  and  tables  i 
use  are  deduced. 

The  whole  of  the  materials  for  the  preparation  of  this  work  ha^ 

been  drawn  from  the  best  available  sources,  foreign  as  well  . 

English.     Vast  stores  of  the  results  of  experience  are  accumulat< 

in    the   Proceedings  of  tlie   Institution  of   Civil   Engineers^   tl 

Proceedings  of  the  Iftstitution  of  Mechanical  Engineers,  and  oth< 

journals.     From  these  and  other  sources,  the  Author  has  draiw 

much  of  his  material. 

D.   K.  CLARK. 

8  Buckingham  Street,  Adelphi, 

London,  20/A  March,  1877. 


NOTE   ON   THE  THIRD   EDITION. 

I  have  thoroughly  revised  this  book,  and  have  taken  advantag 
of  suggestions  made  by  many  who  have  been  using  it  I  hav 
thereby  been  enabled  to  introduce  a  number  of  important  corrections 
which  will  render  this  edition  even  more  valuable  than  the  last 

^  «„  D.  K.  CLARK. 

January,  1884. 
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ON  STRAIGHT  LINES.  3 

giTCD  point  c  6nxa  the  given  line  I  cD;  for  the  perpendicular  a  B  may  be 
AB,  describe  the  arc  d  from  b,  taken  '  drawn  to  it,  and  any  number  of  par- 
allels may  be  drawn  upon  the  per- 
pendicular. 

Problem  VII. — Todivideastratght 
line  inio  a  numier  of  equal  parts.  Fig. 
1 2. — To  divide  the  line  a  b  into,  say, 
five  parts.  From  a  and  b  draw  par- 
allels A  c,  B  D,  on  opposite  sides.  Set 
off  any  convenient  distance  four  times 


Fij.  %—fn<a.  VI. 

coDsiderably  distant  from  c.     Draw 
Cbe  parallel  through  c  to  touch  the 
area 
id  Mdhgd,  Fig.  ro. — From  a,  the 


Fig.  ».— Pnli.  VI.  id  nctbsd. 

liven  point,  describe  the  arc  fd,  cut- 
ting the  given  line  at  p;  from  F,  with 
the  same  radius,  describe  the  arc  E  a, 
and  set  off  f  d  equal  to  e  a.  Draw 
the  parallel  through  the  points  a,  d. 

Note,  Fig.  ri. — When  a  series  of 
parallels  are  required  perpendicular 
to  a  base  line  a  B,  they  may  be  drawn, 
as  in  Fig.  i,  through  points  in  the 
base  line,  set  off  at  the  required  dis- 
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lances  apart.  This  method  is  con- 
venient also  where  a  succession  of 
parallels  are  required  to  a  given  line,  j 


.^'X 


y^ 


(one  less  than  the  given  number) 
from  A  on  AC,  and  from  b  on  bd; 
join  the  first  on  a  c  to  the  fourth  on 
BD,  and  so  on.  The  lines  so  drawn 
divide  a  b  as  required. 

7d  Method,  Fig.  13. — Draw  the  line 
A  c  at  an  angle  from  a,  set  off,  say, 


five  equal  parts;  draw  b  5,  and  draw 
parallels  to  it  from  the  other  points 
of  division  in  A  c  These  parallels 
divide  a  b  as  required. 

Note. — By  a  similar  process  a  line 
may  be  divided  into  a  number  of 
unequal  parts;  setting  off  divisions 
on  A  c  proportional  by  a  scale  to  the 
required  divisions,  and  drawing  par- 
allels cutting  A  B. 

Problem  VUl. —  Upon  a  straight  • 
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line  to  draw  an  angie  equal  to  a  given 
angie.  Fig.  14. — Let  a  be  the  given 
ax^e,  and  fg  the  line.    With  any 


radius,  from  the  points  a  and  f,  de- 
scribe arcs  D  £,  I H,  cutting  the  sides 
of  the  angle  a,  and  the  line  f  g.    Set 


Fig.  14.— Prob.  VIII. 


off  the  arc  i  h  equal  to  d  e,  and  draw 
F  H.  The  angle  f  is  equal  to  a,  as 
required. 

To  draw  angles  of  60°  and  30®,  Fig. 
15. — From  F,  with  any  radius  f  i,  de- 
scribe an  arc  i  h  ;  and  from  i,  with 
the  same  radius,  cut  the  arc  at  h,  and 


--.H^- 
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Fig.  x5.~Prob.  VIII. 

draw  f  H  to  form  the  required  angle 
IFH.  Draw  the  perpendicular  hk 
to  the  base  line,  to  form  the  angle  of 
30**  F  H  K. 

To  draw  an  angle  of  45°,  Fig.  16. 
— Set  off  the  distance  f  i.  draw  the 


>F  I 

Fig.  i6.~Prob.  VIII. 

perpendicular  ih  equal  to  if,  and 
join  H  F,  to  form  the  angle  at  f  as  re- 
quired.    The  angle  at  h  is  also  45°. 

Problem  IX. — To  bisect  an  angle^ 
Fig.  17. — Let  A  c  B  be  the  angle;  on 
the  centre  c  cut  the  sides  at  a,  b.  On 
A  and  b,  as  centres,  describe  arcs 


cutting  at  d.    Draw  c  d,  dividing  the 
angle  into  two  equal  parts. 


Fig.  17. — Prob.  IX. 

Problem  X. — To  bisect  the  inciinor 
tion  of  two  lines y  of  which  the  intersec- 
tion is  inaccessiblcy  Fig.  18. — Upon  the 


Fig.  x8.-Prob.  X. 

given  lines  cb,  ch,  at  any  points, 
draw  perpendiculars  e  f,  o  h,  of  equal 
lengths,  and  through  f  and  g  draw 
parallels  to  the  respective  lines,  cut- 
ting at  s;  bisect  the  angle  fsg,  so 
formed,  by  the  line  s  d,  which  divides 
equally  the  inclination  of  the  given 
lines. 


ON  STRAIGHT  LINES  AND  CIRCLES. 


PROBLEMS  ON  STRAIGHT 
AND  CIRCLES. 


LINES 


Problem  XI. — Through  two  given 
points  to  describe  an  arc  of  a  circle  with 
a  given  radius,  Fig.  19. — On  the  points 


Problem  XIII. — To  describe  a  dr- 
cle  passing  through  three  given  points. 
Fig.  21. — Let  A,  B,  c  be  the  given 
points,  and  proceed  as  in  last  pro- 


Fig.  r9.--Pirob.  XL 

A  and  B  as  centres,  with  the  given 
radius,  describe  arcs  cutting  at  c;  and 
from  c,  with  the  same  radius,  describe 
an  arc  a  b  as  required. 

Problem  XII. — To  find  the  centre 
of  a  circle,  or  of  an  are  of  a  circle, 
I  St,  for  a  circle.  Fig.  20. — Draw  the 


Fig.  ax.— Prob.  XIL  XIII. 

blem  to  find  the  centre  o,  from  which 
the  circle  may  be  described. 

Note, — This  problem  is  variously 
useful: — in  striking  out  the  circular 
arches  of  bridges  upon  centerings, 
when  the  span  and  rise  are  given; 
describing  shallow  pans,  or  dished 


/ 
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chord  A  b,  bisect  it  by  the  perpendi- 
cular c  D,  bounded  both  ways  by  the 
circle ;  and  bisect  c  d  for  the  centre  g. 
2d^  for  a  circle  or  an  arc,  Fig.  21. 
—Select  three  points,  a,  b,  c,  in  the 
circumference,  well  apart;  with  the 
same  radius,  describe  arcs  from  these 
three  points,  cutting  each  other ;  and 
draw  the  two  lines,  d  e,  f  g,  through 
their  intersections,  according  to  Fig.  i. 
The  point  o^  where  they  cut,  is  the 
centre  of  the  circle  or  arc 


Fig.  aa. — Prob.  XIV.  ist  method. 

covers  of  vessels ;  or  finding  the  dia- 
meter of  a  fly-wheel  or  any  other 
object  of  large  diameter,  when  only 
a  part  of  the  circumference  is  ac- 
cessible. 

Problem  XIV. — To  describe  a  circle 
passing  through  three  given  points  wheti 
the  centre  is  not  available. 

ist  Method,  Fig.  22.  —  From  the 
extreme  points  a,  b,  as  centres,  de- 
scribe arcs  AH,  bg.  Through  the 
ihiid  point  c,  draw  a  e,  b  f,  cutting 
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the  arcs.  Divide  af  and  be  into 
any  number  of  equal  parts,  and  set 
ofif  a  series  of  equal  parts  of  the  same 
length  on  the  upper  portions  of  the 
arcs  beyond  the  points  e,  f.  Draw 
straight  lines,  b  l,  b  m,  &c,  to  the  divi- 
sions in  A  f;  and  a  i,  a  k,  &c.,  to  the 
divisions  in  eg;  the  successive  inter- 


sections N,  o,  &c.,  of  these  lines,  are 
points  in  the  circle  required,  between 
the  given  points  a  and  c,  which  may 
be  filled  in  accordingly:  similarly  the 
remaining  part  of  the  curve  b  c  may 
be  described. 

2d  Method^  Fig.  23. — Let  a,  d,  b  be 
the  given  points.    Draw  a  b,  a  d,  d  b, 


Fig.  33. — Prob.  XIV.  ad  method. 


and  ef  parallel  to  a  b.  Divide  d  a 
into  a  number  of  equal  parts  at  i,  2, 3, 
&c,  and  from  d  describe  arcs  through 
these  points  to  meet  ef.  Divide  the 
arc  A  ^  into  the  same  number  of  equal 
parts,  and  draw  straight  lines  from  d 
to  the  points  of  division.  The  inter- 
sections of  these  lines  successively 
with  the  arcs  i,  2,  3,  &c,  are  points 
in  the  circle  which  may  be  filled  in  as 
before. 

I^ote, — ^The  second  method  is  not 
perfectly  exact,  but  is  sufficiently  near 
to  exactness  for  arcs  less  than  one- 
fourth  of  a  circle.  When  the  middle 
point  is  equally  distant  from  the  ex- 
tremes, the  vertical  c  d  is  the  rise  of 
the  arc;  and  this  problem  is  service- 
able for  setting  circular  arcs  of  large 
radius,  as  for  bridges  of  very  great 


Fig.  24,— Prob.  XV. 

span,  when  the  centre  is  unavailable; 
and  for  the  oudines  of  bridge-beams. 


and  of  beams  and  connecting-rods  of 
steam-engines,  and  the  like. 

Problem  XV. — To  draw  a  tangent 
to  a  circle  from  a  given  point  in  the 
circumference^  Fig.  24. — ^Through  the 
given  point  a,  draw  the  radial  line 


Fig.  95.~Plrob.  XV.  ad  method. 

A  c,  and  the  perpendicular  f  g  is  the 
tangent 

2d  Methody  when  the  centre  is  not 
available.  Fig.  25. — From  A,  set  ofT 
equal  segments  a  b,  a  d  ;  join  b  d,  and 
draw  A  e  parallel  to  it  for  the  tangent 

Problem  XVI. — To  draw  tangents 
to  a  circle  from  a  point  without  it. 


Fig.  a6.— Prob.  XVI.  xst  method. 

ist  Method^  Fig.  26. — Draw  ac 
from  the  given  point  a  to  the  centre 


ON  STRAIGHT  LINES  AND  CIRCLES. 


c;  bisect  it  at  d,  and  from  the  centre 
D,  describe  an  arc  through  c,  cutting 
the  drde  at  £,  f.  Then  a  £,  a  f,  are 
tangents. 

id  Method^  Fig.  27. — From  a,  with 
the  radius  a  c,  describe  an  arc  b  c  d, 
and  from  c,  with  a  radius  equal  to  the 


^.  •• 


B 


V.l> 


Fig.  97.— Prob.  XVI.  ad  method. 

diameter  of  the  circle,  cut  the  arc  at 
B,  D ;  join  B  c,  c  D,  cutting  the  circle 
at  E,  F,  and  draw  a  e,  a  f,  the  tan- 
gents. 

Note. — ^When  a  tangent  is  already 
drawn,  the  exact  point  of  contact 
may  be  found  by  drawing  a  perpen- 
dicular to  it  from  the  centre. 

Problem  XVII. — Between  two  in- 
duud  lines  to  draw  a  series  of  circles 
tumching  these  lines  and  touching  each 
otheTy  Fig.  28. — Bisect  the  inclination 


Fig.  aS.— IVoK  XVII. 

of  the  given  Imes  a  b,  c  d  by  the  line 
Na    From  a  point  p  in  this  line, 


draw  the  perpendicular  ?  b  to  the  line 
A  B,  and  on  p  describe  the  circle  b  d 
touching  the  lines  and  cutting  the 
centre  line  at  e  From  e  draw  e  f 
perpendicular  to  the  centre  line,  cut- 
ting A  B  at  f,  and  from  f  describe  an 
arc  £  G,  cutting  a  b  at  g.  Draw  g  h 
parallel  to  b  p,  giving  h,  the  centre 
of  the  next  circle,  to  be  described 
with  the  radius  h  e,  and  so  on  for  the 
next  circle  i  n. 

Inversely,  the  largest  circle  may 
be  described  first,  and  the  smaller 
ones  in  succession. 

Note, — This  problem  is  of  frequent 
use  in  scroll  work. 

Problem  XVIII. — Between  two 
inclined  lines  to  draw  a  circular  seg- 
ment to  fill  the  angle,  and  touching  the 
lines,  Fig.  29. — Bisect  the  inclination 


Fig.  29.— Prob.  XVIII. 

of  the  lines  a  b,  d  e  by  the  line  f  c, 
and  draw  the  perpendicular  a  f  d  to 
define  the  limit  within  which  the  cir- 
cle is  to  be  drawn.  Bisect  the  angles 
A  and  D  by  lines  cutting  at  c,  and 
from  c,  with  radius  c  f,  draw  the  arc 
H  F  g  as  required. 

Problem  XIX. — To  describe  a  cir- 
cular arc  joining  two  circles,  and  to 
touch  one  of  them  at  a  given  point,  Fig. 
30. — ^To  join  the  circles  a  b,  f  g,  by 
an  arc  touching  one  of  them  at  f, 
draw  the  radius  e  f,  and  produce  it 
both  ways;  set  off  fh  equal  to  the 
radius  ac  of  the  other  circle,  join  CH 
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and  bisect  it  with  the  perpendicular 
L  I,  catting  E  F  at  I.    On  the  centre  i, 


uy 


Fig.  3a-Prob.  XIX 

with  radius  i  f,  describe  the  arc  ?  a  as 
required. 


PROBLEMS  ON  CIRCLES  AND 
RECTILINEAL  FIGURES. 

Problem  XX. — To  construct  a  tri- 
angle on  a  given  base,  the  sides  being 
given, 

I  St  An  equilateral  triangle,  Fig.  31. 


Fig.  sx.—PlPob.  XX. 

— On  the  ends  of  the  given  base,  a,  b, 
with  A  B  as  radius,  describe  arcs  cut- 
ting at  c,  and  draw  a  c,  c  a 

2d.  A  triangle  of  unequal  sides, 
Fig.  32. — On  either  end  of  the  base 
A  D,  with  the  side  b  as  radius,  describe 
an  arc ;  and  with  the  side  c  as  radius, 
on  the  other  end  of  the  base  as  a 
centre,  cut  the  arc  at  e.   Join  a  e,  d  e. 

Note, — This  construction  may  be 
used  for  finding  the  position  of  a 
point,  c  or  £,  at  given  distances  from 


the  ends  of  a  base,  not  necessarily  t9 
form  a  triangle. 


Fig.  3a. — Prob.  XX. 


Problem  XXI. — To  cmstruct  a 
square  or  a  rectangle  on  a  given  strcught 
line, 

I  St  A  square,  Fig.  33. — On  the 


F«.  33.— Prob.  XXI. 

ends  A,  b,  as  centres,  with  the  line  a  b 
as  radius,  describe  arcs  cutting  at  c; 
on  c,  describe  arcs  cutting  the  others 
at  D  E ;  and  on  d  and  e,  cut  these  at 
F  G.  Draw  A  F,  B  G,  and  join  the  in- 
tersections H,  I. 

2d.  A  rectangle,  Fig.  34.— On  the 
base  £  F,  draw  the  perpendiculars  e  h, 


H 


Fig.  34.— Prob.  XXI. 

F  G,  equal  to  the  height  of  the  rect- 
angle, and  join  G  h. 

When  the  centre  lines,  a  b,  c  d. 
Fig.  35,  of  a  square  or  a  rectan^e  are 
given,  cutting  at  e. — Set  off  ef,  eg, 
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the  half  lengths  of  the  figure,  and  e  h,  I  centre  k,  with  the  radius  k  a,  draw 
E  T,  the  half  heights.    C)n  the  centres    the  circle  a  b  c 
H,  T,  with  a  radius  of  half  the  length, 
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Fig.  35.-Prob.  XXI. 

describe  arcs;  and,  on  the  centres  f, 
G,  ^ith  a  radius  of  half  the  height,  cut 
diese  arcs  at  k,  l,  m,  n.  Join  these 
intersections. 

Problem  XXII. — To  construct  a 
paralUlogram^  of  which  the  sides  and 
one  of  the  angles  are  given,  Fig.  36. — 
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Fig.  36.— Prob.  XXII. 


Draw  the  side  d  e  equal  to  the  given 
length  A,  and  set  off  the  other  side 
D  F  equal  to  the  other  length  b,  form- 
ing the  given  angle  c  From  e,  with 
I)  F  as  radius,  describe  an  arc,  and 
from  F,  with  the  radius  d  e,  cut  the 
arc  at  G.     Draw  f g,  eg. 

Or,  the  remaining  sides  may  be 
drawn  as  parallels  to  d  e,  d  f. 

The  formation  of  the  angle  d  is 
readily  done  as  indicated,  by  taking 
the  straight  length  of  the  arc  h  i  and 
c  I  as  radius,  and  finding  the  inter- 
section L. 

Problem  XXIII. — To  describe  a 
drcUabotUa  triangle.  Fig.  37. — Bisect 
two  sides  a  b,  a  c  of  the  triangle  at 
E,  f,  and  from  these  points  draw  per- 
pendiculars cutting  at  K.     On  the 


Fig.  37.— Prob.  XXI II. 

• 

Problem  XXIV.  —  To  itiscribe  a 
circle  in  a  triangle,  Fig.  38. — Bisect 
two  of  the  angles  a,  c,  of  the  triangle 
by  lines  cutting  at  d;  from  d  draw  a 
perpendicular  d  e  to  any  side,  and 
with  D  E  as  radius  describe  a  circle. 

When  the  triangle  is  equilateral, 
the  centre  of  the  circle  may  be  found 
by  bisecting  two  of  the  sides,  and 


Fig.  38.— Prob.  XXIV. 

drawing  perpendiculars  as  in  the  pre- 
vious problem.  Or,  draw  a  perpen- 
dicular from  one  of  the  angles  to  the 
opposite  side,  and  from  the  side  set 
off  one-third  of  the  perpendicular. 


Fig.  39.— Prob.  XXV. 

Problem  XXV.  —  To  describe  a 
circle  about  a  square,  and  to  imcribe 
a  sgvare  in  a  circle^  Fig.  39. 


lO 
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I  St  To  describe  the  circle.  Draw 
the  diagonals  a  b,  c  d  of  the  square, 
cutting  at  e;  on  the  centre  e,  with  the 
radius  e  a,  describe  the  circle. 

2d.  To  inscribe  the  square. — Draw 
the  two  diameters  ab,  cd  at  right 
angles,  and  join  the  points  a,  b,  c,  d 
to  form  the  square. 

Note. — In  the  same  way  a  circle 
may  be  described  about  a  rectangle. 

Problem  XXVI.  —  To  inscribe  a 
circle  in  a  square^  and  to  describe  a 
square  about  a  circle^  Fig.  40. 

ist  To  inscribe  the  circle. — Draw 


Problem  XXVII. — To  inscrihe  § 
pentagon  in  a  circle^  Fig.  41. — Diwi 
two  diameters  a  c,  b  d  at  right  angles, 
cutting  at  o;  bisect  a  o  at  e,  and  ^m 
E,  with  radius  e  b,  cut  a  c  at  f;  from  B, 
with  radius  b  f,  cut  the  circumference 
at  G,  H,  and  with  the  same  radius  step 
round  the  circle  to  i  and  k;  join  the 
points  so  found  to  form  the  pentagon. 

Problem  XXVIII.— 72?  constntd 
a  hexagon  upon  a  given  straight  Une, 
Fig.  42. — From  a  and  b,  the  ends  d 
the  given  line,  describe  arcs  cutting 
at^;  fromj;  with  the  radius  j^  a,  de- 
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Fig.  4o.-Prob.  XXVL 

the  diagonals  a  b,  c  d  of  the  square, 
cutting  at  e  ;  draw  the  perpendicular 
e  F  to  one  side,  and  with  the  radius 
E  F  describe  the  circle. 

2d.  To  describe  the  square. — Draw 
two  diameters  a  b,  c  d  at  right  angles, 
and  produce  them ;  bisect  the  angle 
D  E  B  at  the  centre  by  the  diameter 
F  0,  and  through  f  and  c  draw  per- 


Fig.  4a.-Prob.  XXVIIL 

scribe  a  circle;  with  the  same  radius 
set  off  the  arcs  a  o,  g  f,  and  b  d,  d  e. 
Join  the  points  so  found  to  form  the 
hexagon. 

Problem  XXIX.  —  To  inscribe  a 
hexagon  in  a  circle^  Fig.  43. — Draw  a 
diameter  acb;  from  a  and  b  as  centres, 
with  the  radius  of  the  circle  a  c,  cut 
the  circumference  at  d,  e,  f,  g;  and 
draw  AD,  D  £,  &c  to  form  the  hexagon. 


Fig.  41.— Prob.  XXVIL 


Fig.  43.-Prob.  XXIX. 


pendiculars  a  c,  b  D,  and  join  the  The  points  d,  e,  &c.,  may  also  be 
points  A  D  and  b  c,  where  they  cut  the  found  by  stepping  the  radius  six 
diagonals,  to  complete  the  square.        times  round  the  circle. 


oi^  rmf?>35i  jftXD  i::Ecm.Tvr,ti.  fi0I3:£& 


II 


K^  ^ — uhdtsrrmPB 


£    2s  ladioE.  desert  arcs  caxus^ 


ST  JkZ  1^  snc  ^win:  the  ladus 
.  3)£  rmTTc  A.  cm  tiie  csrcunh 
r  jc  c  :  imL  AC  snd  iBsect  iz 

ix-Ttr'  r  v^  mTtmc  tiie 


rif  vr±  "die  TaniTTf  x  r  dsscxihe 

&  ik£XB£ron  ^  ^le  porecednig 
s:  ii  Tgiiifihrf  the  ^iveii  cgrlR 

OXM   \\\  i — 7>  decrSkr  m: 


ice  tbc  ^TPCD  line  ab  liodi 
od  <irzv  perpepdirmlaTC  a£, 
ect  dx  fr»mal  an^a  ^  and 
e  hncs  a'Slxc,  wbidb  make 
)  A  BL  Dazs- CD  and  BGpBF- 
i.E,  aadeqxxBltOAB;^Tim^ie 
G,  D,  Villi  like  Tarfaff  a £,  cait 
pendicnbas  at  il  f,  and  dnnr 
omplcte  liie  octBgcm. 

(LfM  xxxji, — 7h  tomeri  m 
nia  am  mO^gmu  1^46. — Dxair 
^ooals  of  1^  sgnaxc  mtrii^at 


sides  at  ^,iL^c^  and  301x1  die 
so  Jbnnd  id  iorxn  die  ocn^im. 

TacmkJEM  XXJlIU, — 7h 
OK  mOt^m  is  Ji  <drdc,  Tig,  47. 


nB--*?- 


HlWIH. 


tn^  cBaxnetezs  A  c  B  D  at  T^H  ai^s; 
^saea  liie  ans  Am,  b  c,  Jtec^  at  ajE 
Izc^  and  join  ac,  r£.  toutD  ^smdie 


ii  .firai^  1%.  4fi. — 
4 r 


Dmiiiiir  a  lujuiue  abcmt  die  giwa 

*4 


»    ..■'    •<'     •!     •<■■* 


12 


GEOMETRICAL  PROBLEMS 


&c.,  to  the  diagonals,  touching  the 
circle,  to  form  the  octagon. 

Or,  the  points  ^,  ^,  &c,  may  be 
found  by  cutting  the  sides  from  the 
comers  of  the  square,  as  in  the  second 
last  problem. 

Problem  XXXV. — To  describe  a 
polygon  of  any  number  of  sides  upon  a 
given  straight  line.  Fig.  49. — Produce 


Fig.  49.— Prob.  XXXV. 

the  given  line  a  b,  and  on  a,  with 
the  radius  a  b,  describe  a  semicircle, 
divide  the  semi-circumference  into  as 
many  equal  parts  as  there  are  to  be 
sides  in  the  polygon;  say,  in  this  ex- 
ample, five  sides.  Draw  lines  from 
A  through  the  divisional  points  d,  b, 
and  Cy  omitting  one  point  j;  and  on 
the  centres  b,  d,  with  the  radius  a  b, 
cut  A  ^  at  E  and  a  ^  at  f.  Draw 
D  E,  E  F,  F  B  to  complete  the  polygon. 

Problem  XXXVL — To  inscribe  a 
circle  within  a  polygon^  Figs.  50,  51. — 
When  the  polygon  has  an  even  num- 
ber of  sides.  Fig.  50,  bisect  two  op- 


Fig.  5a— Prob.  XXXVL  XXXVIL 

posite  sides  at  a  and  b,  draw  a  b,  and 
bisect  it  at  c  by  a  diagonal  d  e;  and 
with  the  radius  c  a  describe  the  circle. 


When  the  number  of  sides  is?  cddi 
Fig.  51,  bisect  two  of  the  sid«s  t^k 


Fig.  St.— Prob.  XXXVL  XXXVII. 

and  b,  and  draw  lines  a  e,  b  d  to  the 
opposite  angles,  intersecting  at  c; 
from  c,  with  the  radius  c  a,  descnbe 
the  circle. 

Problem  XXXWU,— To  descnbe  € 
circle  without  apolygon^  Figs.  50, 5 1. — 
Find  the  centre  c  as  before,  and  witS 
the  radius  c  d  describe  the  circle. 

The  foregoing  selection  of  prob- 
lems on  regular  figures  are  the  mosl^ 
useful  in  mechanical  practice  on  that 
subject  Several  other  regular  figures 
may  be  constructed  from  them  by 
bisection  of  the  arcs  of  the  circum- 
scribing circles.  In  this  way  a  de- 
cagon, or  ten-sided  polygon,  may  be 
formed  from  the  pentagon,  as  shown 
by  the  bisection  of  the  arc  b  h  at  ^ 
in  Fig.  41.  Inversely,  an  equilateral 
triangle  may  be  inscribed  by  joining 
the  alternate  points  of  division  found 
for  a  hexagon. 

Problem  XXXVIII. — To  inscribe 
a  polygon  of  any  number  of  sides 
within  a  circle^  Fig.  52. — Draw  the 
diameter  a  b,  and  through  the  centre 
E  draw  the  perpendicular  e  c,  cutting 
the  circle  at  f.  Divide  e  f  into  four 
equal  parts,  and  set  off  three  parts 
equal  to  those  from  f  to  c  Divide 
the  diameter  a  b  into  as  many  equal 
parts  as  the  polygon  is  to  have  sides; 
and  from  c  draw  c  d  through  the 
second  point  of  division,  cutting  the 
circle  at  d.    Then  a  d  is  equal  to  one 
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side  of  the  polygon,  and  by  stepping 
Toimd    the  circumference  with  the 


Fig.  52.— Prob.  XXXVIII. 

length  A  D,  the  polygon  may  be  com- 
pleted. 

The  constructions  for  inscribing 
regular  polygons  in  circles  are  suit- 
iblc  also  for  dividing  the  circumfer- 
ence of  a  circle  into  a  number  of 
equal  parts.  To  supply  a  means  of 
dividing  the  circumference  into  any 
iramber  of  parts,  including  cases  not 
provided  for  in  the  foregoing  prob- 
lems, the  annexed  table  of  angles 
relating  to  polygons,  expressed  in 
d^rees,  will  be  found  of  general 
utility.     In  this  table  the  angle  at 

Table  of  Polygonal  Angles. 


1   Number 

Angle       ' 

Number 

Angle 

of  Sides. 

at  Centre. 

of  Sides. 
No. 

at  Centre. 

No. 

Degrees. 

Degrees. 

3 

120 

12 

30 

4 

90 

13 

27t\ 

5 

72 

14 

25f 

6 

60 

15 

24 

7 

5'f     ' 

16 

22^ 

8 

1 

45 

17 

21^ 

9 

40 

18 

20 

10 

36 

19 

19 

II 

32t\    I 

20 

18 

number  of  sides,  the  radii  so  drawn 
will  divide  the  circumference  into  the 
same  number  of  parts.  The  triangles 
thus  formed  are  termed  die  elemen- 
tary triangles  of  the  polygon. 

Problem  XXXIX. — 72?  inscride 
any  regular  polygon  in  a  given  circle; 
or  to  divide  the  circumference  into  a 
given  number  of  equal  parts ,  by  means 
of  the  angle  at  the  centre.  Fig.  53. — 


the  centre  is  found  by  dividing  360°, 
die  number  of  degrees  in  a  circle,  by 
the  number  of  sides  in  the  polygon; 
and  by  setting  off  round  the  centre 
of  the  circle  a  succession  of  angles 
by  means  of  the  protractor,  equal  to 
the  angle  in  the  table  due  to  a  given 


Fig.  53. — Prob.  XXXIX. 

Suppose  the  circle  is  to  contain  a 
hexagon,  or  is  to  be  divided  at  the 
circumference  into  six  equal  parts. 
Find  the  angle  at  the  centre  for  a 
hexagon,  or  60®;  draw  any  radius  b  c, 
and  set  off,  by  a  protractor  or  other- 
wise, the  angle  at  the  centre  cbd 
equal  to  60°;  then  the  interval  cd  is 
one  side  of  the  figure,  or  segment  of 
the  circumference;  and  the  remaining 
points  of  division  maybe  found  either 
by  stepping  along  the  circumference 
with  the  distance  c  d  in  the  dividers, 
or  by  setting  off  the  remaining  five 
angles,  of  60^  each,  round  die  centre. 


PROBLEMS  ON  THE  ELLIPSE. 

An  ellipse  is  an  oval  figure,  like  a 
circle  in  perspective.  The  line  a  b. 
Fig.  54,  that  divides  it  equally  in  the 
direction  of  its  greatest  dimension, 
is  the  transverse  axis;  and  the  per- 
pendicular c  D,  through  the  centre, 
is  the  conjugate  axis.  Two  points, 
¥,  G,  in  the  transverse  axis,  are  th** 


14 


GEOMETRICAL  PROBLEMS 


foci  of  the  curve,  each  being  called  a 
focus;  being  so  placed  that  the  sum 
of  their  distances  from  either  end  of 
the  conjugate  axis,  c  or  d,  is  equal 


F'g'  54* — Prob.  XL. 

to  the  transverse  axis.  In  general,  the 
sum  of  their  distances  from  any  other 
point  in  the  curve  is  equal  to  the 
transverse  axis.  A  line  drawn  at 
right  angles  to  either  axis,  and  termi- 
nated by  the  curve,  is  a  double  ordi- 
nate^ and  each  half  of  it  is  an  ordinate. 
The  segments  of  an  axis  between  an 
ordinate  and  its  vertices  are  called 
abscisses.  The  double  ordinate  drawn 
through  a  focus  is  called  the  para- 
meter of  the  axis. 

The  squares  of  any  two  ordinates 
to  the  transverse  axis,  are  to  each 
other  as  the  rectangles  of  their  respec- 
tive abscisses. 

Problem  XL. — To  describe  an  el- 
lipse when  the  length  and  breadth  are 
^ven.  Fig.  54. — On  the  centre  c,  with 
A  E  as  radius,  cut  the  axis  a  b  at  f 
and  G,  the  foci ;  fix  a  couple  of  pins 
into  the  axis  at  f  and  g,  and  loop  on 
a  thread  or  cord  upon  them  equal  in 
length  to  the  axis  a  b,  so  as  when 
stretched  to  reach  to  the  extremity  c 
of  the  conjugate  axis,  as  shown  in  dot- 
lining.  Place  a  pencil  or  drawpoint 
inside  the  cord,  as  at  h,  and  guiding 
the  pencil  in  this  way,  keeping  the 
cord  equally  in  tension,  carry  the 
pencil  round  the  pins  f,  g,  and  so 
describe  the  ellipse. 

Note. — This  method  is  employed 


in  setting  off  elliptical  garden- 
walks,  &c. 

2d  Method,  Fig.  55. — Alon 
straight  edge  of  a  slip  of  stiff  ] 
mark  off  a  distance  a  c  equal  t 


F>S*  55* — Prolx  XL.  sd  method. 

half  the  transverse  axis;  and 
the  same  point  a  distance  a  b 
to  c  D,  half  the  conjugate  axis, 
the  slip  so  as  to  bring  the  poin 
the  line  a  b  of  the  transverse  axi 
the  points  on  the  line  de;  ai 
off  on  the  drawing  the  position 
point  a.     Shifting  the  slip,  S( 
the  point  b  travels  on  the  tran 
axis,  and  the  point  c  on  the  con 
axis,  any  number  of  points  i 
curve  may  be  found,  through 
the  curve  may  be  traced. 

3//  Method,  Fig.  56. — ^The 
of  the  preceding  method  may  I 


Fig.  56.— Prob.  XL.  3d  method. 

bodied  so  as  to  afford  the  me 
describing  a  large  curve  contini 
by  means  of  a  bar  mk,  with 
points  m,  /,  k,  rivetted  into  brass 
adjusted  to  the  length  of  the 
axes,  and  fixed  with  setscrews. 
tangular  cross  e  g,  with  guiding 
is  placed  coinciding  with  th 
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r  Ae  ellipse,  a  C  and  b  h  ;  by 
cbe  points  i,  /,  in  the  slots,  and 
g  round  the  point  m,  the  curve 
e  conOnuously  described.  A 
pencil  may  be  fixed  at  m. 
Mtiiwd,  Fig.  57.— Bisect  the 
ise  axis  at  c,  and  through  c 


Tj.  J7.— PW*.  XL.  4th  mMhod 

ie  perpendicular  D  E,  making 
1  CE  each  equal  to  half  the 
Ltc  axis.  From  D  or  E,  with 
ius  A  c,  cut  the  transverse  axis 
for  the  focL  Divide  a  c  into 
er  of  paits  at  the  points  i,  2, 
With  the  radius  a  i,  on  f  and 
ntres,  describe  arcs ;  and  with 
ius  B  T,  on  the  same  centres, 
ic  arcs  as  shown.  Repeat  the 
m  for  the  other  divisions  of 
osverse  axis.  The  series  of 
:tions  thus  made  are  points  in 
■ve,  through  which  the  curve 

Method,  Fig.  58.— On  the  two 


Fif.  5I— Pnb.  XI.  51h  method. 

B,  I)  E  as  diametcis,  on  centre 
cribe  circles;   from  3  number^ 


of  points,  a,  b,  &c.,  in  the  circumfer- 
ence A  F  B,  draw  radii  cutting  the  in- 
ner circle  at  a*,  b',  &c.  From  a,  b, 
&c,  draw  perpendiculars  to  a  b;  and 
from  a',  b",  &c.,  draw  parallels  to  a  b, 
cutting  the  respective  perpendiculars 
at  n,  0,  &c.  The  intersections  are 
points  in  the  curve,  through  which 
'  e  curve  may  be  traced. 

Uh  Method,  Fig.  59.— When  the 
transverse  and  conjugate  diameters 


Fij.  S9-— Proh,  XL.  6th  method. 

are  given,  a  b,  c  D,  draw  the  tangent 
E  F  parallel  to  a  b.  Produce  c  D, 
and  on  the  centre  g,  with  the  radius 
of  half  AB,  describe  a  semicircle  hdk; 
from  the  centre  C  draw  any  number 
of  straight  lines  to  the  points  e,  r, 
&c,  in  the  line  e  f,  cutting  the  cir- 
cumference at  I,  i",n,  &c.;  from  the 
centre  o  of  the  ellipse  draw  straight 
lines  to  the  points  e,  r,  &c.,  and 
from  the  points  /,  m,  n,  &c.,  draw 
parallels  to  GC,  cutting  the  lines  OE, 
or,  &c.,  at  L,  M,  N,  &c  These  are 
points  in  the  circumference  of  the 
ellipse,  and  the  curve  may  be  traced 
through  them.  Points  in  the  other 
half  of  the  ellipse  are  formed  by  ex- 
tending the  intersecting  lines  as  indi- 
cated in  the  figure. 

Problem  XLI.  —  To  describe  an 
ellipse  approximately  by  means  of  cir- 
cular arcs. — First,  with  arcs  of  two 
radii.  Fig.  60.— Find  the  difference 
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of  the  two  axes,  and  set  it  off  from  the 
<:entre  o  to  a  and  r,  on  oa  and  oc; 


Fig.  60.— Prob.  XLI. 

draw  a  c,  and  set  off  half  ac  to  d; 
draw  di  parallel  to  ac,  set  off  o^ 
equal  to  o^,  join  ei,  and  draw  the 
parallels  e  m,  d  m.  From  »i,  with 
radius  m  c,  describe  an  arc  through 
c;  and  from  /  describe  an  arc  through 
D ;  from  if  and  e  describe  arcs  through 
A  and  B.  The  four  arcs  form  the 
ellipse  approximately. 

JVofe. — ^This  method  does  not  ap- 
ply satisfactorily  when  the  conjugate 
axis  is  less  than  two-thirds  of  the 
transverse  axis. 


o  M  equal  to  c  l,  and  on  d  desolM^ 
an  arc  with  radius  dm;  on  a,  will; 
radius  o  l,  cut  this  arc  at  a.  Tkm 
the  five  centres  d,  a^  b^  h,  h^  are  kmt^  ■ 
from  which  the  arcs  are  described  li;. 
form  the  ellipse. 

JVbf^, — ITiis  process  works  well  Ar 
nearly  all  proportions  of  ellipses.    Itf^ 
is  employed  in  striking  out  vaults  and 
stone  bridges. 

Problem  XLII. — To  draw  a  tarn- 


*      *»»'  '      --4—-.      •^' 


Fig.  6z. — Prob.  XLI.  3d  method. 

Second,  with  arcs  of  three  radii, 
Fig.  61. — On  the  transverse  axis  ab 
draw  the  rectangle  b  g,  on  the  height 
o  c ;  to  the  diagonal  a  c  draw  the  per- 
pendicular G  H  D ;  set  off  OK  equal 
to  o  c,  and  describe  a  semicircle  on 
AK,  and  produce  oc  to  l;  set  (^ 


Fig.  6a.— Prob.  XLIL 

genf  to  an  ellipse  through  a  given  fcM 
in  the  curve.  Fig.  62. — From  the  given 
point  T  draw  straight  lines  to  the 
foci  F,  f';  produce  f  t  beyond  the 
curve  to  r,  and  bisect  the  exterior 
angle  ^  t  f,  by  the  line  t  d,  whidh 
is  the  tangent. 

Problem  XLIII.  —  To  draw  a 
tangent  to  an  ellipse  from  a  given 
point  without  the  curve.  Fig.  63. — 
From  the  given  point  T,  with  a 
radius  to  the  nearest  focus  F,  de- 
scribe an  arc  on  the  other  focus 
f',  with  a  radius  equal  to  the  trans- 
verse axis,  cut  the  arc  at  R  l,  and 
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Fig.  63.— Prob.  XLIIL 

draw  K  f',  l  f',  cutting  the  curve  at 
M,  N.   The  lines  t  m,  t  n  are  tangents. 


ON   THE   PARABOLA. 
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PROBLEMS  OX   THE    PARABOLA. 


number  of  points,  o,  0,  &c,  in  the 
axis,  draw  double  ordinates,  h  0  n, 
A  puabola,  dac.  Fig.  64,  is  a  &c;  and  on  the  centre  7,  with  the 
cim  such  that  every  point  in  ttie  radii  fe,c^,&c.,  cut  the  respective 
cimc  is  equally  distant  from  the  /fi-  ordinates  at  k,  g,  a,  h,  &c  The  curve 
ridrix  t  L  and  the  focus  f.  The  may  be  traced  through  these  points 
lociu  lies  in  the  ojcis  a  b  drawn  from    as  shown. 

the  ttrUx  or  head  of  the  curve  a,  so  2d  Method;  by  means  of  a  squcat 
as  to  divide  the  figure  into  two  equal  and  a  cord.  Fig.  65. — Place  a  sttaight- 
pirt.<;.  The  vertex  a  is  equidistant 
from  the  directrix  and  the  focus,  or 
ki=k  p.  Any  line  parallel  to  the 
aiis  is  a  diameter.  A  straight  line, 
as  EC  or  DC,  drawn  across  the  figure 
u  right  angles  to  the  axis  is  a  double 
ocdinatc,  and  cither  half  of  it  is  an 
oidinate.  The  ordinate  to  the  axis 
£  r  c,  drawn  through  the  focus,  is 
oDed  the  paramder  of  the  axis,  A 
Kgmcnt  of  the  axis,  reckoned  from  the 
icTtex,  is  an  aisdsi  of  the  axis;  and 
it  is  an  absciss  of  the  ordinate  drawn 
from  the  base  of  the  absciss.  Thus, 
1 B  is  an  absciss  of  the  ordinate  b  c 
Abscisses  of  a  parabola  are  as  the 
iquares  of  their  ordinates. 

Problem    XLIV.  — 7^  dacribe  a 
f^vboia  vthea  an  absciss  and  its  ordi- 


rig.  «i.-Pnb.  XLIV. 


edge  to  the  directrix  e  n,  and  apply 
to  it  a  square  leg.  Fasten  to  the 
-«  or,  ^,"lhr'irtr^y,Thm  ^"^  C,  one  end  of  a  dircad  or  cord 
the  bright  and  breadth  are  given,  equal  in  length  to  the  edge  E  g,  and 
Rg.  64!— Bisect  the  given  oidinat^  attach  Ae  other  end  to  the  focus  f; 
°  slide  the  square  along  the  straight- 

edge, holding  the  cord  taut  against 
the  edge  of  the  square  by  a  draw- 
point  or  pencil  d,  by  which  the  curve 
is  described. 

l4  Mahod;  when  the  height  and  the 
base  are  given.  Fig.  66. — Let  a  B  be 
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Bcal  a;  draw  Ad,  and  then  a 3  per- 
pendicular to  it,  meeting  the  axis  at 
k  Set  off  A  r,  A  F,  each  equal  to  ib; 
and  draw  k  f  L  perpendicular  to  the 
axis.  Then  K  L  is  the  directrix  and  the  given  axis,  and  c  d  a  double  ordi- 
»  is  the  focus.     Through  f  and  any    nate  or  base;  to  describe  a  parabola 


Fig.  U-Prob.  XLIV.  jd  nu 
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of  which  the  vertex  is  at  a.  Through 
A  draw  E  F  parallel  to  c  d,  and 
through  c  and  d  draw  c  e  and  d  k 
parallel  to  the  axis,  Divide  b  c  and 
B  D  into  any  number  of  equal  parts, 
say  five,  at  a,  b,  &c.,  and  divide 
c  E  and  D  F  into  the  same  number  of 
parts.  Through  the  points  a,  b,  c,  d 
in  the  base  cd,  on  each  side  of  the 
3xis,drawperpendiculars,and  through 
a,  b,  c,  (/,  in  c  E  and  d  f,  draw  lines  to 
the  vertex  a,  cutting  the  perpendicu- 
lars at  e,f,g,  h.  These  are  points  in 
the  parabola,  and  the  curve  cad  may 
be  traced  as  shown,  passing  through 
them. 

PROBLEMS  ON  THE  HYPERBOLA. 

The  verfica  A,  B,  Fig.  67,  of  oppo- 
site hyperbolas,  are  the  heads  of  the 
curves,  and  are  points  in  their  centre 
or  axial  lines.  The  transverse  axis 
A  B  is  the  distance  between  the  ver- 
tices, of  which  the  centre  c  is  the 
centre.  The  conjugate  axis  G  H  is  a 
straight  line  drawn  through  the  centre 
at  right  angles  to  the  transverse  axis. 
An  ordinate  f  k  is  a  straight  line 
drawn  from  any  point  of  the  cun'e 
perpendicular  to  the  axis.  The  seg- 
ments of  the  transverse  axis  a  f,  b  f, 
between  an  ordinate  F  k  and  the  ver- 
tices of  the  curves,  are  abscisses. 
Th.e  parameter  is  the  double  ordinate 
drawn  through  the  locus.  The 
asymptotes  are  two  straight  lines,  s  S, 
R  R,  drawn  from  the  centre  through 
the  ends  of  a  tangent  ed  at  the  vertex, 
equal  and  parallel  to  the  conjugate 
axis,  and  bisected  by  the  transverse 

The  nature  of  the  hyperbola  is  such 
that  the  diSerence  of  the  distances 
of  any  point  in  the  curve  from  the 
foci  is  always  the  same,  and  is  equal 
to  the  transverse  axis. 

In  a  hyperbola  the  squares  of  any 
two  ordinates  to  the  transverse  axes 
are  to  each  other  as  the  rectangles  of 
their  abscisses. 


Problem  XLV.  — Ti*  descrik  « 
hyperbola,  the  transverse  and  conjagitr 
axes  being  given,  Fig.  67. — Draw  ai 


Tif.  £7.— ProbL  XLT. 


equal  to  the  transverse  axis,  and  D  x 
perpendicular  to  it  and  equal  to  the 
conjugate  O  M.  On  C,  with  the  radios 
c  E,  describe  a  circle  cutting  a  b  pro- 
duced, at  f/;  these  points  are  the  foci 
In  A  B  produced  take  any  number  of 
points  0, 0,  &c.,  with  the  radii  ko,  Btf, 
and  on  centres  F,/dcscribe  aics  cat- 
ting each  other  at  n,  n,  &c  These 
are  points  in  the  curve,  through  whidi 
it  may  be  traced. 

id  Method,  Fig.  67. — The  curve 
may  be  drawn  thus:— Let  the  ends 
of  two  threads/p  Q,  f  p  q,  be  fastened 
at  the  points  f,  f,  and  be  made  to 
pass  through  a  small  bead  or  pin  p, 
and  knotted  together  at  q.  Take 
hold  of  Q,  and  draw  the  threads  tight; 
move  the  bead  along  the  threads,  and 
the  point  p  will  describe  the  curve. 
If  the  end  of  the  long  thread  be  fixed 
at  F,  and  the  short  thread  at  /  the 
opposite  curve  may  be  described  in 
the  same  manner. 

Or,  the  line  /q  may  be  replaced 
by  a  straight-edge  turning  on  a  pin 
Vif,  and  the  cord  f  q  joined  to  it  at  Q. 
The  curve  may  then  be  described  by 
means  of  a  point  or  pencil  in  the  same 
manner  as  for  the  parabola.  Fig.  65. 

31/  Method;  when  the  breadth  c  p. 
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id^  k^and  transverse  axis  aa'^ 
tie  ant  are  jRwt,  fig.  68. — Divide 


P«.  «I.-Pn)li.  XLV.  3d  Butbod. 


tbe  base  or  double  ordinate  c  d  into 
■  iiitiDl>er  oi  equal  parts  on  each  side 
of  the  axis  at  o,  6,  &c;  and  divide 
die  parallels  c  e,  d  F,  into  the  same 
Dninber  of  equal  parts  at  a,  b,  &c. 
From  the  points  a,  b,  &c,  in  the  base, 
draw  lines  to  a',  and  from  the  points 
a,  b,  Ike,  in  the  verticals,  draw  lines 
to  A,  cutting  the  respective  lines  from 
the  base.  Trace  the  curve  through 
die  intersections  thus  obtained. 


THE  CYCLOID  AND  EPICYCLOID. 

Problem    XLVI. — To  describe  a 

ejdmd.  Fig.  69. — When  a  wheel  or  a 

circle  d  g  c  rolls  along  a  straight  line 


Pig.  fi».-Pn>h.  XLVI. 


A  B,  ¥i^  69,  banning  at  A  and  end- 
ing at  B,  where  it  has  just  completed 


one  revolution,  it  measures  off  a 
straight  line  a  b  exactly  equal  to  ihe 
circumference  of  the  circle  d  g  c, 
which  is  called  the  generating  circle, 
and  a  point  or  pencil  fixed  at  the 
point  D  in  the  circumference  traces 
out  a  curvilinear  path  a  d  b,  called  a 
cycloid.  A  B  is  the  base  and  c  D  is  the 
axis  of  the  cycloid. 

Place  the  generating  circle  in  the 
middle  of  the  cycloid,  as  in  the  figure, 
draw  a  line  e  h  parallel  to  the  base, 
cutting  the  circle  at  c ;  and  the  tan- 
gent HI  to  the  curve  at  the  point  h. 
Then  the  following  are  some  of  the 
properties  of  the  cycloid : — 

The  horizontal  line  HC  =  arc  of  the 
circle  G  D. 

The  half-base  AC -the  half<ircum- 
ference  c  g  D, 

The  arc  of  the  cycloid  d  h  =  twice 
the  chord  d  g. 

The  half-arc  of  the  cycloid  D  a  = 
twice  the  diameter  of  the  circle  D  c 

Or,  the  whole  arc  of  the  cycloid 
ADB=four  times  the  axis  cd. 

I'he  area  of  the  cycloid  a  u  b  a  = 
three  times  the  area  of  the  generating 
circle  dc 

The  tangent  h  i  is  parallel  to  the 
chord  c  D. 

Problem  XLVII.— ro  describe  an 


Fif.  ja-Prob.  XLVIL 

exterior  ^cycloid.  Fig.  70. — The  epicy- 
tioid  differs  from  the  cycloid  in  this, 
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that  it  is  generated  by  a  point  D.in 
one  circle  Dc  rolling  upon  the  cir- 
cumference of  another  circle  a  c  B, 
instead  of  on  a  flat  surface  or  line; 
the  former  being  i]\t  generating  circle, 
and  the  latter  the  /uniiamenia/  circle. 
The  generating  circle  is  shown  in  four 
positions,  in  which  the  generating 
point  is  successively  marked  d,  d',  d', 
d"'.  a  d'"  b  is  the  epicycloid. 
Problem   XLVIII.— 7i>  describe 


XLVIll. 


an  interior  epicycloid.  Fig,  71. — If  the 
generating  circle  be  rolled  on  the  in- 
side of  the  fundamental  circle,  as  in 
Fig.  7 1,  it  forms  an  interior  eptcycloid, 
or  hypocyctoid,  a  d'"  b,  which  becomes 
in  this  case  nearly  a  straight  line.  The 
other  points  of  reference  in  the  figure 
correspond  to  those  in  Fig.  70. 
When  the  diameter  of  the  generating 
circle  is  equal  to  half  that  of  the  fun- 
damental circle,  the  epicycloid  be- 
comes a  straight  line,  being  in  fact  a 
diameter  of  the  larger  circle. 


THE  CATENARY. 

When  a  perfectly  flexible  string,  or 
a  chain  consisting  of  short  links,  is 
suspended  from  two  points  m,  n,  Fig. 
72,  it  is  stretched  by  its  own  weight, 
and  it  forms  a  curve  line  known  as 
the  catenary,  m  c  n.  The  point  c, 
where  the  catenary  is  horizontal,  is 
the  vertex. 

Problem    XLIX. — To  describe  a 


catenary.  Fig.  72.— Draw  the  veiticd 
c  G  equal  to  the  length  of  the  arc  of  dK 
chain,  M  c,  on  one  side  of  the  veitei, 
and  divide  it  into  a  great  number  of 
equalparts,at(i},(2),(3},&c  DrawAe 
horizontal  line  C  H  equal  to  the  IcngA 
of  so  much  of  the  rope  or  chain  a 
measures  by  its  weight  the  horizontal 
tension  of  the  chain.  From  the  point 
c  as  the  vertex,  set  ofl'  C  (i)  on  the 
horizontal  line  equal  to  C  i  on  the 
vertical;  and  {1)  (2)  from  the  point 
(i),  parallel  to  h  i  and  equal  toe (i); 
and  again  (2)  {3)  from  the  point  {2) 
parallel  to  h  2  and  equal  to  c  (1); 
and  so  on  till  the  last  segment  (6)  u 
is  drawn  parallel  to  h  g.  The  poly- 
gon c  {1)  (z)  {3) .  . .  M,  thus  formed, 
is  approximately  the  catenary  curve, 
which  may  be  traced  through  the 
middle  points  of  the  sides  of  die 
polygon.  A  similar  process  being 
performed  for  the  other  side  of  tiw 
curve,  the  catenary  is  completed. 


Fie.  Ji.— Proh.  XLIX. 

■id  Method.  —  Suspend  a  finely 
linked  chain  against  a  vertical  wall 
The  curve  may  be  traced  from  it,  on 
the  wall,  answering  the  conditions  of 
given  length  and  height,  or  of  given 
width  or  length  of  arc.  A  cord  having 
numerous  equal  weights  suspended 
from  it  at  short  and  equal  disr 
may  be  used. 
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CIRCLES. 

The  drcmnference  of  a  circle  is  commonly  signified  in  mathematical 
discassions  by  the  symbol  ir,  which  indicates  the  length  of  the  circumfer- 
ence when  the  diameter  =  i. 

The  area  of  a  circle  is  as  the  square  of  the  diameter,  or  the  square  of  the 
cnconiference. 

The  ratio  of  the  diameter  to  the  circumference  is      as  i  to  3*1 4 1593 — 

commonly  abbreviated, as  i  to  3*1416 

approximately, as  i  to  3! 

or  as  7  to  22 

When  the  diameter  =  i,  the  area  is  equal  to 785398  + 

or,  commonly  abbreviated, 7854 

approximately, ^ths. 

UTicn  the  circumference  =  i,  the  area  is  equal  to 'o795 7 7  + 

or,  abbreviated, '0796 

approximately, uVhs,  or  -08. 

In  these  ratios,  the  diameter  and  the  circumference  are  taken  lineally, 
and  the  area  superficially.  So  that  if  the  diameter  =  i  foot,  the  circum- 
ference is  equal  to  3*1416  feet,  and  the  area  is  equal  to  7854  square  foot. 

Nate — If  the  first  three  odd  figures,  i,  3,  5,  be  each  put  down  twice,  the 
first  three  of  these  will  be  to  the  last  three,  that  is  113  is  to  355,  as  the 
diameter  to  the  circumference. 

PLANE  TRIGONOMETRY. 

The  circumference  of  a  circle  is  supposed  to  be  divided  into  360  degrees 
or  divisions,  and  as  the  total  angularity  about  the  centre  is  equal  to  four  right 
angles,  each  right  angle  contains  90  degrees,  or  90°,  and  half  a  right  angle 


racbXLS 


<- TaSbius 

Fig.  73. — Definitions  in  Plane  Trigonometry. 

contains  45**.  Each  degree  is  divided  into  60  minutes,  or  60';  and,  for  the 
sake  of  still  fiirther  minuteness  of  measurement,  each  minute  is  divided  into 
60  seconds,  or  60^.     In  a  whole  circle  there  are,  therefore,  360  x  60  x  60--- 
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1,296,000  seconds.  The  annexed  diagram,  Fig.  73,  exemplifies  the  relar 
tive  positions  of  the  sine,  cosine,  versed  sine,  tangent,  co-tangent,  secant, 
and  co-secant  of  an  angle.  It  may  be  stated,  generally,  that  the  correlated 
quantities,  namely,  the  cosine,  co-tangent,  and  co-secant  of  an  angle,  are 
the  sine,  tangent,  and  secant,  respectively,  of  the  complement  of  the  given 
angle,  the  complement  being  the  difference  between  the  given  angle  and  a 
right  angle.  The  supplement  of  an  angle  is  the  amount  by  which  it  it 
less  than  two  right  angles. 

When  the  sines  and  cosines  of  angles  have  been  calculated  (by  means  of  | 
formulas  which  it  is  not  necessary  here  to  particularize),  the  tangents,  co-tan-  i| 
gents,  secants,  and  co-secants  are  deduced  from  them  according  to  die  \ 
following  relations: —  , 

rad.  X  sin.  rad.^  rad'  rad.' 

tan.  « ;  cotan.  = ;        sec  = ;  cosec  = • 

COS.  tan.  cos.  sin. 

For  these  the  values  will  be  amplified  in  tabular  form. 

A  triangle  consists  of  three  sides  and  three  angles.  When  any  three 
of  these  are  given,  including  a  side,  the  other  three  may  be  found  by  cal- 
culation:— 

Case  i. —  IVA^  a  side  and  its  opposite  angle  are  two  of  the  given  parts. 

Rule  i.  To  find  a  side^  work  the  following  proportion: — 
as  the  sine  of  the  angle  opposite  the  given  side 
is  to  the  sine  of  the  angle  opposite  the  required  side, 
so  is  the  given  side 
to  the  required  side. 

Rule  2.  To  find  an  angle: — 

as  the  side  opposite  to  the  given  angle 
is  to  the  side  opposite  to  the  required  angle, 
so  is  the  sine  of  the  given  angle 
to  the  sine  of  the  required  angle. 

Rule  3.  In  a  right-angled  triangle^  when  the  angles  and  one  side  next  the 
right  angle  are  given,  to  find  the  other  side: — 
as  radius 

is  to  the  tangent  of  the  angle  adjacent  to  the  given  side, 
so  is  this  side 
to  the  other  side. 

Case  2. —  When  two  sides  and  the  included  angle  are  given. 

Rule  4.   To  find  the  other  side: — 

as  the  sum  of  the  two  given  sides 

is  to  their  difference, 

so  is  the  tangent  of  half  the  sum  of  their  opposite  angles 

to  the  tangent  of  half  their  difference — 
add  this  half  difference  to  the  half  sum,  to  find  the  greater  angle;  and 
subtract  the  half  difference  from  the  half  sum,  to  find  the  less  angle.     The 
other  side  may  then  be  found  by  Rule  i. 

Rule  5.  When  the  sides  of  a  right-angled  triangle  are  given^  to  find  the 
angles: — 
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as  ODe  side 

is  to  the  other  side, 

so  is  the  radius 

to  the  tangent  of  the  angle  adjacent  to  the  first  side. 

Case  3. —  When  the  three  sides  are  given. 

Rule  6.  To  find  an  angie.  Subtract  the  sum  of  the  logarithms  of  the 
sides  which  contain  the  required  angle,  from  20;  to  the  remainder  add  the 
logarithm  of  half  the  sum  of  the  three  sides,  and  that  of  the  difference 
between  this  half  sum  and  the  side  opposite  to  the  required  angle.  Half 
the  sum  of  these  three  logarithms  will  be  the  logarithmic  cosine  of  half  the 
required  angle.     The  other  angles  may  be  found  by  Rule  i. 

Rule  7.  Subtract  the  sum  of  the  logarithms  of  the  two  sides  which  con- 
tain the  required  angle,  from  20,  and  to  the  remainder  add  the  logarithms 
of  the  differences  between  these  two  sides  and  half  the  sum  of  the  three 
sides.  Half  the  result  will  be  the  logarithmic  sine  of  half  the  required 
angle. 

Nate. — In  all  ordinary  cases  either  of  these  rules  gives  sufficiently  accur- 
ate results.  It  is  recommended  that  Rule  6  should  be  used  when  the 
required  angle  exceeds  90°;  and  Rule  7  when  it  is  less  than  90^ 
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To  find  the  area  of  a  parallelogram.  Multiply  the  length  by  the  height,  or 
perpendicular  breadth. 

Or,  multiply  the  product  of  two  contiguous  sides  by  the  natiual  sine 
of  the  included  angle. 

To  find  the  area  of  a  triangle.  Multiply  the  base  by  the  perpendicular 
height,  and  take  half  the  product. 

Or,  multiply  half  the  product  of  two  contiguous  sides  by  the  natural 
sine  of  the  included  angle. 

To  find  the  area  of  a  trapezoid.  Multiply  half  the  sum  of  the  parallel 
sides  by  the  perpendicular  distance  between  them. 

To  find  the  area  of  a  quadrilateral  inscribed  in  a  circle.  From  half  the 
sum  of  the  four  sides  subtract  each  side  severally;  multiply  the  four  re- 
mainders together;  the  square  root  of  the  product  is  the  area. 

To  find  the  area  of  any  quadrilateral  figure.  Divide  the  quadrilateral  into 
two  triangles;  the  sum  of  the  areas  of  the  triangles  is  the  area. 

Or,  multiply  half  the  product  of  the  two  diagonals  by  the  natural  sine  of 
the  angle  at  their  intersection. 

Note. — As  the  diagonals  of  a  square  and  a  rhombus  intersect  at  right  angles 
(the  natural  sine  of  which  is  i),  half  the  product  of  their  diagonals  is  the 
area. 

To  find  the  area  of  any  polygon.  Divide  the  polygon  into  triangles  and 
trapezoids  by  drawing  diagonals;  find  the  areas  of  these  as  above  shown, 
fior  the  area. 

To  find  the  area  of  a  regular  polygon.     Multiply  half  the  perimeter  of  the 
polygon  by  the  perpendicular  drawn  from  the  centre  to  one  of  the  sides. 
Ni^e. — ^To  find  the  perpendjcuhr  when  the  side  is  given — 
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as  radius 

to  tangent  of  half-angle  at  perimeter  (see  table  No.  i ), 
so  is  half  length  of  side 
to  perpendicular. 
Or,  multiply  the  square  of  a  side  of  any  regular  polygon  by  the  con 
ponding  area  in  the  following  table: — 

Table  No.  i. — ^Angles  and  Areas  of  Regular  Polygons. 


Name. 

Number 

of 
Sides. 

One  half 

Angle  at  the 

Perimeter. 

Area. 
(Side=i) 

Perpendi- 
cular. 
(Side = I) 

Equilateral  triangle, 

Souare 

3 
4 

5 
6 

7 
8 

9 

lO 

II 

12 

30° 

45° 

54° 
60" 

64°| 

70° 
72° 

73°^ 
75° 

0-4330 
I'OOOO 

17205 

2-5981 
36339 

4-8284 

6-i8i8 
7-6942 

9*3656 
11-1962 

0-2887 
0*5000 
0*6882     1 

Pentagon 

Hexagon 

0-8660 

HeptafiTon 

10383 
1*2071 

I  "3737 

1-5388 
17028 

I  8660 

Octagon 

Nonagon 

Decagon 

Undecagon, 

Dodecagon 

To  find  the  drcumfermcc  of  a  circle.     Multiply  the  diameter  by  3*1416. 
Or,  multiply  the  area  by  12*5664;  the  square  root  of  the  product  is  dK 
circumference. 

To  find  the  diameter  of  a  circle.     Divide  the  circumference  by  3*1416. 
Or,  multiply  the  circumference  by  '3183. 

Or,  divide  the  area  by  "7854;  the  square  root  of  the  quotient  is  th< 
diameter. 

To  find  the  area  of  a  circle.     Multiply  the  square  of  the  diameter  by  7854- 
Or,  multiply  the  circumference  by  one-fourth  of  the  diameter. 
Or,  multiply  the  square  of  the  circumference  by  '07958. 

To  find  the  length  of  an  arc  of  a  circle.  Multiply  the  number  of  d^prees 
in  the  arc  by  the  radius,  and  by  '01745. 

Or,  the  length  may  be  found  nearly,  by  subtracting  the  chord  of  the  whole 
arc  from  eight  times  the  chord  of  half  the  arc,  and  taking  one-third  of  the 
remainder. 

To  find  the  area  of  a  sector  of  a  circle.  Multiply  half  the  length  of  the 
arc  of  the  sector  by  the  radius. 

Or,  multiply  the  number  of  degrees  in  the  arc  by  the  square  of  the  radius^ 
and  by  *oo872  7. 

72?  find  the  area  of  a  segment  of  a  circle.  Find  the  area  of  the  sector 
which  has  the  same  arc  as  the  segment;  also  the  area  of  the  triangle 
formed  by  the  radial  sides  of  the  sector  and  the  chord  of  the  arc;  the 
difference  or  the  sum  of  these  areas  will  be  the  area  of  the  segment,  ac- 
cording as  it  is  less  or  greater  than  a  semicircle. 

To  find  the  area  of  a  ring  included  between  the  circumferences  of  tioo  can- 
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tatHtardis.    Multiply  the  sum  of  the  diameters  by  their  difference,  and 
Te  Jiitd  the  area  of  a  cycloid.     Multiply  the  area  of  the  generating  circle 

T»  find  the  length  of  an  arc  of  a  parcibola,  cut  off  by  a  ttoubU  ordinate 

ktktaxu.    To  the  square  of  the  ordinate  add  four-fifths  of  the  square  of 

die  absciss;  twice  the  square  root  of  the  sum  is  the  length  nearly. 

Hilt. — This  lule  is  an  approximation  which  apphes  to  those  cases  only 
ia  which  the  absciss  does  not  exceed  half  the  ordinate. 

To  fnd  the  area  of  a  parabola.  Multiply  the  base  by  the  height;  two- 
thirds  of  the  product  is  the  area. 

Te  fnd  the  circumference  of  an  ellipse.  Multiply  the  square  root  of  half  the 
ann^the  squares  of  the  two  axes  by  3'i4r6. 

To  fold  the  area  of  an  ellipse.  Multiply  the  product  of  the  two  axes  by 
7854- 

Nete. — The  area  of  an  ellipse  is  equal  to  the  area  of  a  circle  of  which 
the  diameter  is  a  mean  proportional  between  the  two  axes. 

To  find  the  area  of  an  elliptic  segment,  the  base  of  which  is  parallel  to 
dtkeraxis  of  the  ellipse.  Divide  the  height  of  the  segment  by  the  axis  of 
which  it  is  a  part,  and  find  the  area  of  a  circular  segment,  by  table  No. 
VII.,ofwfaich  the  height  is  equal  to  this  quotient;  multiply  the  area  thus 
ftnnd  by  the  two  axes  of  the  ellipse  successively;  the  product  is  the  area. 

To  find  the  length  of  an  arc  of  a  hyperbola,  beginning  at  the  vertex.     To 
[9  times  the  transverse  axis  add  1 1  times  the  parameter  to  this  axis,  and 
multiply  the  sum  by  the  quotient  of  the  absciss  divided  by  the  transverse. 
id.  To  9  times  the  transverse  add  zi  times  the  parameter,  and  multiply  the 
sum  by  the  quotient  of  the  absciss  divided  by  the  transverse,     3d,  To 
each  of  these  products  add  15  times  the  parameter,  and  then 
as  the  latter  sum 
is  to  the  former  sum, 
so  is  the  ordinate 
to  the  length  of  the  arc,  nearly. 

To  find  the  area  of  a  hyperbola.  To  the  product  of  the  transverse  and 
absdss  add  five-sevenths  of  the  square  of  the  absciss,  and  multiply  the  square 
root  of  the  sum  by  zi;  to  this  product  add  4  times  the  square  root  ot 
the  ptFoduct  of  the  transverse  and  absciss;  multiply  the  sum  by  4  times  the 
product  of  the  conjugate  and  absciss,  and  divide  by  75  times  the  transverse. 
The  quotient  is  the  area  nearly. 

To  find  the  area  of  any  curvilincal  figure, 
ioipided  at  the  ends  by  parallel  straight  lines. 
Fig.  74.  Divide  the  length  of  the  figure 
ab  into  any  even  number  of  equal  pans, 
and  draw  wdioates  c,  d,  e,  &c,  through  the 
points  of  division,  to  touch  the  boundary 
hnea.  Add  together  the  first  and  last 
ordiDates  (^  and  k),  and  call  the  sum  a; 
add  together  the  even  ordinates  (that  is,  f"«  j4--ForAr=«orcurvi 
d,f,  h,j),  and  call  the  sum  b;  add  together 
the  odd  ordinates,  except  the  first  and  last  U,g,  i),  and  call  the  s 
D  be  the  corotaoa  distance  of  the  ordinates,  then 


Let 
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(a  +  4  B  +  a  c) 


D  =  area  of  figure. 


This  is  known  as  Simpson's  Rule. 

2d  Method,  Fig.  74. — Having  divided  the  figure  into  an  even  or  an  odd 
number  of  equal  parts,  add  together  the  first  and  last  ordinates,  makiif 
the  sum  k\  and  add  together  all  the  inteimediate  oidinates,  making  Ae 
sum  B.  Let  L  =  the  length  of  the  figure,  and  «  =  the  number  of  d'  '  ' 
then 

— — —  X  L  =  area  of  figure. 


That  is  to  say,  twice  the  sum  of  the  intermediate  ordinates,  plus  the  fint 
and  last  ordinates,  divided  by  twice  the  number  of  divisions,  and  multi- 
plied by  the  length,  is  equal  to  the  area  of  the  figure. 

This  metliod  is  that  commonly  used;  it  is  sufficiently  near  to  exactnesi 
for  most  purposes. 

31/  Method,  Fig.  74. — Having  divided  the  figure  as  above,  measure  by  % 
scale  the  mean  depth  of  each  division,  at  the  middle  of  the  division;  add 
together  the  depths  of  all  the  divisions,  and  divide  the  sum  by  the  number 
of  divisions,  for  the  average  depth ;  multiply  the  average  depth  by  the  length, 
which  gives  the  area. 

For  the  sake  of  obtaining  a  more  nearly  exact  result,  the  figure  may  be 
divided  into  two  half-parts,  c,k.  Fig.  75,  one  at  each  end,  and  a  number 
of  whole  equal  parts,  d,  e,f,g,  h,  i,j,  intermediately.  Then  the  ordinates 
separating  these  parts,  excluding  tiie  extreme  ordinates,  may  be  measured 
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direct,  and  the  sum  of  the  measurements  divided  by  the  number  of  them, 

and  multiplied  by  the  length,  for  the  area. 

Note. — In  dealing  with  figures  of  excessively  irregular  outline,  as  in  Fig. 
76,  representing  an  indicator-diagram  from  a  steam-engine,  mean  lines,  ab, 
cd,  may  be  substituted  for  the  actual  lines,  being  so  traced  as  to  intersect 
the  undulations,  so  that  the  total  area  of  the  spaces  cut  off  may  be  com- 
pensated by  that  of  the  extra  spaces  inclosed. 

Note  2. — The  figures  have  been  supposed  to  be  bounded  at  the  ends  by 
parallel  planes.  But  they  may  be  terminated  by  curves  or  angles,  as  in 
Fig.  76,  at  b,  when  the  extreme  ordinates  become  nothing. 
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To  find  the  surface  of  a  prism  or  a  cylinder.  The  perimeter  of  the  end 
iBoldplied  by  the  height  gives  the  upright  surface;  add  twice  the  area  of 
an  end. 

To  find  the  cubic  contents  of  a  prism  or  a  cylinder.  Multiply  the  area  of 
tbe  base  by  the  height 

To  find  the  surface  of  a  pyramid  or  a  cone.  Multiply  the  perimeter  of  the 
base  by  half  the  slant  height,  and  add  the  area  of  the  base. 

To  find  the  cubic  contents  of  a  pyramid  or  a  cone.  Multiply  the  area  of 
the  base  by  one-third  of  the  perpendicular  height 

To  find  the  surface  of  afrustrum  of  a  pyramid  or  a  cone.  Multiply  the 
som  oi  the  perimeters  of  the  ends  by  half  the  slant  height,  and  add  the 
areas  of  the  ends. 

To  find  the  cubic  contents  of  a  frustrum  of  a  pyramid^  or  a  cone, — Add 
together  the  areas  of  the  two  ends,  and  the  mean  proportional  between  them 
(that  is,  the  square  root  of  their  product),  and  multiply  the  sum  by  one-third 
of  the  perpendicular  height 

Or,  when  the  ends  are  circles,  add  together  the  square  of  each  diameter, 
and  the  product  of  the  diameters,  and  multiply  the  sum  by  7854,  and  by 
one-third  of  the  height 

To  find  the  cubic  contaits  of  a  wedge, — To  twice  the  length  of  the  base 
add  die  length  of  the  edge;  multiply  the  sum  by  the  breadth  of  the  base, 
and  by  one-sixth  of  the  height 

To  find  the  cubic  contents  of  a  pHsmoid  (a  solid  of  which  the  two  ends  are  dis- 
similar but  parallel  plane  figures  of  the  same  number  of  sides), — To  the  sum 
of  the  areas  of  the  two  ends,  add  four  times  the  area  of  a  section  parallel  to 
and  equally  distant  from  both  ends;  and  multiply  the  sum  by  one-sixth  of 
the  length. 

Note. — ^This  rule  gives  the  true  content  of  all  fhistrums,  and  of  all  solids 
of  which  the  parallel  sections  are  similar  figures ;  and  is  a  good  approxima- 
tion for  other  kinds  of  areas  and  solidities. 

To  find  the  surface  of  a  sphere. — Multiply  the  square  of  the  diameter  by 
31416. 

Note. — The  surface  of  a  sphere  is  equal  to  4  times  the  area  of  one  of  its 
great  circles. 

2.  The  surface  of  a  sphere  is  equal  to  the  convex  surface  of  its  circum- 
scribing cylinder. 

3.  Tlie  surfaces  of  spheres  are  to  one  another  as  the  squares  of  their 
diameters. 

To  find  the  curve  surface  of  any  segment  or  zone  of  a  sphere, — Multiply  the 
diameter  of  the  sphere  by  the  height  of  the  zone  or  segment,  and  by  3*1416. 

Note, — The  curve  surfaces  of  segments  or  zones  of  the  same  sphere  are 
to  one  another  as  their  heights. 

To  find  the  cubic  contents  of  a  sphere, — Multiply  the  cube  of  the  diameter 
bjr  5236. 
Or,  multiply  tb^  sur&ce  by  one-sixth  of  the  diameter. 
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Note, — The  contents  of  a  sphere  are  two-thirds  of  the  contents  of  it 
circumscribing  cylinder. 

2.  The  contents  of  spheres  are  to  one  another  as  the  cubes  of  their 
diameters. 

To  find  the  cubic  contents  of  a  segment  of  a  sphere, — From  3  times  tibe 
diameter  of  the  sphere  subtract  twice  the  height  of  the  segment;  mult^ 
the  difference  by  the  square  of  the  height,  and  by  '5236. 

Or,  to  3  times  the  square  of  the  radius  of  the  base  of  the  segment,  add 
the  square  of  its  height;  and  multiply  the  sum  by  the  height,  and  by  '523d. 

To  find  the  cubic  contents  of  a  frustrum  or  zone  of  a  sphere, — To  the  sum 
of  the  squares  of  the  radii  of  the  ends  add  Yi  of  the  square  of  the  heig^; 
multiply  the  sum  by  the  height,  and  by  1*5708. 

To  find  the  cubic  contents  of  a  spheroid, — Multiply  the  square  of  the  re- 
volving axis  by  the  fixed  axis  and  by  '5236. 

Note, — The  contents  of  a  spheroid  are  two-thirds  of  the  contents  of  its 
circumscribing  cylinder. 

2.  If  the  fixed  and  revolving  axes  of  an  oblate  spheroid  be  equal  to  the 
revolving  and  fixed  axes  of  an  oblong  spheroid  respectively,  the  contents  of 
the  oblate  are  to  those  of  the  oblong  spheroid  as  the  greater  to  the  less  axiSi 

To  find  the  cubic  contents  of  a  segment  of  a  spheroid, — ist.  When  the  base 
is  parallel  to  the  revolving  axis.  Multiply  the  difference  between  thrice  the 
fixed  axis  and  double  the  height  of  the  segment,  by  the  square  of  the  height, 
and  the  product  by  '5236.     Then, 

as  the  square  of  the  fixed  axis 

is  to  the  square  of  the  revolving  axis, 

so  is  the  last  product 

to  the  content  of  the  segment 
2d.  When  the  base  is  perpendicular  to  the  revolving  axis.     Multiply  the 
difference  between  thrice  the  revolving  axis  and  double  the  height  of  the 
segment,  by  the  square  of  the  height,  and  the  product  by  '5236.     Then, 

as  the  revolving  axis 

is  to  the  fixed  axis, 

so  is  the  last  product 

to  the  content  of  the  segment. 

To  find  the  solidity  of  the  middle  frustrum  of  a  spheroid, — ist.  When  the 
ends  are  circular,  or  parallel  to  the  revolving  axis.  To  twice  the  square  of 
the  middle  diameter,  add  the  square  of  the  diameter  of  one  end;  multiply 
the  sum  by  the  length  of  the  frustrum,  and  the  product  by  '2618  for  the 
content 

2d.  When  the  ends  are  elliptical,  or  perpendicular  to  the  revolving  axis. 
To  twice  the  product  of  the  transverse  and  conjugate  diameters  of  the  middle 
section,  add  the  product  of  the  transverse  and  conjugate  diameters  of  one 
end;  multiply  the  sum  by  the  length  of  the  frustrum,  and  by  '2618  for  the 
content 

To  find  the  cubic  contents  of  a  parabolic  conoid, — Multiply  the  area  of  the 
base  by  half  the  height 

Or,  multiply  the  square  of  the  diameter  of  the  base  by  the  height,  and 
by  -3927.. 

To  find  the  cubic  contents  of  a  frustrum  of  a  parabolic  conoid. — Multiply 
half  the  sum  of  the  areas  of  the  two  ends  by  the  height  of  the  frustrum. 
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Or,  multiply  the  sum  of  the  squares  of  the  diameters  of  the  two  ends  by 
ite  he^t,  and  by  -3927. 

Tipid  the  ettbie  amtaifs  of  a  parabolic  spindle. — Multiply  the  square  of  the 
middle  diameter  by  the  length,  and  by -41888. 

Te  find  Ike  cubic  contents  of  the  middle  fntstrum  of  a  parabolic  spindle. — 
Add  logether  8  times  the  square  of  the  largest  diameter,  3  times  the  square 
of  the  diameter  at  the  ends,  and  4  times  the  product  of  the  diameteis; 
maJliply  the  sum  by  the  length  of  the  frustrum,  and  by  ■05236. 

X/fi^  ihe  surface  and  the  cuiic  tonienls  of  any  of  the  five  r^ar  solidStTx^ 


f>tTJ- 


77,  78,  79,  80,  81. — For  the  surfece,  multiply  the  tabular  area  below,  by  the 
iqnare  d*  the  edge  of  the  solid. 

For  the  contents,  multiply  the  tabular  contents  below,  by  the  cube  of  the 
pwncdge. 

N<ae. — A  regular  solid  is  bounded  by  similar  and  regular  plane  figures. 
There  are  five  regular  solids,  shown  by  Figs.  77  to  81,  namely: — 

The  tetrahedron,  bounded  by  four  equilateral  triangles. 

The  hexahedron,  or  cube,  bounded  by  six  squares. 

The  octahedron,  bounded  by  eight  equilateral  triangles. 

The  dodecahedron, honnAeA  by  twelve  pentagons. 

The  icoiahedron,  bounded  by  twenty  equilateral  triangles. 

Regular  solids  may  be  circumscribed  by  spheres;  and  spheres  may  be 
inscribed  in  regular  solids. 

Surfaces  and  Cubic  Contents  of  Regular  Solids. 


Namber 
of  sides. 

Name. 

Area. 
Edge -I. 

Contents. 
Edfie=.. 

4 
6 
8 

Tetrahedron 

Hexahedron 

Octahedron 

173*0 
6  ■0000 
3 '464 1 
20-6458 
8-6603 

0-1.78 

0-4714 
7-6631 
2-18.7 

Icosahedron 

To  find  the  cubic  cotilents  of  an  irregular  solid. — Suppose  it  divided  into 
parts,  resembling  prisms  or  other  bodies  measurable  by  preceding  rules ;  find 
the  content  of  each  part;  the  sum  of  the  contents  is  the  cubic  contents  of 
the  solid. 

A^. — The  content  of  a  small  part  is  found  nearly  by  multiplying  half 
[he  sum  of  the  areas  of  each  end  by  the  perpendicular  distance  between 
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Or,  the  contents  of  small  irregular  solids  may  sometimes  be  found  b) 
mersing  them  under  water  in  a  prismatic  or  cylindrical  vessel,  and  obser 
the  amount  by  which  the  level  of  the  water  descends  when  the  soli 
withdrawn.  The  sectional  area  of  the  vessel  being  multiplied  by  the  des« 
of  the  level,  gives  the  cubic  contents. 

Or,  when  the  solid  is  very  large,  and  a  great  degree  of  accuracy  is 
requisite,  measure  its  length,  breadth,  and  depth  in  several  different  pla 
and  take  the  mean  of  the  measurement  for  each  dimension,  and  mult 
the  three  means  together. 

Or,  when  the  surface  of  the  solid  is  very  extensive,  it  is  better  to  di^ 
it  into  triangles,  to  find  the  area  of  each  triangle,  and  to  multiply  it  by 
mean  depth  of  the  triangle  for  the  contents  of  each  triangular  portion; 
contents  of  the  triangular  sections  are  to  be  added  together. 

The  mean  depth  of  a  triangular  section  is  obtained  by  measuring  i 
depth  at  each  angle,  adding  together  the  three  measurements,  and  tilki 
one-third  of  the  sum. 
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To  find  the  height  of  an  accessible  object, — Measure  the  distance  from  d 
base  of  the  object  to  any  convenient  station  on  the  same  horizontal  plan 
and  at  this  station  take  the  angle  of  altitude.     Then 

as  radius 

to  tangent  of  the  angle  of  altitude, 

so  is  die  horizontal  distance 

to  the  height  of  the  object  above  the  horizontal  plane  passin 
through  the  eye  of  the  observer.  Add  the  height  of  the  eye,  and  the  sui 
is  the  height  of  the  object 

Note, — The  station  should  be  chosen  so  that  the  angle  of  altitude  shoul< 
be  as  near  to  45**  as  practicable ;  because  the  nearer  to  45**,  the  less  is  th< 
error  in  altitude  arising  from  error  of  observation. 

When  the  angle  of  elevation  is  45°,  the  height  above  the  plane  of  th« 
eye  is  equal  to  the  distance.  When  it  is  26®  34',  the  height  is  half  the  dis 
tance. 

To  find  approximately  the  height  of  an  accessible  object, — There  are  foui 

methods  based  on  the  principle  of  similar  triangles. 
I  St  By  a  geometrical  square^  Fig.  82. — This  is  a 
square,  a  b,  with  two  sights  on  one  of  its  sides,  a  «, 
a  plumb-line  hung  from  one  extremity,  «,  of  that 
side,  and  each  of  the  two  sides  opposite  to  that 
extremity,  mb,ma^  divided  into  100  equal  parts; 
the  division  beginning  at  the  remote  ends,  so  that 
the  looth  divisions  meet  at  the  comer  m.  Let  re 
be  the  object,  and  the  sights  be  directed  to  the 
summit  e,  at  the  known  distance  ad.  When  the 
plummet  cuts  the  side  b  m  at,  say,  r,  then  by  similar 
triangles,  nb  :b  c: :  ad:  de.  Or,  if  the  plumb-line 
cuts  the  side  a  m,  then  the  part  o(am  cut  offis  to  an::  ad  :de.  Adding 
to  de  the  height  of  the  eye  rd,  the  sum  is  the  height  of  the  object,  re. 


Fig.  83. — Mensuration  of  a 
Height. 
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2d.  By  shadawsy  Fig.  83. — ^When  the  sun  shines,  fix  a  pole  he  \n  the 
groood,  vertically,  and  measure  its  shadow  a  b.    Measure  also  the  shadow  de 
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Mcmnration  of  a  Height. 


Fig.  84. 


of  the  object  e  m\  then,  by  similar  triangles,  ab\bc\\  de\  ^  w,  the  height  of 

the  object 
3d  By  r^edioriy  Fig.  84. — Place  a  basin  of  water,  or  any  horizontal 

reflecting  surface,  at  a,  level  with  the  base  of  the  object  de^  and  retire  from 

it  till  the  eye  at  c  sees  the  top  of  the  object  ^, 

in  the  centre  of  the  basin  at  a.    Then,  by  similar 

triangles,  tf  3 :  bc\  \ad\dt, 

4thL  By  two  poles y  Fig.  85. — Fix  two  poles  a  m^ 
rn,  of  unequal  lengths,  parallel  to  the  object  er^ 
so  that  the  eye  of  the  observer  at  j,  the  top  of 
the  shorter  pole,  may  see  r,  the  top  of  the  longer 
pole,  in  a  line  with ^,  the  summit  of  the  object  re, 
fiysimilar  triangles,  a  ^  \bc\\ad\  de\  and  adding 
f  i^  the  height  of  the  eye,  to  de^  the  sum  r  ^  is  the 
height  of  the  object 

To  find  the  distance  of  the  risible  horizon, — ^To 
half  die  logarithm  of  the  height  of  the  eye,  add  3*8105;  the  sum  is  the 
k^arithm  of  the  distance  in  feet,  nearly. 

To  find  the  distance  of  an  object  by  the  motion  of  sound, — Multiply  the 
number  of  seconds  that  elapse  between  the  flash  or  other  sign  of  the  gene- 
ladon  of  the  sound  and  the  arrival  of  the  sound  to  the  ear,  by  1120.  The 
product  is  the  distance  in  feet 

Note, — When  a  sound  generated  near  the  ear  returns  as  an  echo,  half  the 
interval  of  time  is  to  be  taken,  to  find  the  distance  of  the  reflecting  surface. 


Fig.  85.  Mensuration  of  a 
Height. 


S2  MATHEMATICAL  TABLES. 


MATHEMATICAL   TABLES. 


Table  No.  I. — Of  Logarithms  of  Numbers  from  i  to  10,000. 

Logarithms  consist  of  integers  and  decimals;  but,  for  the  sake  of  com- 
pactness, the  integers  have  been  omitted  in  the  table,  except  in  the  short 
preliminary  section  containing  the  complete  logarithms  of  numbers  from  i  to 
100.  The  table  No.  I.  contains  the  decimal  parts,  to  six  places,  of  the  logar 
rithms  of  numbers  from  i  to  io,ooa  The  integer,  or  index,  or  characte^ 
istic  of  a  logarithm,  standing  on  the  left-hand  side  of  the  decimal  point,  is 
a  number  less  by  i  than  the  number  of  figures  or  places  in  the  int^er 
of  the  number.  If  a  number  contains  both  integers  and  decimals,  d» 
index  is  regulated  according  to  the  integers.  If  it  contain  only  decimals, 
the  index  is  equal  to  the  number  of  cyphers  next  the  decimal  point,  plus  i; 
moreover,  the  index  is  negative,  and  is  so  distinguished  by  the  sign  minus, 
— ,  written  over  it. 

For  example,  to  illustrate  the  adjustment  of  the  integer  of  tJie  logarithm 
to  the  composition  of  the  number: — 

Number.  Logarithm. 

4743 3-676053 

474.3 2.676053 

47.43 1.676053 

4.743 0.676053 

.4743 .2.676053 

.04743 .f -676053 

.004743 3.676053 

Still  more  for  the  sake  of  compactness,  the  first  two  figures  of  the  loga- 
rithms are  given  only  at  the  beginning  of  each  line  of  logarithms,  to  save 
repetition,  only  the  remaining  four  decimal  places  being  given  for  each 
logarithm.  In  seeking  for  a  logarithm,  the  eye  readily  takes  in  the  prefixed 
two  digits  at  the  commencement  of  each  line. 

/^r//es, — To  find  the  logarithm  of  a  number  containing  one  or  two  digits, 
look  for  the  number  in  the  preliminary  tablet  in  one  of  the  columns 
marked  No.,  and  find  the  logarithm  next  it  Or,  look  in  the  body  of 
the  table  for  the  given  number  in  the  columns  marked  N,  with  one  or 
two  cyphers  following  it;  the  decimal  part  of  the  logarithm  is  in  the 
column  next  to  it.  For  example,  the  decimal  part  of  the  logarithm  of  3 
is  found,  in  the  column  next  to  the  number  300,  to  be  .477121,  and  as 
there  is  but  one  digit,  the  logarithm  is  completed  with  a  cypher,  thus, 
0.477 1 2 1.  The  same  logarithm  stands  for  30,  except  that,  when  completed, 
it  becomes  1.477 121.  Again,  take  the  number  37;  look  for  370  in  column 
N,  and  the  decimal  part  of  the  logarithm  is  found,  in  the  column  next  it, 
to  be  .568202,  which,  being  completed,  becomes  1.568202.     If  the  number 

be  .37,  the  logarithm  becomes  1.568202. 

To  find  the  logarithm  of  a  number  consisting  of  three  digits,  look  for  the 
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namber  in  column  N,  and  find  the  logarithm  in  the  column  next  it,  as 

already  exemplified,  for  which  the  index  is  to  be  settled  and  prefixed  as 

before. 
U  the  number  consist  of  four  digits,  look  for  the  first  three  in  column  N, 

and  the  fourth  in  the  horizontal  line  at  the  head  or  at  the  foot  of  the  table. 

The  decimal  part  of  the  logarithm  is  found  opposite  the  three  first  digits 
and  under  or  over  the  fourth.  Take  the  number  5432;  opposite  543  in 
column  N,  and  in  the  column  headed  2,  is  the  logarithm  .734960,  to  which 
3  is  to  be  prefixed,  making  3.734960.  If  the  number  be  5.432,  the 
complete  logarithm  is  0.734960. 

If  the  number  consist  of  five  or  more  digits,  find  the  logarithm  for  the 
fiist  four  as  above ;  multiply  the  difference,  in  column  D,  by  the  remaining 
digits,  and  divide  by  10  if  there  be  only  one  digit  more,  by  100  if  there 
be  two  more,  and  so  on;  add  the  quotient  to  the  logarithm  for  the  first  four. 
The  sum  is  the  decimal  part  of  the  required  logarithm,  to  which  the  index 
is  to  be  prefixed.  For  example,  take  3. 141 6.  The  logarithm  of  3 141  is 
.497068,  decimal  part;  and  the  difference,  138  x  6  -;- 10  =  83,  is  to  be  added, 

thus — 

0.497068 

83 


making  the  complete  logarithm, 0.497151 

To  find  the  number  corresponding  to  a  given  logarithm,  look  for  the 
logarithm  without  the  index.  If  it  be  found  exactly  or  within  two  or  three 
muts  of  the  right-hand  digit,  then  the  first  three  figures  of  the  indicated 
number  wiU  be  found  in  the  number  column,  in  a  line  with  the  logarithm, 
and  the  fourth  figure  at  the  top  or  the  foot  of  the  column  containing  the 
logarithm.  Annex  the  fourth  figure  to  the  first  three,  and  place  the  decimal 
point  in  its  proper  position,  on  the  principles  already  explained. 

If  the  given  logarithm  differs  by  more  than  two  or  three  units  from  the 
nearest  in  the  table,  find  the  number  for  the  next  less  tabulated  logarithm, 
which  will  give  the  four  first  digits  of  the  required  number.  To  find  the 
fifth  and  sixth  digits,  subtract  the  tabulated  logarithm  from  the  given  loga- 
rithm, add  two  cyphers,  and  divide  by  the  difference  found  in  column  D 
opposite  the  logarithm.  Annex  the  quotient  to  the  four  digits  already 
found,  and  place  the  decimal  point  For  example,  to  find  the  number 
represented  by  the  logarithm  2.564732: — 

2.564732  given  logarithm. 
Log 367.0= 2.564666  nearest  less. 


367.056 


56  D  118)6600  (56  nearly. 

590 


700 
708 


Showing  that  the  required  number  is  367.056. 

To  multiply  together  two  or  more  numbers,  add  together  the  logarithms 

3 
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of  the  numbers,  and  the  sum  is  the  logarithm  of  the  product     Thui 
multiply  365  by  3.146: — 

Log    365 =  2.562293 

Log    3-146 =0.497759 

3.060052 
Log    1148 3.059942 

29  D  380)11000  (29  nearly. 

760 

1148.29  

3400 
3420 

Showing  that  the  product  is 1 148. 29. 

To  divide  one  number  by  another,  subtract  the  logarithm  of  the  divia 
from  that  of  the  dividend,  and  the  remainder  is  the  logarithm  of  ti 
quotient 

To  find  any  power  of  a  given  number,  multiply  the  logarithm  of  the  nui 
ber  by  the  exponent  of  the  power.  The  product  is  the  logarithm  of  tl 
power. 

To  find  any  root  of  a  given  number,  divide  the  logarithm  of  the  numbi 
by  the  index  of  the  root     The  quotient  is  the  logarithm  of  the  root 

To  find  the  reciprocal  of  a  number,  subtract  the  decimal  part  of  th 
logarithm  of  the  number  from  0.000000;  add  i  to  the  index  of  the  1(^ 
rithm,  and  change  the  sign  of  the  index.  This  completes  the  logarithm  c 
the  reciprocal.     For  example,  to  find  the  reciprocal  of  230 : — 

0.000000 
Log    230  = 2.361728 

3.638272  =  log  0.004348  (reciprocal). 

Inversely,  to  find  the  reciprocal  of  the  decimal  .004348  :— 

0.000000 
Log    .004348  = 3.638272 

2.361728  =  log  230  (reciprocal). 

Note, — It  will  be  found  in  practice,  for  the  most  part,  unnecessary  to 
note  the  indices  of  logarithms,  as  the  decimal  parts  are  in  most  cases  suffi- 
ciently indicative  of  the  numbers  without  the  indices.  The  exact  calcula- 
tion of  differences  may  also  in  most  cases  be  dispensed  with — rough  mental 
approximations  being  sufficiently  near  for  the  purpose — particularly  when 
the  numbers  contain  decimals.  The  indices  are,  however,  indispensable  in 
the  calculation  of  the  roots  of  numbers. 
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Table  Na  II. — Of  Hyperbolic  Logarithms  of  Numbers. 

• 

In  this  table,  the  numbers  range  from  i.oi  to  30,  advancing  by  .01,  up 
to  the  whole  number  10;  and  thence  by  larger  intervals  up  to  30.  The 
hyperbolic  logarithms  of  numbers,  or  Neperian  logarithms,  as  they  are 
sometimes  called,  are  calculated  by  multiplying  the  common  logarithms  of 
the  given  numbers,  in  table  No..  I.,  by  the  constant  multiplier,  2.302585. 
The  h}'perbolic  logarithms  of  numbers  intermediate  between  those  which 
are  given  in  the  table,  may  be  readily  obtained  by  interpolating  proportional 
differences. 

Table  No.  III. — Of  Circumferences,  Circular  Areas,  Squares  and 
Cubes;  and  of  Square  Roots  and  Cube  Roots. 

It  has  been  shown  how  to  calculate  the  powers  and  roots  of  numbers  by 
means  of  logarithms.  The  table  No.  III.  will  be  useful  for  reference.  It 
contains  the  powers  and  roots  of  numbers  consecutively  from  i  to  1000. 
The  circumferences  and  areas  of  circles,  due  to  the  numbers  contained  in 
the  first  columns,  considered  as  diameters,  are  also  given.  They  will  be 
found  useful  when  diameters  are  expressed  in  integers  and  decimals,  or 
otherwise  than  in  feet,  inches,  and  fractions. 

Table  No.   IV. — Of  Circumferences  and  Areas  of  Circles,  with 

Sides  of  Equal  Squares. 

The  Table  No.  IV.  gives  the  circumferences  and  areas  of  circles  from 
1^  inch  to  120  inches  in  diameter,  advancing  by  sixteenths  of  an  inch  up 
to  6  irxhes  diameter;  thence  by  eighths  of  an  inch  to  50  inches  diameter; 
thence  by  quarters  of  an  inch  to  100  inches  diameter;  and  thence  by  half 
inches  to  120  inches  diameter. 

At  the  same  time,  the  decimal  equivalents  of  fractions  of  inches  are  given 
in  the  first  columns,  and  they  are  complemented  by  inches  and  decimals 
advancing  by  tenths,  for  which  also  the  circumferences  and  areas  are  given. 

The  table  is  thus  completed  for  diameters  expressed  with  decimals,  as 
well  as  for  those  expressed  with  vulgar  fractions. 

By  a  suitable  adjustment  of  decimal  points  the  circumferences  and  areas 
may  be  determined  from  the  contents  of  the  table  for  diameters  ten  or  a 
hundred  times  as  much  as,  or  less  than,  the  values  given  in  the  first  column. 

WTiilst  the  diameters  are  here  expressed  as  inches,  they  may  be  taken  as 
feet,  or  as  measures  of  any  other  denomination. 

The  column  oi  sides  of  equal  squares^  contains  the  sides  of  squares  having 
the  same  area  as  the  circles  in  the  same  lines  of  the  table  respectively. 

Note, — The  column  of  circular  areas  given  in  table  No.  Ill,  contains  the 
areas  of  circles  of  which  the  diameters  are  given  in  common  numbers  in 
the  first  column. 

Tables  Nos.  V.  and  VI. — Of  Lengths  of  Circular  Arcs. 

The  lengths  of  circular  arcs  are  given  proportionally  to  that  of  the  radius, 
and  to  that  of  the  chord,  in  the  tables  Nos.  V.  and  VI.  In  the  first  of  these 
tables,  the  radius  is  taken  =  i,  and  the  number  of  degrees  in  the  arc  are 
given  in  the  first  column.  The  length  of  the  arc  as  compared  with  the 
radius  is  given  decimally  in  the  second  column. 
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In  the  second  table,  the  chord  is  taken  =  i,  and  the  rise  or  height  of 
arc,  expressed  decimally  as  compared  with  the  chord,  is  given  in  the  f 
column.    The  length  of  the  arc  relatively  to  the  chord  is  given  in  ; 
second  column. 

To  use  the  first  table,  No.  V.,  find  the  proportional  length  of  the  i 
corresponding  to  the  degrees  in  the  arc,  and  multiply  it  by  the  actual  lenj 
of  the  radius ;  the  product  is  the  actual  length  of  the  arc. 

To  use  the  second  table.  No.  VL,  divide  ^e  height  of  the  arc  by  the  cho 
for  the  proportional  height  of  the  arc,  which  find  in  the  first  column  of  t 
table ;  the  proportional  length  of  the  arc  corresponding  to  it  being  mul 
plied  by  the  actual  length  of  the  chord,  gives  the  actual  length  of  the  arc. 

Note. — ^The  length  of  an  arc  of  a  circle  may  be  found  nearly  thus:- 
Subtract  the  chord  of  the  whole  arc  from  8  times  the  chord  of  half  the  ar 
A  third  of  the  remainder  is  the  length  nearly. 

Table  No.  VII. — Of  Areas  of  Circular  Segments. 

The  areas  of  circular  segments  are  given  in  Table  No.  VII.,  in  proportiom 
superficial  measure,  the  diameter  of  the  circle  of  which  the  segment  form 
a  portion  being  =  i.  The  height  of  the  segment,  expressed  decimally  i 
proportion  to  the  diameter,  is  given  in  the  first  column,  and  the  relativ 
area  in  the  second  column. 

To  use  the  table,  divide  the  height  by  the  diameter,  find  the  quotient  ii 
the  table,  and  multiply  the  corresponding  area  by  the  square  of  the  actua 
length  of  the  diameter;  the  product  will  be  the  actual  area. 

Table  No.  VIII. — Sines,  Cosines,  Tangents,  Cotangents,  Secant^ 

AND  Cosecants  of  Angles  from  o°  to  90°. 

This  table.  No.  VIII.,  is  constructed  for  angles  of  from  o**  to  90*,  advancing 
by  10',  or  one-sbcth  of  a  degree.  The  length  of  the  radius  is  equal  to  i, 
and  forms  the  basis  for  the  relative  lengths  given  in  the  table,  and  which 
are  given  to  six  places  of  decimals.  Each  entry  in  the  table  has  a  duplicate 
significance,  being  the  sine,  tangent,  or  secant  of  one  angle,  and  at  the 
same  time  the  cosine,  cotangent,  or  cosecant  of  its  complement.  For  this 
reason,  and  for  the  sake  of  compactness,  the  headings  of  the  columns  are 
reversed  at  the  foot ;  so  that  the  upper  headings  are  correct  for  the  angles 
named  in  the  left  hand  margin  of  the  table,  and  the  lower  headings  for 
those  named  in  the  right  hand  margin. 

To  fitid  the  sine^  or  other  element^  to  odd  minutes^  divide  the  difference 
between  the  sines,  &c.,  of  the  two  angles  greater  and  less  than  the  given 
angle,  in  the  same  proportion  that  the  given  angle  divides  the  difference  of 
the  two  angles,  and  add  one  of  the  parts  to  the  sine  next  it 

By  an  inverse  process  the  angle  may  be  found  for  any  given  sine,  &c, 
not  found  in  the  table. 

Table  No.  IX. — Of  Logarithmic  Sines,  Cosines,  Tangents,  and  Co- 
tangents of  Angles  from  o"*  to  90"*. 

This  table,  No.  IX.,  is  constructed  similarly  to  the  table  of  natural  sines, 
&c,  preceding.  To  avoid  the  use  of  logarithms  with  negative  indices,  the 
radius  is  assumed,  instead  of  being  equal  to  i,  to  be  equal  to  10",  or 
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10,000,000,000;  consequently  the  logarithm  of  the  radius  =  10  log  10=  10. 
^\toce,  if,  to  log  sine  of  any  angle,  when  calculated  for  a  radius  =  1,  there 
be  added  10,  the  sum  will  be  the  log  sine  of  that  angle  for  a  radius  =  10". 
For  example,  to  find  the  logarithmic  sine  of  the  angle  15**  50'. 

Nat  sine  15®  50'= '272840;  its  log  =   1*435908 

add  =  10 


Logarithmic  sine  of  15°  50'=  9435908 

When  the  logarithmic  sines  and  cosines  have  been  found  in  this  manner, 
the  logarithmic  tangents,  cotangents,  secants,  and  cosecants  are  found  from 
those  by  addition  or  subtraction,  according  to  the  correlations  of  the 
trigonometrical,  elements  already  given,  and  here  repeated  in  logarithmic 
fonn: — 

Log  tan =  10  +  log  sin.  —  log.  cosin. 

Log  cotan =  20  —  log  tan. 

Log  sec =  20  —  log  cosin. 

Log  cosec =  20  —  log  sin. 

To  find  the  logarithmic  sine,  tangent,  6*r.,  of  any  an^. — ^\Vhen  the  number 
of  d^rees  is  less  than  45®,  find  the  degrees  and  minutes  in  the  left  hand 
column  headed  angle,  and  under  the  heading  sine,  or  tangent,  &c,  as 
required,  the  logarithm  is  found  in  a  line  with  the  angle. 

When  the  number  of  degrees  is  above  45**,  and  less  than  90°,  find  the 
d^rees  and  minutes  in  the  right  hand  column  headed  angle,  and  in  the 
same  line,  above  the  title  at  the  foot  of  the  page,  sine  or  tangait,  &c.,  find 
the  logarithm  in  a  line  with  the  angle. 

When  the  number  of  degrees  is  between  90®  and  180°,  take  their  supple- 
ment to  180**;  when  between  180°  and  270°,  diminish  them  by  180°;  and 
when  between  270®  and  360**,  take  their  complement  to  360^  and  find  the' 
logarithm  of  the  remainder  as  before. 

If  the  exact  number  of  minutes  is  not  found  in  the  table,  the  logaritlim 
of  the  nearest  tabular  angle  is  to  be  taken  and  increased  or  diminished  as 
the  case  may  be,  by  the  due  proportion  of  the  difference  of  the  logarithms 
of  the  angles  greater  and  less  than  the  given  angle. 

Table  No.  X. — Rhumbs,  or  Points  of  the  Compass. 

The  Mariner's  Compass  is  a  circular  card  suspended  horizontally,  having 
a  thin  bar  of  steel  magnetized, — the  needle, — for  one  of  its  diameters ;  the 
circumference  of  the  card  being  divided  into  32  equal  parts,  ox  points,  and 
each  point  subdivided  into  quarters.  A  point  of  the  compass  is,  therefore, 
equal  to  (360®  h-  32  = )  1 1**  15'. 

Table  No.  XI. — Of  Reciprocals  of  Numbers. 

The  table  No.  XL  contains  the  reciprocals  of  numbers  from  i  to  1000. 
It  has  already  been  shown  how  to  find  the  reciprocal  of  a  number  by  means 
of  logarithms. 
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TABLE   No.  L— LOGARITHMS  OF   NUMBERS 

FROM    I   TO   10,000. 
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88-  3093 

31  SO 

3207 

3=64 

332' 

3377 

3434 

349" 

jen 

88-  3661 

171S 

3775 

3811 

iSfiR 

3945 

4002 

4059 

411S 

4171 

766 

88-  42J9 

4^SS 

462^ 

4682 

767 

8^4795 

4«S2 

5078 

5192 

,248 

5C 

76S 

88-  536. 

UiS 

^587 

^644 

5757 
6321 

688, 

il^ 

769 

88^  59^6 

59B3 

6039 

6152 
6716 

6209 

6S29 

(434 

770 

88-  6491 

6604 

6660 

6942 

6998 

88-  7054 

7.67 

72to 

11 

7,61 

7786 

7842 

8067 

8123 

773 

88-  Si 79 

8236 

8202 

KW« 

84a, 

85>6 

8S71 

8629 

9*46 

774 

88-8741 

8797 

SS53 

9021 

9077 

9>34 

9190 

775 

88-  9W« 

01S8 

9414 

9470 

9526 

9582 

9618 

9694 

97SO 

9806 

776 

88-  1)862 

9918 

9974 

776 

89-  

ss 

0141 

0197 

0253 

036, 

777 

89-  0411 

0477 

0533 

0700 

0756 

0924 

77M 

89-  0980 

1035 

1091 

1147 

1203 

1259 

'3'4 

1370 

■426 

779 

89-  ■537 

1593 

1649 

1 70s 

1760 

1928 

■983 

2039 

7B0 

89-  209S 

2'50 

2206 

2262 

2317 

2373 

2429 

2.,84 

2540 

3SM 

5< 

7B1 

89-  165 1 

3707 

2762 

281 8 

2929 

2985 

3040 

3151 

Ji 

7B2 

89-  3207 

-,26. 

1V8 

1484 

36,. 

3706 

7lil 

3873 

3Q2B 

39«4 

4039 

4094 

4261 

7li4 

89-  43 '6 

437' 

4427 

453B 

4593 

4704 

4759 

4814 

SS 

7sa 

89-  4S70 

4925 
S478 

\% 

5091 

S>46 

Wi 

'!167 

i^i 

5644 

6251 

,809 

787 

U" 

t„t 

6471 

788 

6747 

68,7 

6912 

W1.7 

7022 

5S 

89-  7077 

713' 

7242 

7297 

7352 

7407 

7462 

7517 

7572 

55 

790 

89-  7627 

7682 

7717 

7792 

7847 

7902 

7957 

8012 

1W7 

8121 

55 

791 

89-  8176 

8506 

B670 

55 

792 

89-  871S 

883S 
0183 

8999 

9109 

9164 

9218 

89-  9273 

9437 

9492 

9602 

9766 

987s 

098; 

S5 

794 

90-  

0039 

0094 

0149 

0203 

MSS 

0313 

S5 

798 

90-  0367 

0422 

0476 

0S31 

o^86 

0640 

069, 

0749 

0804 

08S9 

ss 

1077 

1131 

1240 

:c 

.785 

1S40 

1948 

7qs 

ll\l 

2,84 

»4« 

799 

90-  2547 

2655 

2710 

2764 

2873 

2927 

J98I 

3036 

54 

ftflO 

136. 

T4'6 

90-  3^33 

1687 

374' 

3795 

3849 

3904 

3958 

4012 

4066 

4120 

54 

90-  4174 

4229 

U?^ 

4391 

4445 

4499 

4553 

4(«7 

54 

90-  4716 

4770 

4932 

5040 

5094 

S202 

54 

90-5256 

53'" 

5364 

54.8 

5473 

5526 

5''34 

56WI 

5742 

54 

BOB 

90-  5796 

5850 

5904 

5958 

60U 

6066 

6ne 

6173 

6..7 

6=81 

S* 

N 

0 

I 

2 

3 

4 

S 

6 

7 

S 

9 

D 

LOGARITHMS  OF  NUMBERS. 


N  1          o 

r 

z 

3 

4         S 

6 

7 

8 

9 

D 

m 

90-6335 
90-f«T4 

63S9 

6443 

6497 

?X 

6604 

"6658" 

6712 

6766 

6820 

54 

& 

6927 

69S1 

7035 

7 '43 

7196 

7250 

7304 

X 

54 

00-  7411 

746s 

7519 

7573 

7636 

7680 

7734 

7787 

J841 

54 

*>!>  1   90-  7W9 

S002 

8056 

Siio 

8.63 

82<7 

8270 

8324 

837S 

8431 

54 

HO     90-8485 

8539 

S593 

8646 

8699 

8753 

8807 

SS60 

S9.4 

8967 

54 

In     90-  90" 

907* 

9128 

9.81 

9*35 

9269 

ss 

9396 

9449 

9503 

54 

Sii     90-  95  s6 

9610 

9663 

9716 

9770 

9823 

9930 

9984 

54 

S12     91-  

0037 

53 

813     91-  009  > 

0144 

oi97 

07S4 

0304 

035S 

c^n 

0464 

05^8 

0571 

S3 

I14     91-  0624 

0673 

0731 

0S38 

0891 

0944 

0998 

1051 

1104 

S3 

B15 

«*"  'i^! 

1211 

.264 

I3'7 

1 371 

1424 

'477 

1530 

~^ 

1637 

53 

gi6 

91-   1690 

"743 

1797 

1903 

'^^! 

2009 

2063 

2116 

2.69 

S3 

Vl 

91-  aaiz 

^13 

2328 

ss 

2488 

354" 

359+ 

2647 

S3 

SiS 

S;:  ?M 

2K59 

2913 

3019 

3072 

3'25 

3'78 

323' 

S3 

«I9 

3337 

3390 

3443 

3496  i  3549 

3602 

3655 

3708 

376. 

S3 

9M  1  91-  3B14 

3867 

3920 

3973 

4026 

4079 

4'32 

41S4 

4237 

4390 

3 

S,!;:^^ 

4396 

4449 

4502 

4555 

460S 

4660 

4713 

4766 

4819 

3 

49'5 

4977 

5030 

5'^3 

S'36 

5.S9 

5241 

5»94 

5347 

3 

823  1    gi-  54QO 

S4';3 

S505 

jjg 

56M 

5664 

5716 

5769 

5833 

5875 

3 

S14  ,   91-  59^7 

5980 

6033 

6.38 

6191 

6243 

6396 

6349 

6401 

53 

aS9  1   91-  6454 

6507 

W 

6611 

6664 

6717 

6770 

6823 

6S75 

6927 

S3 

816  1   gi-  69S0 

7033 

7138 

7190 

7*43 

7^95 

7348 

7400 

7453 
797S 

53 

817  ;   9t-  7506 

JS 

76n 

7663 

77>6 

7766 

7873 

7925 

52 

818     gt-  8030 

8r35 

818H 

8240 

S293 

S345 

8397 

1*450 

8502 

52 

829  ■   91-  8555 

Sio7 

8659 

8712 

8764 

8816 

S869 

892' 

8973 

9026 

52 

n»    91-  907S 

9130 

9183 

9235 

92B7 

9340 

9392 

9444 

9496 

9549 

52 

|3' 

91-  9601 

9653 

9706 

9758 

9810 

9362 

9914 

9967 

Sa 

8ji 

9a-  

0019 

00;  1 

Sa 

8j2 

92-   0123 

o,,6 

0228 

02to 

0333 

0384 

^36 

0489 

0541 

0593 

53 

8iJ 

92-  0645 

0697 

0749 

oBoi 

0853 

0906 

0958 

1114 

53 

854 

92-   1166 

12  JO 

1323 

'374 

1426 

1478 

■530 

i^2 

'634 

JL 

ISS 

93-  1686 

■738 

1790 

.842 

'894 

1946 

'998 

2050 

2  [02 

2154 

S3 

836 

92-    2206 

„58 

21.0 

2362 

2414 

2466 

25. S 

3570 

2622 

2674 

52 

lil 

93-   2725 

2777 

2829 

2881 

2933 

2985 

3037 

30S9 

3 '40 

3192 

5a 

92-    3144 

3196 

3348 

3399 

345' 

35°3 

3555 

3607 

31^58 

3710 

52 

S39  1    9a-  3762 

38.4 

3865 

39' 7 

39^ 

4021 

4072 

4176 

4338 

53 

S40      9a-  4379 

S 

4383 

4434 

4486 

4538 

4589 

4641 

4693 

4744 

52 

841      9a-  4796 

4899 

195' 

5S'8 

5054 

5106 

5'S7 

5209 

5261 

53 

&»2      9*-  5312 
843       9>-  5828 

5364 

5415 

5467 

5S70 

5621 

5673 

5725 

5776 

53 

5879 

593' 

59S2 

6034 

6085 

6:37 

6240 

5' 

844  1    9"-  634* 

6394 

6445 

6497 

6548     6600 

665. 

6702 

6754 

6805 

5" 

H5 

92-  6857 

690S 

6959 

7011 

7062  1  7114 

7165 

7216 

7368 

73 '9 

5' 

S46 

92-    7370 

7433 

IIU 

^Tr 

7576 

J627 

7678 

7730 

778. 

7832 

5' 

847 

92-    7S83 

5S5 

8088 

8140 

8191 

8342 

8^93 

8345 

5' 

848 

93-    8396 

8498 

8549 

8601 

8652 

8703 

8754 

S805 

93^ 

5' 

849 

93-8908 

8959 

9010 

9061 

9112 

9163 

9215 

9266 

93'7 

5" 

B50 

93-  9419 

9470 

95*' 

9572 

9S23 

9674 

9725 

~9776 

9827 

9879 

51 

8si 

9a-  9930 

998. 

5' 

N 

0 

~T" 

2 

3 

4 

s 

6 

7 

"T^ 

9 

D 

56 


MATHEMATICAL  TABLES. 


N 


8 


852 

l» 

8S4 


93-  

93-  0440 

93-  0949 
93-  1458 


0491 
1000 

1509 


0032 
0542 
105 1 
1560 


0083 
0592 
1 102 
1610 


0134 
0643 

"53 
1661 


0185 
0694 
1203 
1712 


0236 

0745 
1254 

1763 


0287 
0796 

1305 
1814 


0338 
0847 
1356 
1865 


0J89 
0898 
1407 
1915 


865 

856 

857 
858 

859 


93-  1966 

93-  2474 
93-  2981 

93-  3487 
93-  3993 


2017 
2524 
303' 
3538 
4044 


2068 

2575 

3082 

3589 
4094 


2118 
2626 

3133 
3639 
4145 


2169 
2677 
3183 
3690 
4195 


2220 
2727 

3234 

3740 
4246 


2271 

2778 

3285 

3791 
4296 


2322 
2829 

3335 
3841 
4347 


2372 
2879 
3386 
3892 

4397 


2423 
2930 

3437 
3943 
4448 


3 
3 
5 


860 

861 
862 
863 
864 


93-  4498 

93-  5003 

93-  5507 
93-  601 1 

93-  6514 


4549 
5054 
5558 
6061 

6564 


4599 
5104 

5608 

6111 

6614 


4650 

5154 
5658 

6162 

6665 


4700 
5205 

5709 
6212 

6715 


4751 

5255 

5759 
6262 

6765 


4801 

5: 
55 

6815 


4852 

5356 
5860 
6363 
6865 


4902 
5406 
5910 

6413 
6916 


4953 
5457 
5960 

6463 
6966 


S 
5 
9 


865 

866 

867 
868 
869 


93-  7016 
93-  7518 
93-  8019 
93-  8520 
93-  9020 


7066 
7568 
8069 
8570 
9070 


7117 
7618 
8119 
8620 
9120 


7167 
7668 
8169 
8670 
9170 


7217 
7718 
8219 
8720 
9220 


7267 

7769 
8269 

8770 

9270 


7317 
7819 

8319 
8820 
9320 


7367 
7869 
8370 
8870 

9369 


7418 
7919 
8420 
8920 
9419 


7468 

7969 
8470 
8970 
9469 


50 


870 

871 
872 

873 
874 


93-  95 > 9 

94-  0018 

94-  0516 
94-  1014 

94-  15" 


9569 
0068 
0566 
1064 
1561 


9619 
0118 
0616 
1114 
1611 


9669 
0168 
0666 
1 163 
1660 


9719 
0218 

0716 

1213 

1710 


9769 
0267 
0765 
1263 
1760 


9819 

0317 
0815 

1313 
1809 


9869 
0367 
0865 
1362 
1859 


9918 
0417 
0915 
1412 
1909 


9968 
0467 
0964 
1462 
1958 


SO 

SO 
SO 
SO 


875 

876 

^77 
878 

879 


94-  2008 
94-  2504 
94-  3000 

94-  3495 
94-  3989 


2058 

2554 

3049 

3544 
4038 


2107 
2603 

3099 

3593 
4088 


2157 

2653 
3148 

3643 
4137 


2207 
2702 

3198 
3692 
4186 


2256 
2752 
3247 
3742 
4236 


2306 
2801 

3297 

3791 
4285 


2355 
2851 

3346 

3841 

4335 


2405 
2901 

3396 

3890 

4384 


2455 
2950 

3445 
3939 
4433 


50 
50 
49 
49 
49 


880 

881 
882 
883 
884 


94-  4483 
94-  4976 
94-  5469 
94-  5961 
94-  6452 


4532 
5025 

5518 
6010 
6501 


4581 

5074 

5567 
6059 

6551 


4631 
5124 

5616 

6108 

6600 


4680 

5173 
5665 

6157 
6649 


4729 
5222 

5715 
6207 

6698 


4779 
5272 

5764 
6256 

6747 


4828 
5321 
5813 

6305 
6796 


4877 

5370 
5862 

6354 
6845 


4927 

5419 
5912 

6403 
6894 


49 
49 
49 
49 
49 


885 

886 
887 
888 
889 


94-  6943 
94-  7434 
94-  7924 
94-  8413 
94-  8902 


6992 
7483 

7973 
8462 

8951 


7041 

7532 
8022 
851 1 

8999 


7090 
7581 
8070 
8560 
9048 


7140 

7630 
8119 
8609 
9097 


7189 

7679 
8168 

8657 
9146 


7238 
7728 
8217 
8706 

9195 


7287 

7777 
8266 

8755 
9244 


7336 
7826 

8315 
8804 

9292 


7385 

8364 
8853 
9341 


49 
49 
49 
49 
49 


890 

891 
891 
892 

893 
894 


94-  9390 

94-  9878 

95-  

95-  0365 
95-  0851 
95-  1338 


9439 
9926 

0414 
0900 
1386 


9488 
9975 

0462 
0949 

1435 


9536  9585 


0024 
0511 
0997 

1483 


0073 
0560 

1046 
1532 


9634  9683  9731  9780  9829 


0121 
0608 
1095 
1580 


0170 
0657 

1 143 
1629 


0219 
0706 
1 192 
1677 


0267 

0754 
1240 

1726 


0316 
0803 
1289 

1775 


49 
49 
49 
49 
49 
49 


895 

896 

897 

N 


95-  1823 
95-  2308 
95-  2792 


1872 

2356 
2841 


1920 
2405 
2889 


1969 

2453 
2938 


2017 
2502 
2986 


2066 
2550 

3034 


2114 

2599 
3083 


2163 
2647 

3131 


221 1 
2696 
3180 

8 


2260 

2744 
"^228 


32 


48 
48 

D 


LOGARITHMS  OF  NUMBERS 


!     ° 

. 

^ 

3 

4 

5 

6 

7 

S 

9 

D 

t     9S-  3760 

n'M 

34*" 

3905 

3470 
3953 

3518 
4001 

3566 
4049 

S 

W 

3711 
4>94 

1 

>  i  95-  4^43 

4291 

4339 

'A 

4435 
49'8 

4484 

453* 

4SSo 

46*8 

4677 

48 

9S-  4725 

4773 

4li2i 

4966 

5014 

S062 

Siio 

5.58 

48 

95-  5W>7 

5255 

5303 

535 1 

5399 

5447 

5495 

SS43 

559* 

5640 

48 

95-568» 

5736 

57&4 

m^ 

IS? 

59*8 

5976 

6034 

607J 

48 

85-6168 

6216 

6a6j 

6409 

6457 

6ioi 

0553 

66ai 

48 

95-6649 

w 

"^ 

6793 

6S40 

6888 

"^ 

65S, 

703* 

70S0 

48 

95-  7128 

7176 

7224 

7271 

73» 

7368 

7416 

7464 

751* 

7559 

48 

^-^ 

7655 

7703 

775' 

7799 

7847 

7894 

7990 

S03S 

48 

8134 

fiiSi 

S229 

8277 

83*5 

MS. 

iH6S 

S516 

48 

95-S364 

S6i3 

S659 

8707 

S755 

8»03 

8898 

8946 

S994 

48 

95-9041 

90S9 

9'37 

9185 

9*3* 

9*So 

? 

"iT 

9423 

947" 

48 

•5-95"8 

9566 

9614 

9661 

9709 

9757 

9900 

9947 

48 

SS-9995 

48 

96-      .... 

0043 

0138 

ois's 

«33 

0328 

0376 

0423 

4S 

96-  Q471 

051S 

□566 

0613 

0661 

0709 

0756 

oSa4 

0S51 

0899 

48 

96-  ow6 

0994 

1041 

.0S9 

.136 

..84 

1231 

1*79 

1326 

47 

96-  14*1 

1469 

1516 

Is 

1611 

,658 

1706 

'753 

Itol 

.848 

47 

96-  1895 

1943 

1990 

2085 

2132 

*iBo 

**27 

2275 

23*2 

47 

96-  1369 
96*  2843 

2417 

2464 

251: 

^559 

s6o6 

*653 

2701 

274S 

31 

47 

2890 

3937 

2985 

303* 

3079 

3126 

3' 74 

3221 

47 

96-33«6 

3363 

34IO 

3457 

3504 

355* 

3599 

3646 

3693 

3741 

47 

.   96-3788 

3S35 

3882 

3929 

3977 

4024 

4071 

4118 

4165 

41(1 

47 

96-4*60 

4307 

4!^ 

4401 

4448 

r^ 

454* 

4590 

4637 

4684 

47 

96-4731 

4778 

487* 

4919 

50"3 

506. 

5108 

5'5S 

47 

96-  5»i 

5*49 

5343 

5390 

5437 

S4S4 

5531 

5578 

5625 

47 

96-  567* 

5719 

5766 

58.3 

5S60 

5907 

5954 

6ooi 

6C4S 

6095 

47 

96-  6142 

6189 

6236 

6283 

63*9 

ai 

^2 

6470 

6517 

6564 

47 

96-6611 

6658 

6705 

6752 

6799 

6939 

6986 

7033 

47 

96-  7080 

7127 

7"73 

7220 

7267 

7314 

s 

740S 

7454 

7501 

47 

96-  7S48 

7595 

7642 

76S8 

7735 
8*03 

7782 

7)>75 

79** 

7969 

47 

96-S0.6 

SQ6a 

S.09 

8249 

8343 

8390 

8436 

47 

96-  &4S3 

8530 

8576 

8623 

8670 

S7.6 

8763 

8810 

ssse" 

8903 

47 

96-  89SO 

S996 

9043 

9090 

9136 

9183 

9*29 

9*76 

93*3 

? 

47 

96-9416 

94^3 

9509 

9556 

960* 

9649 

969s 

974* 

9789 

47 

9»-9SSa 

99*8 

9975 

47 

97-  

0068 

01 14 

oi6i 

0207 

(«54 

0300 

47 

97-0347 

0393 

0440 

a|86 

0533 

0579 

ofab 

0671 

0719 

076S 

46 

97-  0811 

0858 

0904 

0951 

0997 

,044 

1090 

"37 

1183 

1229 

46 

97-  1276 

''li 

;§ 

.415 

1461 

I50» 

'iS4 

1601 

inJ 

1693 

4ii 

97-  1740 

1786 

1S79 

i°M 

1971 

2018 

2064 

*'S7 

46 

97-  aK>3 

M49 

"?i 

l^ 

*4J4 

2481 

*>*7 

*573 

26.9 

46 

97-2666 

2712 

2851 

2897 

2943 

2989 

303s 
3497 

3082 
3543 

46 

4* 

97-  3128 

3174 

3MO 

3*66 

3313 

^ 

34"S 

345' 

97-  3590 

3636 

3682 

3728 

3774 

3866 

39"3 

3959 

4005 

46 

97-  405' 

4097 

4143 

4.S9 

4*35 

4*81 

43*7 

^ 

44*0 

4466 

46 

97-  45" 

455S 

4604 

4650 

4696 

474* 

4788 

4880 

49*6 

46 

0 

I 

2 

5 

4 

5 

6 

7 

8 

9 

" 
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N 

o 

I 

2 

3 

4         5 

6 

7 

8 

9 

944 

9?-  497i 

5018 

5064 

5110 

S'S6 

5102 

5»48 

Si-94 

534° 

53«S 

94fi 

97-  5432 

';478 

55^ 

557° 

5616 

5662 

5707 

5753 

5799 

5841 

97-  5891 

5937 

59ST 

6029 

607s 

6121 

6:67 

047 

97-  6350 

6100 

6553 

<3s;9 

602S 

6671 

6717 

lyjb^ 

-MS 

6S14 

69CX5 

6992 

7037 

7119 

949 

73" 

735f 

7403 

7449 

7495 

754' 

75»<^ 

7032 

n»o 

97-  7714 

7769 

781-; 

C, 

7906 

7952 

^l 

8043 

KoSq 

8,„ 

OSt 

97-  S181 

8226 

Slt-I 

8S4<' 

97-  S637 

«6S, 

886s 

Kon 

89S6 

9002 

9HH 

9184 

9366 

tSii 

954 

97-  9S41S 

9594 

9639 

968s 

973" 

9776 

9821 

9912 

Bftfi 

9B-0003 

0140 

0185 

0231 

0276 

0321 

3'; 

0412 

9'i(> 

98-  045M 

0503 

0549 

OS94 

0640 

o68^ 

0730 

0867 

',Ui 

qsS 

gB-  1,60 

H56 

i<;oi 

1W7 

1592 

'637 

.68, 

IIU 

959 

ga-  1819 

1909 

'954 

2(45 

2090 

2"  35 

B60 

=3'6 

2362 

2^85 

j6« 

1678 

q6l 

9B-  2723 

27tc 

28<i9 

2904 

2949 

2994 

S 

3110 

qe2 

9B-  3175 

3220 

33  >o 

m 

3401 

3446 

349' 

Ot.1 

9&-3626 

1671 

37.6 

Vtz 

38>2 

3942 

t:^ 

98-  4077 

412Z 

4211 

W7 

4302 

4347 

439* 

4437 

* 

965 

98-  4527 

4572 

4617 

4662 

4707 

4797 

4842 

48a, 

t% 

A 

98-  4977 

5021 

5112 

5 '57 

5202 

5247 

5392 

5337 

967 

gB-  5426 

547' 

55'6 

5^51 

■;6q6 

5741 

4 

ws 

98-  5875 

S9I0 

5965 

6189 

a 

6279 

969 

98-634 

t>369 

64.3 

6458 

6503 

6548 

6593 

6637 

4 

370 

6S17 

6861 

6906 

6qs. 

69P6 

708s 

?^ 

71'>8 

7612 

gB-7666 

7756 

784^ 

So^ 

gB-  8„3 

S.S7 

8291 

'^t 

81M1 

B42S 

8«o 

85 '4 

974 

gB-  S559 

Sba, 

ito4K 

8093 

8737 

8M71 

«9ll. 

45 

97B 

98-  9005 

9049 

9094 

9138 
9S8l 

9'Sj 

9227 

9272 

9316 

0161 

9405 

45 

98-  9430 

9494 

9539 

9628 

9(-72 

97'7 

98  so 

44 

fV7 

9939 

9983 

44 

f77 

99-  

0028 

0072 

0117 

0161 

0350 

0294 

44 

99-  0339 

0827 

X 

0472 

0516  ;  0561 

OM, 

0650 

?.& 

44 

979 

99-  07S3 

1049 

1093 

'■37 

44 

980 

99-  1226 

1270 

:i;s 

\s 

1403 1  M48 
18*6  ;  1890 

1492 

'536 

.(80 

.62s 

44 

99-   '669 

1979 

44 

9M 

99-  2111 

21st. 

2244 

mi 

2421 

146s 

44 

9«1 

99-  2554 

2598 

264a 

2730  1  2774 

2863 

33 

2951 

4* 

99-  1995 

3039 

3127 

3172  1  3216 

3304 

339* 

44 

BS5 

99-  3436 

I4S0 

15*4 

■,^68 

16. 3 

3657 

370' 

3745 

178<1 

^811 

44 

99-  3S77 

3921 

3965 

4.309 

40>1 

4097 

4141 

4«q 

4273 

S^ 

99-  4757 

4toi 

4845 

4889 

4933 

4977 

501 1 

506S 

jloS 

■liSa 

44 

99-  S196 

5240 

5284 

53*B 

5372 

54'b 

S460 

5504 

5547 

5591 

44 

N 

^ 

I 

2 

3 

4 

S 

6 

7 

S 

9 

D 
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k 

o 

I 

2 

3 

4 

5 

6 

7 

S 

9 

D 

0 

»-5^5S 

5679 

5755 

5767 

5S11 

5S54 

5S9S 

594a 

59S6 

^^1 

44 

I 

m-  6074 

61 17 

6161 

63C^ 

6249 

«>293 

t>^S7 

^5% 

t>4a4 

64^8 

44 

z 

m-  6512 

*>555 

65;oQ 

6643 

66S7 

^^H 

6774 

6S1S 

6S62 

6906 

44 

* 

99-  6940 

t399S 

7037 

7060 

7»24 

7i6S 

7212 

725s 

7if99 

7343  ' 

44 

^ 

7430 

7S^7 

7474 
7010 

7517 

7954 
S390 

7561 
799S 

76<^ 

7^4& 

7t>92 

7736 

7779 

44 

1 

ScHi 

SoSs 

Si  29 

Si  72 

S216  ' 

44 

1 

9^  &2^fi 

^305 

S347 

^34 

&477 

S^2l 

S564 

S60S 

86;;2 

44 

»-s~^ 

«739 

S7&2 

KK26 

8S0Q 

iS 

Sos6 

90cx> 

9iH3 

90S7  1 

44 

»-  9151 

9174 

921s 

92t>X 

9y>s 

9392 
9&26 

6 

94^*; 

9479 

9522  1 

44 

»-  SS^ 

060Q 

9652 

9696 

9739 

I97S3 

1 

9S70 

7 

9913 

9957 

43 
D 

1 

0 

I 

2 

<* 

0 

4 

S 

9 

6o 
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TABLE   No.   IL— HYPERBOLIC  LOGARITHMS    OF    NUMBERS 

FROM    1. 01   TO  30. 


Number. 

Logarithm. 

Number. 

Logarithm. 

Number. 

Logarithm. 

Number. 

LogarithsB. 

I.OI 

.0099 

1.36 

.3075 

I.7I 

.5365 

2.06 

.7227 

1.02 

.0198 

137 

.3148 

1.72 

•5423 

2.07 

.7275 

1.03 

.0296 

1.38 

.3221 

173 

•5481 

2.08 

.7324 

1.04 

.0392 

139 

.3293 

1.74 

.5539 

2.09 

.7372 

'•05 

.0488 

1.40 

.3365 

'•75 

•5596 

2.10 

.7419 

1.06 

•0583 

I.4I 

.3436 

1.76 

.5653 

2. II 

.7467 

1 

1  1.07 

.0677 

1.42 

•3507 

1.77 

•5710 

2.12 

.7514 

1.08 

.0770 

143 

•3577 

1.78 

.5766 

2.13 

.7561 

1.09 

.0862 

1.44 

.3646 

1-79 

.5822 

2.14 

.7608 

1. 10 

•0953 

^•45 

•3716 

1.80 

.5878 

2^i5 

•7655 

1. 11 

.1044 

1.46 

.3784 

1.81 

•5933 

2.16 

.7701 

1. 12 

'^^33 

1.47 

.3853 

1.82 

.5988 

2.17 

.7747 

'•13 

.1222 

1.48 

.3920 

1.83 

.6043 

2.18 

.7793 

1. 14 

.1310 

1.49 

.3988 

1.84 

.6098 

2.19 

•7839 

^•i5 

.1398 

^•50 

•4055 

1.85 

.6152 

2.20 

.7885 

1. 16 

.1484 

^•51 

.4121 

1  1.86 

.6206 

2.21 

•7930 

1.17 

.1570 

152 

.4187 

1.87 

.6259 

2.22 

•7975 

1. 18 

•1655 

1-53 

•4253 

1.88 

'^3^3 

2.23 

.8020 

1. 19 

.1740 

1-54 

.4318 

1.89 

.6366 

2.24 

.8065 

1.20 

.1823 

1-55 

•4383 

1.90 

.6419 

2.25 

.8109 

1. 21 

.1906 

1.56 

•4447 

1.91 

.6471 

2.26 

.8154 

1.22 

.1988 

^•57 

•45 1 1 

1.92 

•6523 

2.27 

.8198 

1.23 

.2070 

1.58 

•4574 

193 

•6575 

2.28 

.8242 

1.24 

.2151 

1-59 

.4637 

1.94 

.6627 

2.29 

.8286 

^•25 

.2231 

1.60 

.4700 

1-95 

.6678 

2.30 

.8329 

1.26 

.2311 

1.61 

.4762 

1.96 

.6729 

2.31 

.8372 

1.27 

.2390 

1.62 

.4824 

1.97 

.6780 

2.32 

.8416 

1.28 

.2469 

1.63 

.4886 

1.98 

.6831 

2.33 

.8458 

1.29 

.2546 

1.64 

•4947 

1.99 

.6881 

2.34 

.8502 

1-30 

.2624 

1.65 

.5008 

2.00 

1 

.6931 

2.35 

.8544 

'•31 

.2700 

1.66 

.5068 

2.01 

.6981 

2.36 

.8587 

1.32 

.2776 

1.67 

.5128 

2.02 

•7031 

2.37 

.8629 

^'33 

.2852 

1.68 

.5188 

2.03 

.7080 

2.38 

.8671 

1.34 

.2927 

1.69 

•5247 

2.04 

.7129 

2.39 

.8713 

135 

.3001 

1.70 

•5306 

2.05 

.7178 

2.40 

.8755 
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Nnkrj  l.<«»uhm. 

Nlunba. 

L«e«ohB. 

n™^. 

Lr(«ilho,. 

»„u.. 

IflguUhn. 

2.44 
»-4S 

.8796 
.8838 
.8879 

J.81 

III 
=.85 

1.0332 
1.0367 
1.0403 

1.0438 
"■0473 

3.21 
3.22 
3-23 
3-*4 

3-^5 

1.1663 

1.1694 
1.1725 
1.1756 

...787 

3.6. 
362 
3.63 
3.64 
3.65 

1.2837 
1.2865 
1.2892 
I.Z92D 

1.2947 

2.46 

'■47 
i.48 
i.49 

.9002 
.9042 
.9083 
.9123 
.9163 

2.86 

>8; 
3.88 

2.8, 

2.90 

1.0508 
I-OS43 
1-0578 
1. 0613 
1.0647 

3-=6 

3-27 
3-38 

330 

..-817 
1.1848 
1.1878 
1.1909 
1-1939 

3.66 
367 
3.68 
3.69 
3.70 

1.2975 
1.3002 
1.3029 
1.3056 
1.3083 

'-54 
'•55 

.9203 
-9'43 
.9282 
.9322 
.9361 

2.91 
2.92 
2.93 

2.94 
'■9S 

1.0682 

t.0716 

1.0784 

1.0818 

331 
332 
3-33 

3-34 
3-35 

1. 1969 

I.  1999 
1.2030 
1.2060 
I.ZO9O 

3-71 
3.72 
3.73 
3.74 
3.75 

1.3110 
■■3137 
1.3164 
1.3191 
1.3218 

1.56 
»-57 
'■58 

i.6o 

.9400 
.9439 
.9478 
■9517 
■9555 

2.96 
2.97 
2.98 
2.99 
3.00 

1.0852 
1.0886 
1.0919 
1-0953 
1.0986 

3-36 
3-37 
3-38 
3-39 

3-40 

I.2II9 
1.2149 

I.2I79 
1.2208 
1.2238 

3.76 
377 
3.78 
3.79 
3.S0 

1.3244 
1.3271 
13297 
1.3324 
1335° 

3.61 
1.62 

1.64 
»-65 

.9670 
.9708 
.9746 

3<" 
3.02 
303 
304 
305 

i.ioig 

1.1119 
I.IISI 

3-41 

3-4Z 
3-43 
3-44 
3^45 

1.2267 
1.2296 
1.2326 
1-2355 
1-3384 

3.81 

3.a« 
3.83 
3.S4 
3.8s 

■■3376 
1.3403 
1.3429 
1.3455 
1.3481 

3.66 
3.67 
1.68 
..69 
1.70 

•9783 
.9821 
.9858 
■989s 

■9933 

3.06 
3.07 
3-=8 
319 
3"o 

I.. 184 
1.1217 
1.1249 
1.1282 
i-i3'4 

3-46 
3-47 
3^48 
3^49 
350 

1.2413 

1.2442 
1.2470 
1.2499 
1.2528 

3.S6 
3.87 
3.88 
3.S9 
3.90 

1.3507 
1.3533 
■3558 
■3584 
1.3610 

J.71 
2.72 
2.73 
a- 74 
a- 75 

.9969 
1.0006 
1.0043 
1.0080 
1.0116 

3.1' 
3.12 
3-13 
3-14 
3'S 

.-.346 
1.1378 
1.1410 
1.1442 
1.1474 

3^5 ' 
3^53 
3^53 
354 
3-55 

i-'556 

1.26^. 

1.2669 

3.91 

3.9" 
393 
3.94 
3.9s 

1.3635 
1.366. 
1.3686 
1.3712 
1.3737 

..76 
2.77 
a.78 
a.  79 
1.80 

1.0225 
1.0260 
1.0296 

3.'li 

3^i9 

3-20 

1. 1506 
^■i537 
1-1569 

1.1631 

3^56 
3-57 
3-58 
3.59 
3.60 

1.2698 

1.2726 
1.2754 
1.2782 
,.,809 

3.9' 
3.97 
3.98 
3.99 
4.00 

1.3762 
1.3788 
1-38.3 
1.3838 
1.3863 

62 
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Number. 

Logarithm. 

Number. 

Logarithm. 

Number. 

Logarithm. 

Number. 

Logarithm. 

4.01 
4.02 

4.03 
4.04 

4-05 

1.3888 

1-3913 
1-3938 
1.3962 

1.3987 

4.41 
4.42 

4.43 
4.44 
4.45 

1.4839 
1. 486 1 

1.4884 

1.4907 

1.4929 

4.81 
4.82 

4.83 
4.84 
4.85 

1-5707 
1.5728 

1-5748 

1.5769 
1-5790 

5.21 
5.22 

5.23 
5.24 

5.25 

1.6506 

1-6525 
I.6514 

1-6563 
1.6582 

4.06 
4.07 
4.08 
4.09 
4.10 

1. 4012 
1.4036 
1.406 1 
1.4085 
I.4IIO 

4.46 

4.47 
4.48 

4.49 

4.50 

1.4951 

1.4974 
1.4996 

I.5019 

1. 5041 

4.86 

4.87 
4.88 

4.89 
4.90 

I.581O 

I-583I 

I-5851 
1.5872 

1.5892 

5.26 

5-27 
5.28 

5.29 
5.30 

1. 6601 
1.6620 
1.6639 
1.6658 
1.6677 

4.II 
4.12 

4.13 
4.14 

4.15 

I.4134 

I.4159 
I.4183 

1.4207 

I.423I 

4.51 
4.52 
4.53 
4.54 

4-55 

1.5063 

1.5085 
I.5107 

I.5129 
I.515I 

4.91 
4-92 
4.93 

4-94 
4-95 

I-5913 

1-5933 
1-5953 
1.5974 
1.5994 

5.31 
5.32 

5.33 
5.34 
5.35 

1.6696 
I.6715 

1.6734 
1.6752 

I.6771 

4.16 

4.17 
4.18 

4.19 

4.20 

1.4255 
1.4279 

1.4303 
1-4327 
1.435  I 

4.56 
4.57 
4.58 

4.59 

4.60 

• 

1.5173 

I.5195 

I.5217 

1.5239 
I.5261 

4.96 

4.97 
4.98 

4.99 
5.00 

1. 6014 
1.6034 
1.6054 
1.6074 
1.6094 

5.36 

5.37 
5-38 

5-39 
5.40 

1.6790 
1.6808 
1.6827 
1.6845 
1.6864 

4.21 
4.22 

4.23 
4.24 

425 

1.4375 
1.4398 

1.4422 

1.4446 

1.4469 

4.61 
4.62 

4.63 
4.64 

4.65 

1.5282 

1.5304 
1.5326 

1.5347 
1.5369 

501 
5.02 

5.03 
5.04 
5.05 

1.6114 
1.6134 

1.6154 
1.6174 

1. 6194 

5.41 
5.42 

5.43 
5.44 
5.45 

1.6882 
1. 6901 
1. 6919 
1.6938 
1.6956 

4.26 
4.27 
4.28 
4.29 

4-30 

1.4493 
1.4516 

1.4540 

1.4563 
1.4586 

1  4.66 
4.67 
4.68 
4.69 
4.70 

1.5390 
I.5412 

1.5433 
1.5454 
1.5476 

5.06 

5.07 
5.08 

5.09 
5-IO 

1. 6214 
1.6233 
1.6253 
1.6273 
1.6292 

5.46 

5.47 
5.48 

5.49 
5.50 

1.6974 
1.6993 
I.70II 
1.7029 
1.7047 

4.31 
432 
4.33 
4.34 
4.35 

1.4609 

1.4633 
1.4656 

1.4679 

1.4702 

4.71 
4.72 

4.73 
4.74 
4-75 

1-5497 
1.5518 

1-5539 
1-5560 

1-5581 

5.11 
5.12 

5.13 
5-14 
5-15 

1. 6312 
1.6332 

1-6351 
1.6371 

1.6390 

5.51 

5.52 

5-53 
5-54 
5-55 

1.7066 
1.7084 
1. 7102 
1. 7120 
I.7138 

4-36 

4.37 
4.38 

4.39 
4.40 

1.4725 
1.4748 
1.4770 

1-4793 
1.4816  ; 

1 

4.76 

4.77 
4.78 

4.79 
4.80 

1.5602 
1.5623 
1.5644 

1.5665 
1.5686 

5.16 

5.17 
5.18 

5.19 
5.20 

1.6409 
1.6429 
1.6448 
1.6467 
1.6487 

5.56 

5.57 

5.58 

5-59 
5.60 

1. 7156 

I.7174 
I.7192 

1. 7210 

1.7228 
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Sjabtr.    Li^ahihin.   1 

Naiober. 

L^rilluiL 

Nuinb<r 

Loguitlim. 

Nuiubcr. 

LogariUuru 
I.9184 

Ki 

1  1-7246 

6.01 

■•7934 

6.41 

I.S579 

6.8, 

!•«' 

'■T^3 

6.02 

1-7951 

642 

1.8594 

6.8j 

1.9199 

iH 

1-7.8, 

6.03 

1-7967 

643 

1.8610 

6.83 

1.9213 

i'4 

"7299 

6.04 

1-7984 

644 

1.8625 

6.84 

1.9338 

5'S 

i-73»7 

6.0s 

1.8001 

645 

1.8641 

6.S5 

1.934a 

5-« 

1-7334 

6.06 

1.80,7 

6.46 

1.8656 

6.86 

1.9257 

t«7 

'-7352 

6.07 

1.8034 

6.47 

1.8672 

6S7 

1.927a 

i.68 

'-7370 

6.08 

,.8050 

6.48 

1.8687 

688 

1.9*86 

5.fc| 

1-738; 

6.09 

,.8066 

6.49 

1.8703 

689 

1.930 1 

5.71 

1.7405 

6.10 

,.8083 

6.50 

..8,18 

6.90 

1.93'S 

1.742a 

6.11 

1.8099 

6.S- 

1.8733 

69, 

1-9330 

57! 

1-7440 

6.12 

,.8,,6 

652 

1.3749 

6.92 

••9344 

5-73 

■-;457 

6.>3 

,8,31 

653 

1.8764 

693 

1.93S9 

5-74 

■-747S 

6.. 4 

,.8,48 

6.54 

1.8779 

694 

1-9373 

S-75 

'-7492 

6.1s 

,.8,65 

6.55 

1.8795 

6.95 

1-9387 

H' 

1-7509 

6.16 

,.8,8, 

6.56 

1.88,0 

6.96 

1.9402 

5-77 

1-7527 

6.17 

,8,97 

6.57 

1.882s 

6-97 

1.9416 

5.7« 

1-7544 

6.18 

I  82,3 

658 

1.8840 

698 

'■9430 

5.79 

.-75S. 

6.15 

1.8229 

6.5, 

,.8856 

6.99 

I-944S 

|5.«o 

1-7579 

6.20 

1.8245 

6.60 

1.887, 

7.00 

1-9459 

5-8" 

■■759' 

6.21 

1.8262 

6.6, 

,.8886 

7.01 

1.9473 

S.8. 

62. 

,.8.78 

6.62 

,.890, 

7.02 

1.9488 

5«3 

1.7630 

6.23 

,.8294 

6.63 

,.89,6 

7.03 

1.950J 

S-«4 

1.7647 

6.24 

,.83,0 

6.64 

,.8,3, 

7,04 

i.9S'6 

S«5 

1-7664 

625 

,.8326 

6.65 

,.8946 

7.0s 

1-9530 

S.8« 

1.7681 

626 

,.8342 

6.66 

,.896, 

7.06 

1-9544 

5.87 

1-7699 

6.27 

,8358 

6.67 

,.8976 

7.07 

1-9559 

5-»» 

1.7716 

6.28 

1.8374 

6.68 

,.899, 

7.08 

1-9573 

5-*) 

1.7733 

6-29 

1.8390 

6.69 

,.9006 

7.09 

1-9587 

5-9= 

1.775= 

6.30 

1.S405 

6.70 

,.902, 

7.10 

1.9601 

5-9' 

•  7766 

6-31 

1.842, 

671 

,.9036 

7.1, 

1. 9615 

,5-9* 

■7783 

6-32 

1.8437 

672 

1-9051 

7.12 

1.9629 

5-93 

,7800 

6.33 

1.8453 

673 

,.9066 

7.13 

1.9643 

M* 

..78.7 

6.34 

1.8469 

6.74 

,.908, 

7.14 

1-9^57 

:>-9s 

1.78.M 

6.35 

1.8485 

6-75 

,-9095 

7-iS 

..9671 

U 

1.7851 

6.36 

1.8500 

6.76 

,-9,,o 

7.16 

1-9685 

>97 

..7867 

6.3; 

1.8516 

6-77 

,-9,25 

7.17 

1.9699 

J9«    1 

1.7884 

6.3a 

■8532 

6.,8 

,.9140 

7.18 

>97'3 

^99 

1.7901 

6-39 

1.8547 

6-79 

,.9'55 

7.19 

1.9737 

ij» 

1.7918 

6-40 

1.8563 

6.80 

,.9,69 

7.20 

1.9741 

MATHEMATICAL  TABLES. 


Numbrr. 

Lcg^Lhro. 

N..b.. 

L«g«i.W 

Nirab... 

i.«««lm. 

N»,» 

Lcprifl 

7.21 

1-9755 

7.61 

1.029s 

8.01 

2.0807 

8.41 

2.119 

7.12 

1.9769 

7.62 

2.0308 

8.02 

2.0819 

8.42 

2.130 

7-23 

1.9782 

763 

2.0321 

8.03 

2.„8j, 

8.43 

2-131) 

7.24 

1.9796 

7.64 

^■■>334 

S.04 

2.0844 

8.44 

2.1331 

7.^5 

1.9810 

7.65 

2.0347 

,   8.0s 

2.0857 

8.45 

2.1341 

7.26 

1.9824 

7.S6 

2.0360 

8.d6 

2.0869 

8.46 

'■'353 

7.27 

1.9838 

7.67 

2.0373 

8.07 

2.0882 

8.47 

■.■36i 

7.28 

1.9851 

7.68 

2.0386 

8.08 

2.0894 

8.48 

'■'in 

7.29 

r-9865 

,.69 

2.0399 

8.09 

2.0906 

S.49 

=..3!) 

7-30 

1.9879 

7-70 

2.0412 

8.10 

2.0919 

8.50 

3.1401 

7-31 

1.9892 

7-71 

2.0425 

1  8.11 

2.0931 

8.51 

2.14W 

7-32 

1.9906 

7.72 

2.0438 

8.12 

*-0943 

8.5> 

2.1414 

7-33 

1,9920 

7.73 

2.0451 

813 

2.0956 

8-53 

2.1436 

7-34 

'-9933 

7-74 

2.0464 

8.14 

2.0968 

8.54 

1.144a 

7-35 

1.9947 

!  7.7s 

2.0477 

S.iS 

2.0980 

8.55 

Z-I4S9 

7.36 

1.9961 

7.76 

2.0490 

8.16 

2.0992 

8.56 

2.1471 

7' 3  7 

1.9974 

7.77 

2.0503 

8.17 

2.1005 

8-S7 

2.1483 

7-38 

1.9988 

7.78 

2.0516 

8.18 

2.1017 

8.58 

2.1494 

7-39 

2.0001 

7.79 

2.0528 

S.19 

2.1029 

8.5, 

2.1506 

7.40 

1,0015 

7.80 

2.0541 

8.20 

2.1041 

S.60 

2..S18 

7.41 

z.oozS 

7.8. 

2.0554 

8.2, 

2.1054 

8.61 

2.i5»9 

7.42 

2.0042 

7.82 

2.0567 

8.22 

2.1066 

8.62 

a-tS4» 

7-43 

2.005s 

7.83 

2.0580 

8.23 

2.1078 

8.63 

2-ISS" 

7-44 

7.84 

2.0592 

8.24 

2.iogo 

8.64 

2.1564 

7-45 

2.0082 

7.8s 

2.0605 

8.25 

8.65 

2.1576 

7.46 

3.0096 

7.86 

2.0618 

8.26 

2.1II4 

8.66 

2.1587 

7-47 

2.0  log 

7.87 

2.0631 

8.27 

2.1126 

8.67 

a.  1599 

7.48 

7.88 

2.0643 

8.28 

2.1.38 

8.68 

3.1610 

7.49 

2:0136 

7.89 

2.0656 

8.29 

8.69 

2.161a 

7-S=> 

2.0149 

7.90 

2.o66g 

S.30 

2.1 163 

8.70 

2.1633 

7-S' 

2.oi6z 

7-9> 

2.0681 

8.3. 

2.1175 

8.71 

a.  1645 

7-5^ 

2.0.76 

7.92 

2.0694 

8.32 

2.1187 

8.72 

a.1656 

7-53 

2.0189 

7.93 

2.0707 

8.33 

2.1199 

8.73 

2..668 

7-54 

Z.020Z 

7-94 

2.0719 

8.34 

2.1211 

8.74 

2.1679 

7-55 

"2  IS 

7-95 

2.0732 

8.3S 

2.1223 

8-7S 

2.1691 

7-56 

2.0229 

7.96 

2.0744 

8.36 

i!i'35 

8.76 

2.1703 

7-57 

2.0242 

7.97 

2.07s  7 

8.37 

2.1247 

8.77 

21713 

7-58 

^■°^55 

7.98 

2.0769 

8.38 

2.1258 

8.78 

2.172s 

7-59 

2.0268 

799 

2.0782 

8.39 

2.1270 

8.79 

a- 1736 

7.60 

2.0281 

8.00 

2.0794 

8.40 

2.1282 

8.80 

2.748 

HTFERBOUC  liXIARTTUMS  OF  NUMBERS. 


I  i  ^1759 

r  .  2.1770 

;  '  2.1782 

^  2.1793 

;  i 


2.1815 
2.1827 
2.1838 
2.1849 
2.1861 


9.II 
9.12 

9-13 
9.14 

9-15 


«  9.16 

9-17 
9.18 

9.19 

9.20 


2.1872 
2.1883 
2.1894 
2.1905 
I  2.1917 

2.1928 

i  2I939 
I  2.1950 

i  2.1961 

I  2.1972 

I  2.1983 

I  ^.1994 
'  2.2006 

2.2017 

2.2028 

I  2.2039 
I  2.2050 
',  2.2061 
2.2072 
2.2083 


I 


9.21 
9.22 

9-23 
9.24 

9-25 


1   9-36 

;  9-37 

9.38 

9-39 
9.40 


2.2094 
2.2105 
2.2116 
2.2127 
2.2138 


2.2148 
2.2159 
2.2170 
2.2181 
2.2192 


2.2203 
2.2214 
2.2225 
2.2235 
2.2246 

2.2257 
2.2268 
2.2279 
2.22S9 
2.2300 


2.231 1 
2.2322 
2.2332 
2.2343 
2.2354 


2.2364 

2.2375 
2.23S6 

2.2396 

2.2407 


Number. 


9.41 
9.42 

9-43 
9-44 
9-4S 


9.46 

9-47 
9.48 

9-49 
9.50 


9.56 

9-57 
9.58 

9-59 
9.60 


9.61 
9.62 
9.63 
9l64 
9.65 


9.66 
9u67 
9.6X 


Logarithm,   j  Number.     Logarithm. 


2.2418 
2.2428 
2.2439 
2.2450 
2.2460 


9-71 
9.72 

9.73 
9-74 
9-75 


2.2732 
2.2742 
2.2752 
2.2762 
2.2773 


2.2471 
2.2481 
2.2492 
2.2502 
2.2513 


9.76  .  2.2783 

9-77  2.2793 

9.78  I  2.2803 

I  9-79  ;  2.2814 

9.80  '  2.2824 


9-51 

2.2523 

9.81 

9.52 

2.2534 

9.82 

9-53 

2.2544 

9-»3 

9-54 

2.2555 

9-84 

9-55 

2-2565 

9.85 

2.2576 

2.2586 

2.2597 

2.2607 

18 


I 


2.2628 
2-2638 


2.2659 


9.86 

9^7 
9.8S 

9.^ 
9,9c 


9^1 
9^92 

9« 


2.2834 
2.2844 
2.2854 
2.2865 
2.2875 

2.2885 
2.2895 

2.29C5 
2.2^x5 


2.2535 

2-254^ 

2.Ziy^ 


2L26ic       5..^      z.2«yb( 


vji    t^r-^^ 


j.yai 


2.5455      i>5c 

2.5649   '  ii.3 

2.5E40     r  I^  5 


2A211     i  17-3 
z.6^fi    •  lijs 

2-fe^         1I.5 


2.rr2!i 

2-fc^ 

2.tn^ 

2.f«S« 


21-^ 
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TABLE  No.  IIL— NUMBERS,  OR  DIAMETERS   OF   CIRCLES,  CHU- 
CUMFERENCES,  AREAS,  SQUARES,  CUBES,  SQUARE  ROOT^  - 
AND   CUBE   ROOTS. 


Number, 

or 
Diameter. 


I 

2 

3 

4 

5 
6 

7 
8 

9 
zo 

II 

12 

13 
14 

15 
i6 

17 
i8 

19 
20 

21 

22 

23 
24 

25 
26 

27 

28 

29 

30 
31 
32 
33 
34 

35 
36 

37 

38 

39 
40 

41 
42 


Circum- 
ference. 


3.I416 
6.28 
9.42 

12.57 

15-71 
18.85 

21.99 

25-13 
28.27 

31-42 
34.56 

37-70 
40.84 

4398 
47.12 

50.26 

53-41 

56.55 

59-69 
62.83 

65-97 
69.11 

72.26 

75-40 

78.54 
81.68 

84.82 

87.96 

91. II 

94-25 

97-39 

100.53 

103.67 
106.81 
109.96 
1 13. 10 
116.24 
119.38 
122.52 
125.66 
128.80 

131-95 


Circular 
Area. 

0.7854 

3-14 

7.07 

12.57 

19.63 

28.27 

38.48 

50.27 

63.62 

78.54 

9503 
113-10 

132.73 

153-94 

176.71 

201.06 

226.98 

254.47 

283.53 

3M.i6 

346.36 
380.13 

415.48 

452.39 

490.87 

530.93 

572.56 

615.75 

660.52 

706.86 

754.77 
804.25 

855-30 
907.92 

962.11 

...   1017.88 

1075.21 

...   1 134. 1 1 

1194.59 
...   1256.64 

1320.25 
...   1385.44 


Square. 


Cube. 


4 

9 
16 

25 
36 

49 
64 
81 
100 
121 
144 
169 
196 
225 
256 
289 

324 
361 
400 
441 

484 

529 
576 
625 
676 

729 

784 
841 

900 

961 

1,024 

1,089 

1,156 
1,225 

1,296 

1,369 

1,444 

1,521 
1,600 

1,681 

1,764 


I 
8 

27 
.   64 

125 
.  216 

343 
.  512 

729 
.  1,000 

1,331 

-  1,728 

2,197 

.  2,744 

3,375 

-  4,096 

4,913 

-  5,832 

6,859 
.  8,000 

9,261 

10,648 

12,167 

13,824 
15,625 
17,576 
19,683 

21,952 

24,389 
27,000 

29,791 

32,768 

35,937 

39,304 

42,875 
46,656 

50,653 
54,872 

59,319 
64,000 

68,921 

74,088 


Square 
Root. 


1. 000 
I.414 

1.732 
2.000 

2.236 

2.449 

2.645 

2.828 

3.000 

3.162 

3.316 

3464 
3605 

3.741 
3.872 

4.000 

4-123 

4.242 

4-358 
4.472 
4.582 
4.690 

4.795 
4.898 

5.000 

5.099 
5.196 

5.291 
5.385 

5-477 
5-567 
5.656 
5-744 
5-830 
5.916 
6.000 
6.082 
6.164 
6.244 
6.324 
6.403 
6.480 


Cole 
Root. 


I.OOO 
1.259 

1.442 

1.587 
1.709 

I.817 

I.913 

2.000 

2.080 

2.154 
2.223 

2.289 

2.351 
2.410 

3.466 

2.519 

2.571 
2.620 

2.668 

2.714 

2.758 
2.802 

2.843 

2.884 

2.924 

2.962 

3.000 

3-036 
3.072 

3-107 
3-141 
3-174 
3.207 

3239 
3-271 
3.301 
3.332 
3-361 
3-391 
3-419 
3-448 
3-476 


4 

3 


NUMBERS,   OR  DIAMETERS  OF  CIRCLES,  &c. 
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1  Number. 

1 

Grcum- 

Circular 

Square. 

Cube. 

Square 

Cube 

Daaeter. 

Area. 

Root. 

Rooc 

43 

135-09 

1452.20 

1,849 

79,507 

6.557 

3-503 

44 

13^23 

...     1520.53 

...    1,936 

85,184 

6.633 

3.530 

45 

141.37 

1590.43 

2,025 

91,125 

6.708 

3.556 

46 

144.51 

...     1661.90 

...    2,116 

97,336 

6.782 

3.583 

47 

147.65 

1734.94 

2,209 

103,823 

6.855 

3.608 

48 

150.80 

...     1809.56 

...    2,304 

110,592 

6.928 

3-634 

49 

153.94 

1885.74 

2,401 

117,649 

7.000 

3.659 

5« 

157.08 

...     1963.50 

...    2,500 

125,000 

7.071 

3.684 

5« 

160.22 

2042.82 

2,601 

132,651 

7.I4I 

3.708 

5» 

163.36 

...    2123.72 

...    2,704 

140,608 

7. 211 

3.732 

53 

166.50 

2206.18 

2,809 

148,877 

7.280 

3.756 

54 

169.65 

...    2290.22 

...    2,916 

157,464 

7.348 

3-779 

55 

172.79 

2375-83 

3>025 

166,375 

7.416 

3.802 

56 

17593 

...    2463.01 

...  3*136 

I75»6i6 

7-483 

3.825 

57 

179.07 

255176 

3»249 

185,193 

7.549 

3.848 

58 

182.21 

...    2642.08 

...  3*364 

i95»"2 

7-615 

3.870 

59 

185.35 

2733.97 

3,481 

205,379 

7.681 

3.892 

60 

188.50 

...    2827.43 

...  3,600 

216,000 

7-745 

3-914 

61 

191.64 

2922.47 

3,721 

226,981 

7.810 

3-936 

63 

194.78 

...    3019.07 

...  3,844 

238,328 

7.874 

3.957 

63 

197.92 

3II7.25 

3,969 

250,047 

7.937 

3.979 

64 

201.06 

...    3216.99 

...  4,096 

262,144 

8.000 

4.000 

65 

204.20 

3318.31 

4,225 

274,625 

8.062 

4.020 

66 

207.34 

...    3421.19 

...  4,356 

287,496 

8.124 

4.041 

67 

210.49 

352565 

4,489 

300,763 

8.185 

4.061 

68 

21363 

...    3631.68 

...  4,624 

3U,432 

8.246 

4.081 

69 

216.77 

3739.28 

4,761 

328,509 

8.306 

4.101 

70 

219.91 

...    3848.45 

...  4,900 

343,000 

8.366 

4.121 

71 

223.05 

3959-19 

5,041 

357,911 

8.426 

4.140 

7* 

226.19 

...    4071.50 

...  5,184 

373,248 

8.485 

4.160 

73 

229.34 

4185.39 

5,329 

389,017 

8.544 

4.179 

74 

232.48 

...    4300.84 

...  5,476 

405,224 

8.602 

4.198 

75 

235.62 

4417.86 

5,625 

421,875 

8.660 

4.217 

76 

238.76 

...    4536.46 

•••  5,776 

438,976 

8.717 

4.235 

77 

241.90 

4656.63 

5,929 

456,533 

8.744 

4.254 

78 

245.04 

...    4778.36 

...  6,084 

474,552 

8.831 

4.272 

79 

248.19 

4901.67 

6,241 

493,039 

8.888 

4.290 

80 

251.33 

...    5026.55 

...  6,400 

512,000 

8.944 

4.308 

81 

254.47 

515300 

6,561 

531,441 

9.000 

4.326 

82 

257.61 

...    5281.02 

...  6,724 

551,368 

9-055 

4.344 

83 

260.75 

5410.61 

6,889 

571,787 

9. 1 10 

4.362 

84 

263.89 

...    5541.77 

...  7,056 

592,704 

9.165 

4.379 

85 

267.03 

5674.50 

7,225 

614,125 

9.219 

4.396 

86 

270.18 

...    5808.80 

...  7,396 

636,056 

9-273 

4.414 

87 

273-32 

5944.68 

7,569 

658,503 

9.327 

4.431 

88 

276.46 

...    6082.12 

...  7,744 

681,472 

9.380 

4.447 

89 

279.60 

6221.14 

7,921 

704,969 

9-433 

4.461 

90 

282.74 

1 

...    6361.73 

/ 

...  8,100  J 

729,000  \ 

9.486 

4.481  \ 
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MATHEMATICAL  TABLES. 


Number, 

Orcum- 

Circular 

S^oare. 

Cube. 

Square 

Cd» 

Dtameter. 

ference. 

Area. 

Rooc 

WSM^Kt 

91 

285.88 

6503.88 

8,281 

753,571 

9-539 

4.49; 

92 

289.03 

...    6647.61 

...    8,464 

778,688 

9.591 

4-5«i 

93 

292.17 

6792.91 

8,649 

804,357 

9.643 

4-sy 

94 

«95-3i 

...   6939.78 

...    8,836 

830,584 

9-695 

4-54^ 

95 

298^5 

7088.22 

9.025 

857,375 

9.746 

4-S6a 

96 

301-59 

...    7238.23 

...    9,216 

884,736 

9.797 

4-57« 

97 

304.73 

7389.81 

9.409 

912,673 

9.848 

4-594 

98 

307.88 

...    7542.96 

...    9,604 

941,192 

9.899 

4j6io 

99 

311.02 

7697.69 

9,801 

970,299 

9.949 

4.626 

zoo 

314.16 

...    7853.98 

...10,000 

...    1,000,000 

laooo 

4-641 

lOI 

317.30 

8011.85 

10,201 

^,030,301 

10.049 

4.657 

102 

320.41 

...    8171.28 

...10,404 

...    1,061,208 

10.099 

4-672 

103 

323.58 

8332.29 

10,609 

1,092,727 

10.148 

4.687 

104 

326.73 

...    8494.87 

...10,816 

...    1,124,864 

10.198 

4.702 

105 

329.87 

8659.01 

11,025 

M57,625 

10.246 

4.717 

106 

333.01 

...    8824.73 

...11,236 

...  1,191,016 

10.29s 

4-732 

107 

336.15 

8992.02 

11,449 

1,225,043 

10.344 

4-747 

loS 

339.29 

...    9160.88 

...11,664 

...  1,259,712 

10.392 

4-762 

109 

342.43 

9331.32 

11,881 

1,295,029 

10.440 

4-776 

zzo 

345-57 

-.    9503-32 

...12,100 

•^.  1,331,000 

ia488 

4-791 

III 

348.72 

9676.89 

12,321 

^367.631 

10.535 

4-805 

112 

351.86 

...    9852.03 

...12,544 

...  1,404,928 

10.583 

4.820 

"3 

355-00 

10028.75 

12,769 

1,442,897 

10.630 

4.834 

114 

358.14 

...10207.03 

...12,996 

...  1,481,544 

10.677 

4.848 

"5 

361.28 

10386.89 

13*225 

1,520,875 

10.723 

4.862 

116 

364.42 

...10568.32 

...i3»456 

...  1,560,896 

10.770 

4.876 

117 

367.57 

10751.32 

13,689 

1,601,613 

10.816 

4-890 

118 

370.71 

...10935.88 

...I3.924 

--•  1,643,032 

10.862 

4-904 

119 

373.85 

III22.02 

14,161 

1,685,159 

10.908 

4.918 

zao 

376.99 

...11309.73 

...14,400 

...  1,728,000 

10.954 

4.932 

121 

380.13 

1 1499.01 

14,641 

1,771,561 

11.000 

4-946 

122 

383.27 

...11689.87 

...14,884 

...  1,815,848 

11.045 

4-959 

123 

386.42 

11882.29 

15.129 

1,860,867 

11.090 

4.973 

124 

38956 

...12076.28 

...15.376 

...  1,906,624 

1 1. 135 

4.986 

"5 

392.70 

12271.85 

15*625 

1,953,125 

11.180 

5.000 

126 

39584 

...12468.98 

...15,876 

...  2,000,376 

11.224 

5.013 

127 

398.98 

12667.69 

16,129 

2,048,383 

11.269 

5.026 

128 

402.12 

...12867.96 

...16,384 

-..  2,097,152 

11.313 

5.039 

129 

405.26 

13069.81 

16,641 

2,146,689 

".357 

5.052 

130 

408.41 

-.-13273-23 

...16,900 

...  2,197,000 

11.401 

S.065 

131 

411.55 

13478.22 

17,161 

2,248,091 

"445 

5.078 

132 

414.69 

...13684.78 

...17,424 

...  2,299,968 

11.489 

5.091 

^33 

417.83 

13892.91 

17,689 

2,352,637 

".532 

5.204 

134 

420.97 

.. .14102.61 

...17,956 

...  2,406,104 

"575 

S."7 

135 

424.11 

14313.88 

18,225 

2,460,375 

11.618 

5.129 

136 

427.26 

...14526.72 

...18,496 

...  2,515,456 

11.661 

5.142 

137 

430.40 

I474I.I4 

18,769 

2,571,353 

11.704 

S.155 

138 

433-54 

...14957.12 

...19,044 

...  2,620,872 

11.747 

5.167 

NUMBERS,   OR   DIAMETERS  OF  CIRCLES,   &c. 
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Somber, 

CflonB- 

drcuUr 

Soixut. 

Cube. 

1 

Square 

Cube 

9M 

,'lAJflKlCr. 

feience. 

Area. 

*'^.^.".~ 

Kooc 

RooL 

i  m 

436.68 

15174.68 

i9»32i 

2,685,619 

11.789 

5.180 

140 

439-82 

•••I5393-80 

...19,600 

...  2,744,000 

11.832 

5.192 

141 

442.96 

15614.50 

19,881 

2,803,221 

11.874 

5.204 

143 

446.11 

.15836.77 

...20,164 

...  2,863,288 

II. 916 

5-217 

143 

44925 

16060.61 

20,449 

2,924,207 

11.958 

5.229 

144 

452.39 

...16286.02 

...20,736 

...  2,985,984 

12.000 

5.241 

145 

455-53 

16513.00 

21,025 

3,048,625 

12.041 

5.253 

146 

458-67 

.16741.55 

...21,316 

...  3,112,136 

12.083 

5-265 

147 

461.81 

16971.67 

21,609 

3,176,523 

12.124 

5.277 

148 

464.96 

...17203.36 

...21,904 

...  3,241,792 

12.165 

5.289 

149 

468.10 

1 7436.62 

22,201 

3,307,949 

12.206 

5.301 

150 

471.24 

...17671.46 

...22,500 

•••  3,375,000 

12.247 

5-313 

151 

474.38 

17907.86 

22,8oi 

3,442,951 

12.288 

5.325 

152 

477.52 

...18145.84 

...23,104 

...  3,5 ",808 

12.328 

5.336 

I  153 

48a  66 

18385.39 

23*409 

3,581,577 

12.369 

5.348 

»54 

485.80 

...18626.50 

...23,716 

...  3,652,264 

12.409 

5-360 

»55 

486.95 

18869.19 

24,025 

3,723,875 

12.449 

5.371 

156 

490-09 

...19113.45 

.24,336 

...  3,796,416 

12.489 

5.383 

»57  \ 

493-23 

19359.28 

24,649 

3,869,893 

12.529 

5.394 

158  . 

496.37 

...19606.68 

...24,964 

•••  3,944,312 

12.569 

5.406 

159 

499-51 

19855.65 

25,281 

4,019,679 

12.609 

5.417 

x6o 

502.65 

...20106.19 

...25,600 

•••  4,096,000 

12.649 

5-428 

161 

505-80 

20358.34 

25,921 

4,173,281 

12.688 

5.440 

163   ] 

508.94 

...20611.99 

...26,244 

•••  4,251,528 

12.727 

5.451 

163 

512.08 

20867.24 

26,569 

4,330,747 

12.767 

5.462 

164 

515-22 

...21124.07 

...26,896 

...  4,410,944 

12.806 

5.473 

165 

518.36 

21382.46 

27,225 

4,492,125 

12.845 

5.484 

166 

521.50 

...21642.43 

...27,556 

•••  4,574,296 

12.884 

5-495 

167 

524.65 

21903.97 

27,889 

4,657,463 

12.922 

5.506 

168 

527.79 

...22167.08 

...28,224 

•••  4,741,632 

12.961 

5.517 

169 

530.93 

22431.76 

28,561 

4,826,809 

13.000 

5.528 

Z70 

534.07 

...22698.01 

...28,900 

•-•  4,913,000 

13.038 

5.539 

171 

537.21 

22965.83 

29,241 

5,000,211 

13076 

5-550 

172 

540.35 

.  .23235.22 

...29,584 

...  5,088,448 

13.114 

5.561 

173 

543-50 

23506.18 

29,929 

5,177,717 

13.152 

5.572 

174 

546.64 

...23778.71 

...30,276 

...  5,268,024 

13.190 

5.582 

175 

549-78 

24052.82 

30,625 

5,359,375 

13228 

5.593 

176 

552.92 

...24328.49 

...30,976 

•••  5,451,776 

13.266 

5.604 

«77 

556.06 

24605.79 

31,329 

5,545,233 

13304 

5.614 

178 

559.20 

...24884.56 

...31,684 

-  5,639,752 

13341 

S.625 

»79 

562.34 

25164.94 

32,041 

5,735,339 

13.379 

5.635 

z8o 

565.49 

...25446.90 

...32,400 

...  5,832,000 

13.416 

5.646 

181 

568.63 

25730.43 

32,761 

5,929,741 

13.453 

5.656 

182 

571.77 

...26015.53 

••33,124 

...  6,028,568 

13.490 

5.667 

183 

574.91 

26302.20 

33,489 

6,128,487 

13.527 

5.677 

184 

578.05 

...26590.44 

..•33,856 

...  6,229,504 

13564 

5.687 

185 

581.19 

26880.25 

34,225 

6,331,625 

13.601 

5.698 

i«6  II 

584.34 

...27171.63 

...34,596 

...  6,434,856 

13.638 

5.708 
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MATHEMATICAL  TABLES. 


Number, 

or 
Dumttor. 

Qreum- 
ferenoc 

Circular 
Area. 

Squaics. 

CWbe. 

kMuute 
Root. 

283 

889.07 

62901.75 

80,089 

22,665,187 

16.822 

6.5I 

284 

892.21 

.-63347-07 

...80,656 

...22,906,304 

16.852 

6.51 

285 

895-35 

6379397 

81,225 

23,149,125 

16.881 

6.51 

286 

898.49 

...64242.43 

...81,796 

.23,393,656 

16.91 1 

6.51 

287 

901.64 

64692.46 

82,369 

23,639,903 

16.941 

6.59 

288 

904.78 

...65144.07 

...82,944 

...23,887,872 

16.970 

6.60 

289 

907.92 

65597-24 

83*521 

24.137,569 

17.000 

6.61 

290 

911.06 

...66051.99 

...84,100 

...24,389,000 

17.029 

6.61. 

291 

914.20 

66508.30 

84,681 

24,642,171 

17.059 

6.6t' 

292 

917-34 

...66966.19 

...85,264 

...24,897,088 

17.088 

6.63. 

293 

920.49 

67425-65 

85,849 

25.153,757 

I7.II7 

6.641 

294 

92363 

...67886.68 

...86,436 

...25,412,184 

17.146 

6.645 

295 

926.77 

68349.28 

87,025 

25.672,375 

17.176 

6.65} 

296 

929.91 

...68813.45 

...87,616 

...25,934,336 

17.205 

6.664 

297 

933.05 

69279.19 

88,209 

26,198,073 

17.234 

6.67s 

298 

936.19 

...69746.50 

...88,804 

...26,463,592 

17.263 

6.679 

299 

939.34 

70215.38 

89,401 

26,730,899 

17.292 

6.687 

300 

942.48 

...70685.83 

...90,000 

...27,000,000 

17.320 

6.694 

301 

945.62 

71157.86 

90,601 

27,270,901 

17.349 

6.701 

302 

948.76 

...71631.45 

...91,204 

...27,543,608 

17.378 

6.709 

303 

95190 

72106.62 

91,809 

27,818,127 

17.407 

6.717 

304 

95504 

...72583-36 

...92,416 

...28,094,464 

17.436 

6.714 

305 

958.19 

73061.66 

93,025 

28,372,625 

17.464 

6.73« 

306 

961.33 

-73541-54 

.•93,636 

...28,652,616 

17.493 

6.739 

307 

964.47 

74022.99 

94,249 

28,934,443 

17.521 

6.746 

308 

967.61 

...74506.01 

...94,864 

...29,218,112 

17.549 

6.753 

309 

970.75 

74990.60 

95,481 

29,503,629 

17.578 

6.761 

310 

97389 

-75476.76 

...96,100 

...29,791,000 

17.607 

6.768 

3" 

97703 

75964.50 

96,721 

30,080,231 

17.635 

6.77S 

3" 

980.18 

...76453-80 

-.97,344 

•..30,371,328 

17.663 

6.781 

313 

98332 

76944.67 

97,969 

30,664,297 

17.692 

6.789 

314 

986.46 

-77437-12 

...98,596 

...30,959,144 

17.720 

6.797 

315 

989.60 

77931-13 

99,225 

31,255,875 

17.748 

6.804 

316 

992.74 

...78426.72 

...99,856 

--31,554,496 

17.776 

6.81 1 

317 

995-88 

78923.88 

100,489 

31,855,013 

17.804 

6.818 

3i3 

999.03 

...79422.60 

101,124 

...32,157,432 

17.832 

6.816 

319 

1002.17 

79922.90 

101,761 

32,461,759 

17.860 

6.833 

320 

1005.31 

...80424.77 

102,400 

...32,768,000 

17.888 

6.839 

321 

1008.45 

80928.21 

103,041 

33,076,161 

17.916 

6.847 

322 

1011.59 

...81433.22 

103,684 

•33,386,248 

17.944 

6.854 

323 

1014.73 

81939.80 

104,329 

33,698,267 

17.972 

6.861 

324 

1017.88 

...82447.96 

104,976 

...34,012,224 

18.000 

6.868 

325 

1021.02 

82957.68 

105,625 

34,328,125 

18.028 

6.875 

326 

1024.16 

...83468.98 

106,276 

...34,645,976 

18.055 

6.882 

327 

1027.30 

83981.84 

106,929 

34,965,783 

18.083 

6.889 

328 

1030.44 

...84496.28 

107,584 

-•35,287,552 

18.III 

6.896 

329 

1033.58 

85012.28 

108,241 

35,611,289 

18.138 

6.903 

330 

1036.73 

...85529.86 

108,900 

...35,937,000 

18.166 

6.910 

NUMBERS,  OR  DIAMETERS  OF  CIRCLES,  Ac. 


j^ 

sss: 

•a^ 

Squm- 

Cubc^     j 

fc 

^"^ 



S3' 

1039.87 

86o49-'>t 

109,561 

36,264,691 

18.193 

6.917 

SP 

1043.01 

..86569.73 

110,224 

-36.594,368 

18 

221 

6-924 

sss 

1046.15 

87092.01 

110,889 

36,926,037 

18 

243  1  6.931 

St 

1049.29 

..87615.88 

Wlif 

■■37,259.704 

18 

276  j  6.938 

us 

■oS".43 

88141.31 

37,595,375 

iS 

303  1  6.94s 

]3« 

1055-57 

..8866S.31 

Viiili 

■■37,933.056 

18 

330  6.952 

m 

1058.71 

89196.88 

"3^569 

38.272,753  1 

18 

357 

6-9S9 

us 

1061.86 

-. 89727-03 

114,244 

..38,614,472 

18 

38s 

6.966 

359 

1065.00 

90258.74 

ii4,9>i 

38,958.219 

18 

412 

6973 

3«> 

1068.14 

..9079^03 

115,600 

-39.304.000  1 

18 

439 

6,979 

341 

1071.18 

9 13  26. 88 

116,281 

39,651,821  1 

18 

466 

6.986 

M^ 

1074.41 

..91863.3. 

116,964 

..,40,001.688  ; 

18 

493 

6.993 

HI 

1077-57 

92401.31 

117,649 

40,353,60; 

18 

520 

7.000 

344 

1080.71 

...92940.88 

"8.336 

.,.40,707,584 

18 

547  7-«»7 

345 

.OS3.85 

93482.02 

1 19.0^5 

41,063,625 

18 

574  7.014 

340 

1086.99 

...94024-73 

119,716 

-.  41.421,736 

18 

601  7.020 

347 

1090.13 

94569.01 

120,409 

41,781,923 

18 

628  '  7.027 

348 

1095.77 

...95114.86 

121,104 

...42,144,192 

i3 

655 

7-034 

349 

1096,41 

95661.28 

I  2  1.80  1 

42,508,549 

18 

681 

7.040 

350 

1099.56 

.. .96111.18 

112,500 

...42,875,0°° 

18 

708 

7.047 

351 

1102.70 

96761.84 

123-*OI 

43,243.55' 

18 

735 

7.054 

35a 

1105.84 

...97314.76 

1*3.904 

.,  43,614.208 

18 

762 

7.061 

353 

1  IOS.98 

97867.68 

124,609 

43,986,977 

18 

7S8 

7,067 

354 

1 1 1  a.  1 2 

...98422,96 

125,316 

-.44,36 ',864 

18 

8.5 

7.074 

355 

1115-16 

98979.80 

126,025 

44,738,875 

18 

842 

7,081 

356 

1 118.4 « 

...99S38.za 

126.736 

.,.4S-"8,oi6 

18 

868 

7,087 

357 

ii»i-S5 

100098,21 

1^7,449 

45,499,293 

18 

394 

7.094 

358 

1114-69 

100659.27 

128,164 

...45,882,712 

18 

921 

7,101 

359 

11^7-83 

101222.90 

128,881 

46,268,279 

18 

947 

7107 

360 

1130.97 

101787.60 

129,60a 

...46,656,000 

18 

974 

7.114 

36" 

1134.11 

i°J353-37 

130.321 

47,045,881 

19 

000 

7.120 

36» 

1137.26 

102921.72 

131,044 

■-47,437,928 

19 

026 

7.127 

3«3 

1140.40 

103491-13 

131.769 

47,832,147 

19 

052 

7-133 

3'4 

"43-54 

104062.13 

132,496 

-48,228,544 

19 

079 

7.140 

36s 

1146.68 

104634.67 

i33-"5 

48,627,125 

19 

105 

7.146 

366 

1149.87 

105208.80 

133.956 

...49.027,896 

19 

131 

7^153 

3«; 

MS>.96 

105784.49 

134,689 

49,430,863 

19 

157 

7159 

3M 

1 156..  I 

106361.76 

i3S>424 

...49,836,032 

19 

183 

7.166 

3S9 

>i59-^5 

106940.60 

136,161 

50,243,409 

19 

209  1  7.172  1 

370 

1162.39 

107521-01 

136,900 

...50,653,000 

19 

23s 

71 79 

371 

"65-53 

108102.99 

137.641 

51,064,811 

19 

261 

7-185 

37» 

1 168.67 

108686.54 

138,384 

...51,478,848 

19 

287 

7.192 

373 

117..8J 

109271.66 

139,129 

51,895,117 

'9 

313 

7.198 

374 

1174.96 

109858.3s 

139,876 

..,52,313,624 

19 

339 

7.205 

375 

1178..0 

110446.62 

140,625 

52,734.375 

19 

365 

7.211 

376 

.,81.24 

111036.45 

141.376 

-53,157,376 

19 

39' 

7.218 

377 

1184-38 

111627.86 

142,129 

53.582,633 

19 

416 

7.224 

378 

1187-51 

112210.83 

1+2,884 

...54,010,152 

19.442 

7.830 
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MATHEMATICAL  TABLES. 


Number. 

1 

or 

Circum- 

Circular 

Square. 

Cube. 

Square 

Cob 

Diameter. 

ference. 

Area. 

Rooc 

Root 

379 

1190.66 

II2815.38 

143,641 

54,439,939 

19.468 

7.23 

380 

1193-80 

II34II.49 

144,400 

...54,872,000 

19.493 

7.24 

381 

1196.95 

1 14009.18 

145,161 

55,306,341 

19.519 

1'H 

382 

1200.09 

114608.44 

145*924 

•.•55,742,968 

19.545 

7.29 

383 

1203.23 

115209.27 

146,689 

56,181,887 

19.570 

7.26s 

384 

1206.37 

II581I.67 

147,456 

...56,623,104 

19.596 

7.261 

385 

1209.51 

1 16415.64 

148,225 

57,066,625 

19.621 

7.27! 

386 

1212.65 

II702I.18 

148,996 

...57,512,456 

19.647 

7.281 

387 

1215.80 

117628.30 

149,769 

57,960,603 

19.672 

7.28J 

388 

1218.94 

118236.98 

150,544 

...58,411,072 

19.698 

7.»94 

389 

1222.08 

118847.24 

151,321 

58,863,869 

19.723 

7.299 

390 

1225.22 

119459.06 

152,100 

-•59,319,000 

19.748 

7.306 

391 

1228.36 

120072.46 

152,881 

59,776,471 

19.774 

73" 

392 

1231.50 

120687.42 

153,664 

...60,236,288 

19.799 

7.319 

393 

1234.65 

121303.96 

154,449 

60,698,457 

19.824 

7.32s 

394 

1237.79 

121922.07 

155*236 

...61,162,984 

19.849 

7.331 

395 

1240.93 

122541.75 

156,025 

61,629,875 

19.875 

7.337 

396 

1244.07 

123163.00 

156,816 

...62,099,136 

19.899 

7.343 

397 

1247.21 

123785.82 

157,609 

62,570,773 

19.925 

7.349 

398 

1250.35 

I244IO.2I 

158,404 

-.63,044,792 

19.949 

7.356 

399 

1253-49 

125036.17 

159,201 

63,521,199 

19.975 

7.362 

400 

1256.64 

125663.71 

160,000 

...64,000,000 

20.000 

7.368 

401 

1259.78 

126292.81 

160,801 

64,481,201 

20.025 

7.374 

402 

1262.92 

126923.48 

161,604 

...64,964,808 

20.049 

7.380 

403 

1266.06 

127553-73 

162,409 

65,450,827 

20.075 

7.386 

404 

1269.20 

128189.55 

163,216 

-.65,939,264 

20.099 

7.392 

405 

1272.34 

128824.93 

164,025 

66,430,125 

20.125 

7.399 

406 

1275-49 

129461.89 

164,836 

•66,923,416 

20.149 

7.405 

407 

1278.63 

130100.42 

165,649 

67,419,143 

20.174 

7.411 

408 

1281.77 

130740-52 

166,464 

-•67,911,312 

20.199 

7.417 

409 

1284.91 

I31382.I9 

^67,281 

68,417,929 

20.224 

7.422 

410 

1288.05 

132025.43 

168,100 

...68,921,000 

20.248 

7.429 

411 

I29I.I9 

132670.24 

168,921 

69,426,531 

20.273 

7.434 

412 

1294.34 

133316.63 

169,744 

••69,934,528 

20.298 

7.441 

413 

1297.48 

133964.58 

170,569 

70,444,997 

20.322 

7.447 

414 

1300.62 

I34614.IO 

171,396 

--•70,957,944 

20.347 

7.453 

415 

1303.76 

135265.20 

172,225 

71,473,375 

20.371 

7.459 

416 

1306.90 

135917.86 

173,056 

...71,991,296 

20.396 

7.465 

417 

1310.04 

136572.10 

173,889 

72,5",7i3 

20.421 

7.471 

418 

1313-19 

137227.91 

174,724 

--•73,034,632 

20.445 

7.477 

419 

1316.33 

137885.29 

175,561 

73,560,059 

20.469 

7.483 

420 

1319-47 

138544.24 

176,400 

. . .  74,088,000 

20.494 

7.489 

421 

1322.61 

139204.70  • 

177,241 

74,618,461 

20.518 

7.495 

422 

132575 

139866.85 

178,084 

•••75,151,448 

20.543 

7.501 

423 

1328.89 

140530.51 

178,929 

75,686,967 

20.567 

7.507 

424 

1332.03 

I4II95.74 

179,776 

...76,225,024 

20.591 

7.513 

425 

1335-18 

141862.54 

180,625 

76,765,625 

20.615 

7.518 

426 

1338.32 

142530.92 

181,476 

•..77,308,776 

20.639 

7.524 

NOHBERS,   OR  DIAMETERS   OF  CIRCLES,  fta 


fsst 

Cbofar 

S_ 

a.bt          ^ 

sr 

^ 

1341-46 

143200.86 

182,319 

77,854,483    20 

«7 

75  30 

1344.60 

143872.38 

183,184 

..78,403,75a     20 

688 

7536 

1  1347  74 

144545.46 

184,041 

78.953.589    20 

713 

7.542 

1550.88 

145310.11 

184,900 

..79.507,000    10 

736 

7.548 

1354-03 

145896.35 

185.761 

80,061,991         30 

760 

7-554 

i  '357->7 

146574-15 

186.624 

..80.611,568    30 

785 

7.559 

1360.31 

147253-52 

187,489 

81,181,737    30 

809 

7.565 

!  1363-45 

147934-46 

188,356 

..81,746,504    30 

833 

7.57. 

1366.59 

148616.97 

189,315 

83,313,875    20 

857 

7-577 

1  1369-73 

149301.05 

190,096 

..83,881,856    20 

881 

7-583 

i37*.88 

149986.70 

190,969 

83.453.453    20 

904 

7.588 

1376-0^ 

150673.93 

191,844 

..84,027,672  1 10 

938 

7.594 

1379.16 

151362.72 

193,731 

84,604,519    1    10 

952 

7.600 

1382.30 

152053.08 

193.600 

..85,184,000         20 

976 

7.606 

1385-44 

152745.02 

194,481 

85,766,131          21 

7.612 

1388.58 

153438.53 

195.364 

.-86,350,388         21 

034 

7.617 

i39'-73 

154133.60 

196,249 

86,938,307         11 

047 

7.623 

1394-87 

154830.25 

197.136 

.87,528,384         31 

071 

7.629 

1398.01 

155528-47 

198,035 

88.121,125      2. 

095 

7.635 

1401.15 

156238.36 

198,916 

••88,7.6,536        31 

119 

7.640 

1404.29 

156929.63 

199,809 

89,314,623         21 

143 

7.646 

1407-43 

157632-55 

300,704 

.89,9.5.392         31 

166 

7.652 

1410.57 

158337-06 

301,601 

90,518,849         2. 

189 

7.657 

1413-7' 

159043-13 

303,500 

..9.,i35,ooo      11 

2.3 

7.663 

1416.86 

159750-77 

303,401 

91,733,851       21 

237 

7.669 

1430.00 

160459.99 

204.304 

■92,345.408      11 

360 

7.674 

1423.14 

161170.77 

205,309 

92,959.677      21 

384 

7.680 

1436.38 

161883.13 

206,106 

■93.576.664      21 

307 

7.686 

i4Z9-4> 

162597.06 

207.035 

94,196,375      21 

33" 

7.691 

1432-57 

163312.5s 

307.936 

.94,818,816         31 

354 

7.697 

1435.71 

164039.63 

308,849 

95.443,993      21 

377 

7-703 

1438-85 

164748.36 

209,764 

.,96,071.913      31 

401 

7.708 

1441.99 

165468-47 

310,681 

96,703,579     1    31 

434 

7-714 

1445- 13 

,66190.35 

311.600 

.,97,336,000        31 

447 

7.719 

1448.37 

166913.60 

212.521 

97,971,181        31 

47" 

7.725 

1451-42 

167638-53 

213.444 

..98,611,118        31 

494 

7.731 

1454.56 

168365.03 

214,369 

99.252.847        21 

5'7 

7.736 

'1457-70 

169093.08 

315,296 

■99.897.345        21 

541 

7.742 

1460.84 

169822.71 

316,235 

100,544,615        31 

564 

7.747 

1463.98 

170553.92 

2.7.156 

101,194,696         31 

587 

7753 

1467-12 

171386.70 

318,089 

101,847,563         21 

610 

7-758 

1470.26 

171031.05 

319,034 

103,503,333         3. 

633 

7.764 

1473-41 

172756-97 

319,961 

103,161,709         31 

656 

7.769 

1476.55 

173494.45 

130,900 

.03,833,000         31 

679 

7.775 

1479.69 

174233.51 

231,841 

104,487,111          31 

703 

7.780 

1483.83 

174974.14 

333,784 

.05,154.048         31 

725 

7.786 

1485-97 

175716.35 

133,739 

.05.833.817         21 

749 

7.791 

.48<>..i 

176460.12 

334,676 

106,496,434         21 

771 

7-797 
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MATHEMATICAL  TABLES. 


Number, 
or 

Circum- 

Circular 

Sauare. 

Cube. 

Square 

Q 

DtametBr. 

ference. 

Area. 

*'*!     ~* 

Kooc. 

Ui 

475 

1492.26 

177205.46 

225,625 

107,171,875 

21.794 

7J 

476 

1495.40 

177952.37 

226,576 

107,850,176 

21.817 

7J 

477 

1498.54 

178700.86 

227,529 

108,531,333 

21.840 

7J 

478 

1501.68 

179450.91 

228,484 

109,215,352 

21.863 

7J 

479 

1504.82 

180202.54 

229,441 

109,902,239 

21.886 

1A 

480 

1507.96 

180955.74 

230,400 

110,592,000 

21.909 

7^; 

481 

I51I.II 

18171O.50 

231,361 

111,284,641 

21.932 

7.8; 

482 

1514.25 

182466.84 

232,324 

111,980,168 

21.954 

7A 

483 

1517.39 

183224.75 

233,289 

112,678,587 

21.977 

7.84 

484 

1520.53 

183984.23 

234,256 

113,379,904 

22.000 

'•2s 

485 

1523-67 

184745.28 

235,225 

114,084,125 

22.023 

7.8s 

486 

1526.81 

185507.90 

236,196 

114,791,256 

22.045 

1M 

487 

1529.96 

186272.10 

237,169 

115,501,303 

22.069 

1M 

488 

1533.10 

187037.86 

238,144 

116,214,272 

22.091 

7^11 

489 

1536.24 

187805.19 

239,121 

116,936,169 

22.113 

7^ 

490 

1539.38 

188574.10 

240,100 

117,649,000 

22.136 

7.8a 

491 

:  1542.52 

189344.57 

241,081 

"8,370,771 

22.158 

7.88! 

492 

'  1545.66 

190116.62 

242,064 

119,095,488 

22.181 

7-a» 

493 

1548.80 

190890.24 

243,049 

119,823,157 

22.204 

7JIK 

494 

'  1551.95 

191665.43 

244,036 

120,553,784 

22.226 

7-9P! 

495 

1 1555.09 

192442.19 

245,025 

121,287,375 

22.248 

7-9K 

496 

'  1558.23 

193220.51 

246,016 

122,023,936 

22.271 

7-»«5 

497 

,  1561.37 

194000.42 

247,009 

122,763,473 

22.293 

7.9*1 

498 

1 1564-51 

194781.89 

248,004 

123,505,992 

22.316 

7.996 

499 

1 1567.65 

195564.93 

249,001 

124,251,499 

22.338 

7-93« 

500 

1570.80 

196349.54 

250,000 

125,000,000 

22.361 

7-937 

501 

1573.94 

197135.72 

251,001 

125,751,501 

22.383 

7.94a 

502 

1 1577.08 

197923.48 

252,004 

126,506,008 

22.405 

7.947 

503 

1 1580.22 

198712.80 

253,009 

127,263,527 

22.428 

7-«3 

504 

1 1583.36 

199503.70 

254,016 

128,024,864 

22.449 

7-9S8 

505 

1586.50 

200296.17 

255,025 

128,787,625 

22.472 

7-963 

506 

1589.65 

201090.20 

256,036 

129,554,216 

22.494 

7-969 

507 

1592.79 

201885.81 

257,049 

130,323,843 

22.517 

7.974 

508 

1595.93 

202682.99 

258,064 

131,096,512 

22.539 

7-979 

509 

1599.07 

203481.74 

259,081 

131,872,229 

22.561 

7-984 

510 

1602.21 

204282.06 

260,100 

132,651,000 

22.583 

7.989 

5" 

1 1605.35 

205083.95 

261,121 

133,432,831 

22.605 

7.995 

512 

1 1608.49 

205887.42 

262,144 

134,217,728 

22.627 

8.000 

513 

1611.64 

206692.45 

263,169 

135,005,697 

22.649 

8.Q05 

514 

1614.78 

207499.05 

264,196 

135,796,744 

22.671 

8.010 

515 

1 1617.92 

208307.23 

265,225 

136,590,875 

22.694 

8.016 

516 

1621.06 

209116.97 

266,256 

137,388,096 

22.716 

8.021 

517 

1 1624.20 

209928.29 

267,289 

138,188,413 

22.738 

8.os6 

518 

1627.34 

210741.18 

268,324 

138,991,832 

22.759 

8.031 

519 

1630.49 

211555.63 

269,361 

139,798,359 

22.782 

8u>36 

520 

1633.63 

212371.66 

270,400 

140,608,000 

22.803 

8.041 

521 

1636.77 

213189.26 

271,441 

141,420,761 

22.825 

8.047 

522 

1639.91 

214008.43 

272,484 

142,236,648 

22.847 

8.05a 

NUMBERS,   OR  DIAMETERS  OF  CIRCLES,  &c. 
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Sumber. 
or 


liereBCc 


Circular 
Area. 


I 


i 


i 


5»3 
524 

527 
528 
529 
S30 
5J' 

!  «^ 

,  5i3   , 

■  $34  1: 

SSS    I' 

536  r 

537  !! 
533  ij 

539 
540 

541 
542 

543 
544 

545 
546 

i  547 

.  54« 
549 
559 

55» 
552 

553 
554 

555 

556 

557 

558 

559 
S6o 

561 
562 

563 
564 

565 
566 

567 
568 

569 

570 


64305 
646.19 

64934 
652.48 
655.62 
658.76 
661.90 
665.04 
668.19 

671.33 

674-47 
677.61 

680.75 

683.89 

687.04 

690.18 

693.32 

696.46 

699.60 

02.74 

05.88 

09.03 

12.17 

15-31 

18.45 

21.59 

24.73 
27.88 

31.02 

34.16 

37.30 
40.44 

4358 

46.73 
49.87 
53.00 

56.15 

59.29 

62.43 

65.57 
68.72 

71.86 
75.00 

78.14 
81.28 
84.42 

87.57 
90.71 


214829.17 
215651.49 
216475.37 
217300.82 
218127.85 
218956.44 
219786.61 
220618.32 
221451.65 
222286.53 
223122.98 
223961.00 
224800.59 
225641.75 
226484.48 
227328.77 
228174.66 
229022.10 
229871.12 
230721.71 
231573.86 

232427.59 
233282.89 

234139.76 
234998.20 

235858.21 

236719.79 

237582.94 
238447.67 

239313.96 
240181.83 

241051.26 

241922.27 

242794.85 

243668.99 

244544.61 

245422.00 

246300.86 

247181.30 

248062.30 

248946.87 

249832.01 

250718.73 

251607.01 

252496.87 

253388.30 

254281.30 

255175.86 


Sqi 


273*529 
274,576 
275,625 

276,676 

277.729 
278,784 
279,841 
280,900 
281,961 
283,024 
284,089 
285,156 
286,225 
287,296 
288,369 
289,444 
290,521 
291,600 
292,681 

293,764 
294,849 

295,936 
297,025 

298,116 
299,209 
300,304 
301,401 
302,500 
303,601 

304,704 
305,809 

306,916 

308,025 

309,136 
310,249 

311,364 
312,481 

313,600 

314,721 

315,844 
316,969 

318,096 

319,225 
320,356 

321,489 
322,624 

323,761 
324,900 


Cube. 


43,055,667 

43,877,824 
44,703,125 

45,531,576 
46,363,183 

47,197,952 
48,035,889 

48,877,000 

49,721,291 

50,568,768 

51,419,437 
52,273,304 

53,130,375 
53,990,656 

54,854,153 
55,720,872 

56,590,819 

57,464,000 

58,340,421 

59,220,088 

60,103,007 

60,989,184 

61,878,625 

62,771,336 

63,667,323 
64,566,592 
65,469,149 
66,375,000 
67,284,151 
68,196,608 
69,112,377 
70,031,464 

70,953,875 
71,879,616 

72,808,693 

73,741,112 

74,676,879 

75,616,000 

76,558,481 
77,504,328 

78,453,547 
79,406,144 

80,362,125 

81,321,496 

82,284,263 

83,250,432 
84,220,009 
85,193,000 


Square 

Cube 

KooL 

RooL 

22.869 

8.057 

22.891 

8.062 

22.913 

8.067 

22.935 

8.072 

22.956 

8.077 

22.978 

8.082 

23.000 

8.087 

23.022 

8.093 

23.043 

8.098 

23.065 

8.103 

23.087 

8.108 

23.108 

8. 1 13 

23.130 

8.1 18 

23152 

8.123 

23173 

8.128 

23.195 

8.133 

23.216 

8.138 

23.238 

8.143 

23259 

8.148 

23.281 

8.153 

23.302 

8.158 

23.324 

8.163 

23-345 

8.168 

23-367 

8.173 

23.388 

8.178 

23409 

8.183 

23-431 

8.188 

23-452 

8.193 

23.473 

8.198 

23-495 

8.203 

23.516 

8.208 

23-537 

8.213 

23-558 

8.218 

23.579 

8.223 

23.601 

8.228 

23.622 

8.233 

23.643 

8.238 

23.664 

8.242 

23.685 

8.247 

23.706 

8.252 

23.728 

8.257 

23.749 

8.262 

23.769 

8.267 

23.791 

8.272 

23.812 

8.277 

23833 

8.282 

23-854 

8.286 

23-875 

8.291 
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MATHEMATICAL  TABLES. 


Number, 
or 

Circum- 

Circular 

Square. 

Cube. 

Square 

Ca 

Diameter. 

ference. 

Area. 

Root. 

1 

Ro 

571 

1793.85 

256072.00 

326,041 

186,169,411 

'  23.896 

8.2« 

572 

1796.99 

256969.71 

327,184 

187,149,248 

23.916 

8.3< 

573 

1800.13 

257868.99 

328,329 

188,132,517 

23.937 

8.3c 

574 

1803.27 

258769.85 

329,476 

189,119,224 

23.958 

8.31 

575 

1806.42 

259672.27 

330,625 

190,109,375 

23.979 

8.31 

576 

1809.56 

260576.26 

331,776 

191,102,976 

24.000 

8.3a 

577 

1812.70 

261481.83 

332,929 

192,100,033 

24.021 

8.3a 

578 

1815.84 

262388.96 

334,084 

193,100,552 

24.042 

8.33 

579 

1818.98 

263297.67 

335,241 

194,104,539 

24.062 

8.33 

580 

1822.12 

264207.94 

336,400 

195,112,000 

24.083 

8.31 

581 

1825.26 

265119.79 

337,561 

196,122,941 

24.104 

8.34 

582 

1828.41 

266033.21 

338,724 

197,137,368 

24.125 

8.34^. 

583 

1831.55 

266948.20 

339,889 

198,155,287 

24.145 

8.3s- 

584 

1834.69 

267864.76 

341,056 

199,176,704 

24.166 

8.3S* 

585 

1837.83 

268782.80 

342,225 

200,201,625 

24,187 

8.361 

586 

1840.97 

269702.59 

343,396 

201,230,056 

24.207 

8.3« 

587 

1844. 1 1 

270623.86 

344,569 

202,262,003 

24.228 

8.373 

588 

1847.26 

271546.70 

345,744 

203,297,472 

24.249 

8.37S 

589 

1850.40 

272471.12 

346,921 

204,336,469 

24.269 

8.38a 

590 

185354 

273397.10 

348,100 

205,379,000 

24.289 

8.387 

591 

1856.68 

274324.66 

349,281 

206,425,071 

24.310 

8.39a 

592 

1859.82 

275253-78 

350,464 

207,474,688 

24.331 

8.397 

593 

1862.96 

276184.48 

351,649 

208,527,857 

24.351 

8.401 

594 

1866. 1  I 

277116.75 

352,836 

209,584,584 

24.372 

8.406 

595 

1869.25 

278050.59 

354,025 

210,644,875 

24.393 

8.411 

596 

1872.39 

278985.99 

355,216 

211,708,736 

24.413 

8.415 

597 

1875-53 

279922.97 

356,409 

212,776,173 

24.433 

8.420 

598 

1878.67 

280861.53 

357,604 

213,847,192 

24.454 

8.42s 

599 

1881.81 

281801.65 

358,801 

214,921,799 

24.474 

8.429 

600 

1884.96 

282743.34 

360,000 

216,000,000 

24.495 

8.434 

601 

1888.10 

283686.60 

361,201 

217,081,801 

24.515 

8.439 

602 

1891.24 

284631.44 

362,404 

218,167,208 

24-536 

8.444 

603 

1894.38 

285577-84 

363,609 

219,256,227 

24.556 

8.448 

604 

1897.52 

286525.82 

364,816 

220,348,864 

24.576 

8.4S3 

605 

1900.66 

287475-36 

366,025 

221,445,125 

24.597 

8.458 

606 

1903.80 

288426.48 

367,236 

222,545,016 

24.617 

8.462 

607 

1906.95 

289379.17 

368,449 

223,648,543 

24.637 

8.467 

608 

1910.09 

29033343 

369,664 

224,755,712 

24.658 

8.472 

609 

1913-23 

291289.26 

370,881 

225,866,529 

24,678 

8.476 

610 

1916.37 

292246.66 

372,100 

226,981,000 

24,698 

8.481 

611 

I919-5I 

293205.63 

373,321 

228,099,131 

24.718 

8.485 

612 

1922.65 

294166.17 

374,544 

229,220,928 

24.739 

8.490 

613 

1925.80 

295128.28 

375,769 

230,346,397 

24.758 

8.495 

614 

1928.94 

296091.97 

376,996 

231,475,544 

24.779 

8.499 

615 

1932.08 

297057.22 

378,225 

232,608,375 

24.799 

8.504 

616 

1935.22 

298024.05 

379,456 

233,744,896 

24.819 

8.509 

617 

1938.36 

298992.44 

380,689 

234,885,113 

24.839 

8.513 

618 

1941.50 

299962.41 

381,924 

236,029,032 

1  24-859 

8.518 
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Nmber, 

nr 

Qrcuin- 
fieraoce. 

Circular 

Square. 

Cube. 

Square 

Cube 

UB 

Area. 

Root. 

Root 

1 
43 

13509 

1452.20 

1,849 

79,507 

6.557 

3503 

44 

138-23 

...     1520.53 

...    1,936 

85,184 

6.633 

3.530 

45 

141.37 

1590.43 

2,025 

91,125 

6.708 

3.556 

46 

144.51 

...     1661.90 

...    2,116 

97,336 

6.782 

3.583 

47 

147.65 

1734.94 

2,209 

103,823 

6.855 

3.608 

48 

150.80 

...     1809.56 

...    2,304 

110,592 

6.928 

3634 

49 

153.94 

1885.74 

2,401 

117,649 

7.000 

3.659 

50 

157.08 

...     1963.50 

...    2,500 

125,000 

7.071 

3.684 

5» 

160.22 

2042.82 

2,601 

132,651 

7.I4I 

3.708 

5* 

163.36 

...    2123.72 

...    2,704 

140,608 

7. 211 

3.732 

53 

166.50 

2206.18 

2,809 

148,877 

7.280 

3.756 

54 

169.65 

...    2290.22 

...    2,916 

157^464 

7.348 

3.779 

55 

172.79 

237583 

3»o25 

166,375 

7.416 

3.802 

56 

175.93 

...    2463.01 

...  3,136 

175,616 

7.483 

3.825 

57 

179.07 

2551.76 

3,249 

185,193 

7.549 

3.848 

58 

182.21 

...    2642.08 

...  3,364 

195,112 

7.615 

3.870 

59 

185.35 

2733.97 

3,481 

205,379 

7.681 

3.892 

60 

188.50 

...    2827.43 

...  3,600 

216,000 

7.745 

3.914 

61 

191.64 

2922.47 

3,721 

226,981 

7.810 

3.936 

62 

194.78 

...    3019.07 

...  3,844 

238,328 

7.874 

3.957 

63 

197.92 

3117.25 

3,969 

250,047 

7.937 

3.979 

64 

201.06 

...    3216.99 

...  4,096 

262,144 

8.000 

4.000 

65 

204.20 

3318.31 

4,225 

274,625 

8.062 

4.020 

66 

207.34 

...    3421.19 

...  4,356 

287,496 

8.124 

4.041 

67 

210.49 

352565 

4,489 

300,763 

8.185 

4.061 

68 

213.63 

...    3631.68 

...  4,624 

314,432 

8. 246 

4.081 

69 

216.77 

3739.28 

4,761 

328,509 

8.306 

4.IOI 

70 

219.91 

...    3848.45 

...  4,900 

343,000 

8.366 

4. 121 

71 

223.05 

3959.19 

5,041 

357,911 

8.426 

4.140 

72 

226.19 

...    4071.50 

...  5,184 

373,248 

8.485 

4.160 

73 

229.34 

4185.39 

5,329 

389,017 

8.544 

4.179 

74 

232.48 

...    4300.84 

...  5,476 

405,224 

8.602 

4.198 

75 

235.62 

4417.86 

5,625 

421,875 

8.660 

4.217 

76 

238.76 

...    4536.46 

...  5,776 

438,976 

8.717 

4.235 

77 

241.90 

4656.63 

5,929 

456,533 

8.744 

4.254 

78 

245.04 

...    4778.36 

...  6,084 

474,552 

8.831 

4.272 

79 

248.19 

4901.67 

6,241 

493,039 

8.888 

4.290 

80 

251.33 

...    5026.55 

...  6,400 

512,000 

8.944 

4.308 

81 

254.47 

5153.00 

6,561 

53^441 

9.000 

4.326 

83 

257.61 

...    5281.02 

...  6,724 

551,368 

9.055 

4-344 

83 

260. 75 

5410.61 

6,889 

571,787 

9. 1 10 

4.362 

84 

263.89 

...    5541.77 

...  7,056 

592,704 

9.165 

4-379 

85 

267.03 

5674.50 

7,225 

614,125 

9.219 

4-396 

86 

270.18 

...    5808.80 

...  7,396 

636,056 

9.273 

4.414 

87 

273.32 

5944.68 

7,569 

658,503 

9.327 

4- 43 1 

88 

276.46 

...    6082.12 

...   7,744 

681,472 

9.380 

4-447 

89 

279.60 

6221.14 

7,921 
...  8,100   . 

704,969 

9-433 

4.461 
1  4.481  \ 

90   j 

2^2.74  ) 

1 

-"    6361.73  1 

y2g,ooo 

9.486 

68 
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Number, 

or 
Diaawler. 

Grcuio* 
ference. 

Grcular 
Area. 

Square. 

Cube. 

isr 

CAt 
Rmi. 

91 

285.88 

6503.88 

8,281 

753,571 

9-539 

4.497 

92 

289.03 

...    6647.61 

...    8^64 

778,688 

9-S9I 

4.SM 

93 

292.17 

6792.91 

8,649 

804,357 

9.643 

4.53<^ 

94 

^9531 

...  -6939.78 

...   8,836 

830,584 

9.695 

4.546  : 

95 

293^5 

7088.22 

9»o25 

857,375 

9.746 

4.562    . 

96 

301.59 

...    7238.23 

...  9,216 

884,736 

9.797 

4.578 

97 

304.73 

7389.81 

9,409 

912,673 

9848 

4.594 

98 

307.88 

...    7542.96 

...  9i6o4 

......  941,192 

9.899 

4.610 

99 

311.02 

7697.69 

9,801 

970,299 

9.949 

4.636 

ICO 

314.16 

...    7853.98 

...10,000 

...    1,000,000 

laooo 

4.641 

lOI 

317.30 

8011.85 

10,201 

1,030,301 

10.049 

4.657 

102 

320.41 

...    8171.28 

...10,404 

...    1,061,208 

iao99 

4.672 

103 

323.58 

8332.29 

10,609 

1,092,727 

10.148 

4.687 

104 

326.73 

...    8494.87 

...10,816 

...    1,124,864 

10.198 

4.702 

105 

329.87 

8659.01 

11,025 

1,157,625 

10.246 

4.7x7 

106 

333.01 

...    8824.73 

...11,236 

...    1,191,016 

10.295 

4.732 

107 

336.15 

8992.02 

11,449 

1,225,043 

10.344 

4.747 

108 

339.29 

...    9160.88 

...11,664 

••-    1,259,712 

10.392 

4.762 

109 

342.43 

9331.32 

11,881 

1,295,029 

10.440 

4.776 

ZIO 

34557 

•••    9503.32 

...12,100 

.-.    1,331,000 

10.488 

4.791 

III 

348.72 

9676.89 

12,321 

1,367.631 

10.535 

4.80s 

112 

351-86 

...    9852.03 

...12,544 

...    1,404,928 

10.583 

4.820 

"3 

355.00 

10028.75 

12,769 

1,442,897 

10.630 

4.B34 

114 

358.14 

...10207.03 

...12,996 

...    1,481,544 

10.677 

4.848 

"5 

361.28 

10386.89 

I3»225 

1,520,875 

10.723 

4.862 

116 

364.42 

...10568.32 

... 13*456 

...    1,560,896 

10.770 

4.876 

"7 

367.57 

10751.32 

13,689 

1,601,613 

10.816 

4.890 

118 

370.71 

...10935.88 

...13,924 

•••    1,643,032 

10.862 

4.904 

119 

373.85 

III22.02 

14,161 

1,685,159 

10.908 

4.918 

lao 

376.99 

...11309.73 

...14,400 

...    1,728,000 

10.954 

4.932 

121 

380.13 

IJ499.OI 

14,641 

1,771,561 

11.000 

4.946 

122 

383.27 

...11689.87 

...14,884 

...    1,815,848 

11.045 

4.959 

123 

386.42 

11882.29 

15.129 

1,860,867 

11.090 

4.973 

124 

38956 

...12076.28 

...15,376 

...    1,906,624 

".135 

4.986 

"5 

392.70 

12271.85 

15,625 

1,953,125 

II. 180 

5.000 

126 

395.84 

...12468.98 

...15,876 

...    2,000,376 

11.224 

5.013 

127 

398.98 

12667.69 

16,129 

2,048,383 

11.269 

5.026 

128 

402.12 

...12867.96 

...16,384 

•-.    2,097,152 

^^'3^3 

5.039 

129 

405.26 

13069.81 

16,641 

2,146,689 

"357 

5.052 

130 

408.41 

•..13273.23 

...16,900 

...    2,197,000 

11.401 

5.065 

131 

411.55 

13478.22 

17,161 

2,248,091 

11.445 

5.078 

132 

414.69 

...13684.78 

...17,424 

...    2,299,968 

11.489 

5.091 

^33 

417.83 

13892.91 

17,689 

2,352,637 

11.532 

5.104 

134 

420.97 

...I4IO2.61 

...17,956 

...    2,406,104 

".575 

5.117 

13s 

424.11 

14313-88 

18,225 

2,460,375 

II. 618 

5.^29 

136 

427.26 

...14526.72 

...18,496 

...    2,515,456 

11.661 

5-142 

137 

430.40 

I474I.I4 

18,769 

2,571,353 

11.704 

5-155 

138 

433.54 

...14957.12 

...19,044 

...  2,620,872 

11.747 

i  5'^7 

J>4 
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NoBbcr. 

or 

liereooe. 

Circtilar 
Area. 

Square. 

Cube. 

Square 
Root. 

Cube 

RCPDL 

139 

436.68 

15174.68 

i9»32i 

2,685,619 

11.789 

5.180 

!  140 

439-82 

...15393.80 

...19,600 

...  2,744,000 

11.832 

5.192 

141 

442.96 

15614.50 

19,881 

2,803,221 

11.874 

5.204 

142 

446.11 

•..15836.77 

...20,164 

...  2,863,288 

II. 916 

5-217 

143 

449-25 

16060.61 

20,449 

2,924,207 

11.958 

5.229 

144 

452-39 

...16286.02 

...20,736 

...  2,985,984 

1 2.000 

5-241 

145 

455-53 

16513.00 

21,025 

3,048,625 

12.041 

5.253 

146 

458-67 

...16741.55 

...21,3x6 

...  3,112,136 

12.083 

5.265 

147 

461.81 

16971.67 

21,609 

3,176,523 

12.124 

5-277 

148 

464.96 

...17203.36 

...21,904 

...  3,241,792 

12.165 

5-289 

149 

468.10 

17436.62 

22,201 

3,307,949 

12.206 

5.301 

150 

471.24 

...17671.46 

...22,500 

•••  3,375»ooo 

12.247 

5-313 

151 

474.38 

17907.86 

2  2,80 1 

3,442,951 

12.288 

5-325 

152 

477.52 

...18145.84 

...23,104 

...  3,511,808 

12.328 

5-336 

153 

480.66 

18385.39 

23*409 

3,581,577 

12.369 

5-348 

154 

483-80 

...18626.50 

...23,716 

...  3,652,264 

12.409 

5-360 

155 

486.95 

18869.19 

24,025 

3,723,875 

12.449 

5.571 

156 

490.09 

...191 13.45 

...24,336 

...  3,796,416 

12.489 

5-383 

157 

493-23 

19359.28 

24,649 

3,869,893 

12.529 

5.394 

158 

496.37 

...19606.68 

...24,964 

...  3,944,312 

12.569 

5-406 

159 

499-51 

19855.65 

25,281 

4*019,679 

12.609 

5-417 

z6o 

502.65 

...20106.19 

...25,600 

...  4,096,000 

12.649 

5.428 

161 

505.80 

20358.34 

25,921 

4,173,281 

12.688 

5-440 

162 

508.94 

...20611.99 

...26,244 

-  4,251,528 

12.727 

5-451 

163 

512.08 

20867.24 

26,569 

4,330,747 

12.767 

5-462 

164 

515.22 

...21124.07 

...26,896 

...  4,410,944 

12.806 

5.473 

165 

5x8.36 

21382.46 

27,225 

4,492,125 

12.845 

5.484 

t66 

521.50 

...21642.43 

...27,556 

•••  4,574,296 

12.884 

5-495 

167 

524.65 

21903.97 

27,889 

4,657,463 

12.922 

5-506 

168 

527.79 

...22167.08 

...28,224 

•••  4,741,632 

12.961 

5.517 

169 

530.93 

22431.76 

28,561 

4,826,809 

13.000 

5.528 

Z70 

534.07 

...22698.01 

...28,900 

•••  4,913,000 

13.038 

5.539 

171 

537.21 

22965.83 

29,241 

5,000,211 

13.076 

5.550 

172 

540.35 

.-23235.22 

...29,584 

...  5,088,448 

13.114 

5.561 

173 

543-50 

23506.18 

29,929 

5,177,717 

13.152 

5.572 

174 

546.64 

...23778.71 

...30,276 

...  5,268,024 

13.190 

5.582 

175 

549-78 

24052.82 

30,625 

5,359,375 

13.228 

5-593 

176 

552.92 

...24328.49 

...30,976 

•••  5,451,776 

13.266 

5.604 

177 

556.06 

24605.79 

31,329 

5,545,233 

13-304 

5.614 

178 

559-20 

...24884.56 

...31,684 

•••  5,639,752 

13.341 

5.625 

179 

562.34 

25164.94 

32,041 

5,735,339 

13.379 

5.635 

z8o 

565.49 

...25446.90 

...32,400 

...  5,832,000 

13.416 

5.646 

181 

568.63 

25730.43 

32,761 

5,929,741 

13.453 

5.656 

182 

571.77 

...26015.53 

...33,124 

...  6,028,568 

13.490 

5.667 

x«3 

574.91 

26302.20 

33,489 

6,128,487 

13.527 

5.677 

184 

578.05 

...26590.44 

...33,856 

...  6,229,504 

13564 

5.687 

185 

581.19 

26880.25 

34,225 

6,331,625 

13.601 

5.698 

186 

1 

584.34 

...27171.63 

« - —       / 

...34,596 

...  6,434,856 

13.638 

5.708 

^o 


MATHEMATICAL  TABLES. 


Number, 
Diameter. 

Grcum- 
ference. 

Circular 
Area. 

Square. 

Cube. 

Square 
Kooc 

Cilll 

187 

587.48 

27464.59 

34,969 

6,539,203 

13-674 

S.7i»l 

188 

590.62 

...27759.11 

.-•35,344 

...    6,644,672 

13.7" 

S.7««l 

189 

593-76 

28055.21 

35,721 

6,751,269 

13-747 

iM 

190 

596.90 

...28352.87 

...36,100 

...    6,859,000 

13.784 

S.74Sfi 

191 

600.04 

28652.11 

36,481 

6,967,871 

13.820 

S.7S«I 

192 

603.19 

...28952.92 

...36,864 

..      7,077.888 

13.856 

S7a 

193 

606.33 

2925530 

37,249 

7,189,057 

13.892 

577* 

194 

609.47 

...29559.26 

...37,636 

...    7,301,384 

13.928 

S.788 

195 

612.61 

29864.77 

38,025 

7,414,875 

13-964 

5-798 

196 

61575 

...30171.86 

...38,416 

•-    7,529,536 

14.000 

5.80S 

197 

618.89 

30480.52 

38,809 

7,645,373 

14.035 

5.818 

198 

622.03 

..•30790.75 

..•39,204 

-    7,762,392 

14.071 

5.818 

199 

625.18 

31102.55 

39,601 

7,880,599 

14.106 

5.838 

200 

628.32 

•31415-93 

...40,000 

...    8,000,000 

14.142 

5.848 

201 

631.46 

31730.87 

40,401 

8,120,601 

14.177 

5.857 

202 

634.60 

...32047.39 

...40,804 

...    8,242,408 

14.212 

S.867 

203 

637-74 

32365-47 

41,209 

8,365,427 

14.247 

5.877 

204 

640.88 

...32685.13 

...41,616 

...    8,489,664 

14.282 

5.886 

205 

644.03 

33006.36 

42,025 

8,615,125 

14.317 

5.896 

206 

647.17 

•33329-16 

...42,436 

...    8,741,816 

14.352 

5.90s 

207 

650.31 

33653-53 

42,849 

8,869,743 

14.387 

5.91S 

208 

653-45 

•••33979.47 

...43,264 

...    8,998,912 

14.422 

5.924 

209 

656.59 

34306.98 

43,681 

9,123,329 

14.456 

5-934 

210 

659-73 

...34636.06 

...44,100 

...    9,261,000 

14.491 

5.943 

211 

662.88 

34966.71 

44,521 

9,393,931 

14.525 

5.953 

212 

666.02 

...35298.94 

..•44,944 

...    9,528,128 

14.560 

5.962 

213 

669.16 

35632.73 

45^369 

9,663,597 

14.594 

5.972 

214 

672.30 

...35968.09 

•• 45*796 

...    9,800,344 

14.628 

5.981 

215 

675.44 

36305.03 

46,225 

9,938,375 

14.662 

5.990 

216 

678.58 

...36643.61 

...46,656 

...10,077,696 

14.696 

6.000 

217 

681.73 

36983.61 

47,089 

10,218,313 

14.730 

6.009 

218 

684.87 

•37325.26 

...47,524 

...10,360,232 

14.764 

6.018 

219 

688.01 

37668.48 

47,961 

10,503,459 

14.798 

6.027 

220 

691.15 

...38013.27 

...48,400 

...10,648,000 

14.832 

6.036 

221 

694.29 

38359.63 

48,841 

10,793,861 

14.866 

6.045 

222 

697-43 

.•38707.56 

...49,284 

...10,941,048 

14,899 

6.055 

223 

700-57 

39057.07 

49,729 

11,089,567 

14.933 

6.064 

1     224 

703.72 

...39408.14 

...50,176 

...11,239,424 

14.966 

6.073 

225 

706.86 

39760.78 

50,625 

11,390,625 

15.000 

6.082 

226 

710.00 

...40115.00 

...51,076 

..-^,543,176 

15.033 

6.091 

227 

713-14 

40470.78 

51*529 

11,697,083 

15.066 

6.100 

228 

716.28 

...40828.14 

...51,984 

...11,852,352 

15-099 

6.109 

229 

719.42 

41187.07 

52,441 

12,008,989 

15-132 

6. 1 18 

230 

722.57 

•41547-56 

...52,900 

...12,167,000 

15-165 

6.126 

231 

725.71 

41909.63 

53,361 

12,326,391 

15.198 

6.135 

232 

728.85 

...42273.27 

.53,824 

...12,487,168 

15.231 

6.144 

233 

731.99 

42638.48 

54,289 

12,649,337 

15.264 

6.153 

234 

735-13 

•-•43005.26 

...54,756 

...12,812,904 

15.297 

6.162 

NUMBERS,  OR  DIAMETERS  OF  CIRCLES,  4c. 
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Circttfl»- 
ference. 


738.27 
741.42 

74456 
747-70 
750.84 
753.98 
757.12 
760.26 

763.4^^ 
766.55 

769.69 

772.83 

775-97 

779-11 
782.26 

785.40 
788.54 
791.68 
794.82 

797.96 
801. II 
804.25 

807.39 
810.53 
813.67 
816.81 
819.96 
823.10 
826.24 
829.38 
832.52 
835.66 
838.80 
841.95 
845.09 
848.23 

851-37 

854.51 
857.65 
860.80 

863.94 
867.08 
870.22 

87336 
876.50 

879-65 
882.79 

885.93 


Qrcolar 
Area. 


43373.61 

43743-54 

44115-03 
44488.09 

44862.73 

45238.93 
45616.71 

45996.06 

46376.98 

46759-47 

47143-5* 
47529.16 

47916.36 

48305.13 
48695.47 

49087.39 

49480.87 

49875.92 

50272.55 
50670.75 

51070.52 

51471.86 

51874.76 

52279.24 

52685.29 

53092.96 

53502.11 

53912.87 

54325-21 
54739-" 

55154.59 
55571.63 

55990.25 
56410.44 

56832.20 

57255-53 
57680.43 

58106.90 

58534.94 
58964.55 

59395-74 
59828.49 

60262.82 

60698.72 

61136.18 

61575.22 

62015.82 

62458.00 


S<iuare. 


55»225 

.  55*696 

56,169 
.56,644 

57,121 

.57,600 

58,081 

.58,564 

59»049 

.59*536 

60,025 

.60,516 

61,009 

.61,504 

62,001 

.62,500 

63,001 

.63,504 
64,009 

.64,516 

65,025 

.65,536 

66,049 
.66,564 

67,081 
.67,600 

68,121 
.68,644 

69,169 
.69,696 

70,225 

•70,756 

71,289 

.71,824 

72,361 
.72,900 

73.441 
.  73,984 

74,529 
.751076 

75.625 
.76,176 

76,729 

.77,284 

77,841 
.  78,400 

78,961 
•79*524 


Cube. 


2,977,875 
3,144,256 

3,312,053 

3,481,272 

3,651,919 
3,824,000 

3,997,521 
4,172,488 

4,348,907 
4,526,784 

4,706,125 

4,886,936 

5,069,223 

5.252,992 

5.438,249 
5,625,000 

5.813.251 
6,003,008 

6,194,277 

6,387,064 

6,581,375 
6,777,216 

6,974,593 
7,173,512 

7,373,979 
7,576,000 

7.779.581 
7,984,728 

8,191,447 

8,399.744 
8,609,625 

8,821,096 

9.034,163 

9,248,832 

9.465,109 

9,683,000 

9,902,511 
20,123,648 

20,346,417 
20,570,824 

20,796,875 

21,024,576 

21,253,933 

21,484,952 

21,717,639 
21,952,000 

22,188,041 

22,425,768 


Square 

Cube 

Rooc 

Rooc 

15-329 

6.171 

15-362 

6.179 

15394 

6.188 

15-427 

6.197 

15-459 

6.205 

15-491 

6.214 

15.524 

6.223 

15556 

6.231 

15-588 

6.240 

15.620 

6.248 

15-652 

6.257 

15.684 

6.265 

15.716 

6.274 

15.748 

6.282 

15.779 

6.291 

15.81I 

6.299 

15.842 

6.307 

15-874 

6.316 

15-905 

6.324 

15-937 

6.333 

15.968 

6.341 

16.000 

6.349 

16.031 

6.357 

16.062 

6.366 

16.093 

6.374 

16.124 

6.382 

16.155 

6.390 

16.186 

6.398 

16.217 

6.406 

16.248 

6.415 

16.278 

6.423 

16.309 

6.431 

16.340 

6.439 

16.370 

6.447 

16.401 

6.455 

16.431 

6.463 

16.462 

6.471 

16.492 

6.479 

16.522 

6.487 

16.552 

6.495 

16.583 

6.502 

16.613 

6.510 

16.643 

6.518 

16.673 

6.526 

16.703 

6.534 

16.733 

6.542 

16.763 

6.549 

16.792 

6.S57 
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MATHEMATICAL  TABLES. 


Number, 

or 
Diameter. 

284 
285 
286 
287 
288 
289 
290 
291 
292 

294 

296 

297 
298 

299 

300 

301 

302 

303 
304 

306 

307 
308 

309 
310 

3" 
312 

313 
314 

315 
316 

317 
318 

319 
320 

321 
322 

323 

324 

325 
326 

327 
328 

329 
330 


CirauiK 
ference. 


889.07 
892.21 

895-35 
898.49 

901.64 

904.78 

907.92 

911.06 

914.20 

91734 
920.49 

923.63 

926.77 

929.91 

933.05 
936.19 

939-34 
942.48 

945.62 

948.76 

951-90 

955-04 
958.19 

961.33 
964.47 

967.61 

970.75 
97389 

977-03 
980.18 

98332 
986.46 

989.60 

992.74 
995.88 

999-03 
002.17 

005.31 

008.45 

011.59 

014.73 
017.88 

021.02 

024.16 

027.30 

030.44 

033.58 
036.73 


Circular 
Area. 


62901.75 

.63347-07 

6379397 
.64242.43 

64692.46 

.65144.07 

65597.24 
.66051.99 

66508.30 

.66966.19 

67425-65 
.67886.68 

68349.28 

.68813.45 
69279.19 

.69746.50 
70215.38 

.70685.83 
71157.86 

.71631.45 
72106.62 

•72583.36 
73061.66 

•73541.54 
74022.99 

.74506.01 
74990.60 

•75476.76 
75964.50 

•76453.80 
76944.67 

-77437.12 

77931.13 
.78426.72 

78923.88 
.79422.60 

79922.90 
.80424.77 

80928.21 
.81433.22 

81939.80 
.82447.96 

82957.68 
.83468.98 

83981.84 
.84496.28 

85012.28 
.85529.86 


S<|iittie. 


80^089 
80,656 
81,225 
81,796 
82,369 
82,944 

83,521 
84,100 

84,681 

85,264 

85,849 
86,436 
87,025 
87,616 
88,209 
88,804 
89,401 
90,000 
90,601 
91,204 
91,809 
92,416 
93,025 
93,636 

94,249 
94,864 

95,481 
96,100 
96,721 

97,344 

97,969 

98,596 

99,225 

99,856 

100,489 

101,124 

101,761 

102,400 

103,041 

103,684 

104,329 

104,976 

105,625 

106,276 

106,929 

107,584 
108,241 

108,900 


22,665,187 
.22,906,304 

23,149,125 

.23,393,656 

23*639,903 
.23,887,872 

24fi37,S69 
.24,389,000 

24,642,171 

.24,897,088 

25»i53,757 
.25,412,184 

25*672,375 

.25»934,336 

26,198,073 

.26>463,592 

26,730,899 
.27,000,000 

27,270,901 
.27,543,^8 

27,818,127 
.28,094,464 

28,372,625 
.28^652,616 

28,934,443 
.29,218,112 

29,503,629 
.29,791,000 

30,080,231 
.30,371,328 

30,664,297 

.30,959,144 

31,255,875 
.31,554,496 

31,855,013 
•32,157,432 

32,461,759 
.32,768,000 

33,076,161 

.33,386,248 

33,698,267 
.34,012,224 

34,328,125 
.34,645,976 

34,965,783 
.35,287,552 

35,611,289 

.35,937,000 


6.&22 
6.852 
6.881 
6.9X1 
6.941 
6.970 
7.000 
7.029 

7.059 
7.088 

7.II7 

7.146 

7.176 

7.205 

7.234 
7.263 

7.292 
7.320 

7.349 
7.378 
7.407 

7-436 

7-464 

7.493 
7.521 

7-549 
7.578 
7.607 

7-635 
7.663 

7.692 

7.720 

7.748 
7.776 

7.804 

7.832 
7.860 
7.888 
7.916 

7.944 
7.972 

8.000 

8.028 

8.055 
8.083 

8.111 

8.138 

8.166 


.611 


6^657 
6.664 
6.67a 
6.679 
6.687 
6.694 
6.70a 
6.709 

6.717 

6.724 

6.73X 

6.739 
6.746 

6.753 
6.761 

6.768 

6.775 
6.782 

6.789 

6.797 
6.804 

6.81  X 

6.818 

6.826 

6.833 
6.839 

6.847 

6.854 
6.861 
6.868 

6.875 
6.882 

6.889 

6.896 

6.903 

6.910 


I 


NUMBERS,  OR  DIAMETERS  OF  CIRCLES,  Ac. 


7* 


,  '{     Grcnni- 

•  Crcular 
Area. 

Squart. 

Cube. 

Square 
Root. 

Cube 
Rooc 

I 

1  1039-^7 

86049.01 

109,561 

36,264,691 

18.193 

6.917 

2 

1  1043.01 

.  .86569.73 

110,224 

•-36,594,368 

18.221 

6.924 

5 

X046.15 

87092^02 

110,889 

36,926,037 

18.248 

6.931 

^ 

1049.29 

...87615.38 

111,556 

...37,259,704 

18.276 

6.938 

0 

1052.43 

88141.31 

112,225 

37,595,375 

18.303 

6.945 

) 

1055-57 

...88668.31 

112^96 

-.37,933,056 

18.330 

6.952 

r 

1058.72 

89196.88 

1 13,569 

38,272,753 

18.357 

6.959 

1 

1061.86 

...89727.03 

114,244 

...38,614,472 

18.385 

6.966 

1 

1065.00 

90258.74 

114,921 

38,958,219 

18.412 

6.973 

)   1  1068.14 

...90792.03 

115,600 

•..39,304,000 

18.439 

6.979 

1071.28 

91326.88 

116,281 

39,651,821 

18.466 

6.986 

;  1  1074.42 

...91863.31 

1 16,964 

...40,001,688 

18.493 

6.993 

;  1  1077.57 

.  92401.31 

117,649 

40,353,607 

18.520 

7.000 

» 

1080.71 

...9294a88 

"8,336 

-.40,707,584 

18.547 

7.007 

. 

1083.85 

93482.02 

"9,025 

41,063,625 

18.574 

7.014 

I 

X  086.99 
1090.13 
1093.27 

...94024.73 

119,716 

•41,421,736 

18.601 

7.020 

94569.01 

120,409 

41,781,923 

18.628 

7.027 

1 

...95114.86 

121,104 

...42,144,192 

18.655 

7.034 

I 

1096.42 

95662.28 

121,801 

42,508,549 

18.681 

7.040 

» 

1099.56 

...96211.28 

122,500 

...42,875,000 

18.708 

7.047 

• 

1102.70 

96761.84 

123,201 

43,243,551 

18.735 

7054 

» 

1105.84 

.97314.76 

123,904 

...43,614,208 

18.762 

7.061 

1 108.98 

97867.68 

124,609 

43,986,977 

18.788 

7.067 

r 

1112.12 

...98422.96 

125,316 

...44,361,864 

18.815 

7.074 

1 115.26 

98979.80 

126,025 

44,738,875 

18.842 

7.081 

1 

1 1 18.41 

••99538.22 

126,736 

...45,118,016 

18.868 

7.087 

» 

i"i-55 

100098.21 

127,449 

45,499,293 

18.894 

7.094 

1 

1124.69 

100659.27 

128,164 

...45,882,712 

18.921 

7.101 

1 

1127.83 

101222.90 

128,881 

46,268,279 

18.947 

7.107 

1 

1130.97 

101787.60 

1 29,600 

...46,656,000 

18.974 

7.114 

1134.11 

102353.87 

130,321 

47,045,881 

19.000 

7.120 

1 

V 

1137.26 

102921.72 

131,044 

-.47,437,928 

19.026 

7.127 

» 

1140.40 

103491.13 

131,769 

47,832,147 

19.052 

7.133 

fr 

"43.54 

104062.12 

132,496 

...48,228,544 

19,079 

7.140 

> 

1146.68 

104634.67 

133,225 

48,627,125 

19.105 

7.146 

> 

1149.82 

105208.80 

133,956 

...49,027,896 

19.131 

7.153 

' 

1152.96 

105784.49 

134,689 

49,430,863 

19.157 

7.159 

1 

» 

1156.11 

106361.76 

135,424 

•..49,836,032 

19.183 

7.166 

1 

"59.25 

106940.60 

136,161 

50,243,409 

19.209 

7.172 

1 

1162.39 

107521.01 

136,900 

-..50,653,000 

19.235 

7.179 

"65.53 

108102.99 

137,641 

51,064,811 

19.261 

7.185 

1168.67 

108686.54 

138,384 

...51,478,848 

19.287 

7.192 

, 

1171.81 

109271.66 

139,129 

51,895,117 

19.313 

7.198 

1 1 74.96 

109858.35 

139,876 

•.•52,313,624 

19339 

7.205 

1 1 78. 10 

1 10446.62 

140,625 

52,734,375 

19.365 

7.211 

X181.24 

n  1036.45 

141,376 

•..53,157,376 

19391 

7.218 

1184.38 

111627.86 

142,129 

53,582,633 

19.416 

7.224 

1187.52 

112220.83 

142,884 

54,010,152 

19.442 

7.230 
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MATHEMATICAL  TABLES. 


Number, 

or 
Diameter. 

Grcum- 
ference. 

Circular 
Area. 

Square. 

Cube. 

KooC 

379 

1190.66 

II2815.38 

143,641 

54,439,939 

19.468 

7.23»| 

380 

1193.80 

II34II.49 

144,400 

...54,872,000 

19.493 

7243 1 

381 

1196.95 

1 14009.18 

145,161 

5S»3o6,34i 

19.519 

7-^| 

382 

1200.09 

114608.44 

145*924 

...55,742,968 

19.545 

7.«S«f 

383 

1203.23 

115209.27 

146,689 

56,181,887 

19.570 

7.26s  |i 

384 

1206.37 

II581I.67 

147,456 

...56,623,104 

19.596 

7.268 1 

385 

1209.51 

II6415.64 

148,225 

57,066,625 

19.621 

7.a7S 

386 

1212.65 

II702I.18 

148,996 

...57,512,456 

19.647 

7.281 

387 

1215.80 

117628.30 

149,769 

57,960,603 

19.672 

7.287 

388 

1218.94 

118236.98 

150,544 

...58,411,072 

19.698 

7.»94 

389 

1222.08 

118847.24 

151,321 

58,863,869 

19.723 

7.299 

390 

1225.22 

119459.06 

152,100 

•..59,319,000 

19.748 

7.306 

391 

1228.36 

120072.46 

152,881 

59,776,471 

19.774 

73" 

392 

1231.50 

120687.42 

153,664 

...60,236,288 

19.799 

7.319 

393 

1234.65 

121303.96 

154,449 

60,698,457 

19.824 

7.32s 

394 

1237.79 

121922.07 

155*236 

...61,162,984 

19.849 

7.331 

395 

1240.93 

122541.75 

156,025 

61,629,875 

19.875 

7.337 

396 

1244.07 

123163.00 

156,816 

•..62,099,136 

19.899 

7.343 

397 

1247.21 

123785.82 

157,609 

62,570,773 

19-925 

7.349 

398 

1250.35 

I244IO.2I 

158,404 

•..63,044,792 

19.949 

7.356 

399 

1253.49 

125036.17 

159,201 

63,521,199 

19-975 

7.362 

400 

1256.64 

125663.71 

160,000 

...64,000,000 

20.000 

7.368 

401 

1259.78 

126292.81 

160,801 

64,481,201 

20.025 

7.374 

402 

1262.92 

126923.48 

161,604 

...64,964,808 

20.049 

7.380 

403 

1266.06 

127553.73 

162,409 

65,450,827 

20.075 

7.386 

404 

1269.20 

128189.55 

163,216 

.65,939,264 

20.099 

7.39a 

405 

1272.34 

128824,93 

164,025 

66,430,125 

20.125 

7.399 

1  406 

1275-49 

129461.89 

164,836 

...66,923,416 

20.149 

.  7-405 

407 

1278.63 

130100.42 

165,649 

67,419,143 

20.174 

7.41 1 

408 

1281.77 

130740.52 

166,464 

•..67,911,312 

20.199 

7.417 

409 

1284.91 

131382.19 

^67,281 

68,417,929 

20.224 

7.422 

410 

1288.05 

132025.43 

168,100 

...68,921,000 

20.248 

7.429 

411 

1291.19 

132670.24 

168,921 

69,426,531 

20.273 

7.434 

412 

1294.34 

133316.63 

169,744 

•..691934,528 

20.298 

7.441 

413 

1297.48 

133964-58 

170,569 

70,444,997 

20.322 

7-447 

414 

1300.62 

134614.IO 

171,396 

•.•70,957,944 

20.347 

7-453 

415 

1303-76 

135265.20 

172,225 

71,473,375 

20.371 

7.459 

416 

1306.90 

135917.86 

173,056 

...71,991,296 

20.396 

7-465 

417 

1310.04 

136572.10 

^73,889 

72,511,713 

20.421 

7-471 

418 

1313-19 

137227.91 

174,724 

•..73,034,632 

20.445 

7.477 

419 

1316.33 

137885.29 

175,561 

73,560,059 

20.469 

7-483 

420 

1319-47 

138544.24 

176,400 

...74,088,000 

20.494 

7.489 

421 

1322.61 

139204.70  • 

177,241 

74,618,461 

20.518 

7495 

422 

1325.75 

139866.85 

178,084 

...75,151,448 

20.543 

7-501 

423 

1328.89 

140530.51 

178,929 

75,686,967 

20.567 

7.507 

424 

1332.03 

I4II95.74 

179,776 

...76,225,024 

20.591 

7.513 

425 

1335.18 

141862.54 

180,625 

76,765,625 

20.615 

7.518 

426 

1338.32 

142530.92 

181,476 

•77,308,776 

20.639 

7-524 

NUMBERS,  OR  DIAMETERS  OF  CIRCLES,  Ac 


a« 

\   0^. 

Cimilif 

qu»«. 

u 

Squm 

Cube 

Ub 

f    "^^ 

Am. 

Root. 

Root. 

7    ,'  1341-41^ 

143  200. 86 

182,329 

77.854,483 

20,664 

7.530 

1344.60 

.43872.38 

183,184 

...78,402,752 

20.688 

7.536 

I347-7-1 

144545.46 

184,041 

78,953.589 

20.712 

7-542 

iS5°-88 

145220.12 

184,900 

■  ■•79,507.000 

20.736 

7. 5  48 

1354-03 

145896-35 

185,761 

80,062,991 

20.760 

7-554 

'357-17 

146574.15 

186,624 

...80,621,568 

20.785  1  7-559 

1360-3' 

147253-52 

187,489 

81,182,737 

20,809;  7.565 

'363-45 

147934.46 

188,356 

...81,746,504 

20.833  1  7-57" 

1366.59 

148616.97 

189,225 

82,312,875 

20,857     7.577 

'369-73 

149301.05 

190,096 

,..82.881,856 

20.881 

7-583 

.37^.88 

149986.70 

190,969 

83,453,453 

20.904 

^588 

.376.0^ 

'50673.93 

191,844 

...84,027,672 

20.928 

7^594 

1379.16 

151362.72 

192,721 

84,604,519 

20.952 

7.600 

138^.30 

152053.08 

193,600 

,.,85,184,000 

20.976 

7.606 

'38544 

152745.02 

194,481 

85,766,121 

21.000 

7.612 

'388.58 

'53438-53 

195.364 

..,86,350,388 

21.024 

7.617 

'39'-73 

i54'33-6o 

196,249 

86,938,307 

21-047 

7.623 

1394-87 

154830.25 

'97- '36 

...87,528.384 

21.071 

7.629 

1 398-0  < 

'555=8.47 

198,025 

88,121,125 

21.095 

7.635 

i40"-'5 

156228.16 

198,916 

..,88,716,536 

21,119 

7,640 

1404-29 

156929.62 

199,809 

89,314,623 

21,142 

7.646 

1407-43 

'57632.55 

200,704 

-89,915.392 

21.166 

7.65a 

i4'o.57 

158337.06 

201,601 

90,518,849 

21. .89 

7^657 

M13-72 

1 5  9043- '3 

202,500 

...91,125,000 

21.213 

7-663 

1416.86 

159750-77 

203,401 

91,733,851 

21.237 

7.669 

1420.00 

160459-99 

204.304 

...92,345,408 

21.260 

7.674 

1423-14 

161170.77 

205,209 

92,959.677 

21.284 

7.680 

I4s6.z8 

.6.883.13 

206,106 

...93,576,664 

21.307 

7.686 

1429.42 

162597.06 

207,025 

94,196,375 

!  2'-33i 

7.691 

'43^-57 

163312-55 

207,936 

..,94,818,816 

21.354 

7.697 

1435-7I 

164029.62 

208,849 

95.443.993 

21.377 

7^703 

1438.85 

164748.26 

209,764 

■■■96,o7',9'2 

21.401 

7,708 

1441.99 

165468.47 

210,681 

96,702,579 

21.424 

7-7'4 

1445-13 

166190.25 

!  211,600 

,.,97,336,000 

2  1,447 

7-719 

1448.27 

166913.60 

212,521 

97,972,181 

21,47. 

7.725 

z 

.45t.42 

167638.53 

213.444 

,.,98,611,128 

21,494 

7-731 

J 

1454-56 

168365,02 

214,369 

99.252,847 

2i.5i7i  7^736 

♦ 

*i4S7-70 

169093.08 

215,296 

-99,897,345 

21.541  1  7^742 

1460.84 

169822.72 

216,225 

100,544.625 

21.564     7^747 

5 

1463.98 

170553-92 

217,156 

101,194,696 

21^587!  7-753 

7 

1467.. 2 

171286.70 

218,089 

101,847,563 

21,610  ,  7.758 

i 

1470.26 

172021.05 

219,024 

102,503,232 

21.633 

7.764 

'473-41 

172756.97 

219,961 

103,161,709 

21.656 

7.769 

1476.55 

173494.45 

220,900 

103,823,000 

21.679 

7-775 

1479.69 

174233-51 

1 221,841 

104,487,111 

21,702 

7.780 

1482.83 

174974.14 

1 222,784 

105,154,048 

1  21,725 

7-786 

1485.97 

175716.35 

223,729 

105,823,817 

21.749 

7-79' 

1489.11 

1  76460. 1  2 

224.676 

106,496,424 

21.771 

7-797 

76 

MATHEMATrcAJL  TABLES. 

. 

NbDibtr, 

OrcuDh 

a™i« 

Ana. 

s,««. 

Cute       Sj 

«™ 

^ 

475 

1492.26 

177205.46 

235,625 

107,171,875    21 

794 

78a 

476 

1495.40 

177952.37 

336,576 

107,850,176   21 

8.7 

7.8* 

477 

1498.54 

178700,86 

327,529 

i°8,53i,333   21 

840 

7.8»3 

478 

1501.68 

179450.91 

228,484 

109,215,352   21 

863 

7-8«» 

479 

i5°4-82 

180202.54 

229,441 

109,902,239   21 

886 

iM 

480 

1507.96 

180955,74 

330,400 

110,592,000   21 

909 

7-830 

48. 

iSi'-'i 

181710.50 

231.361 

111,284,641    21 

932 

7-83S 

48. 

i5'4-i5 

183466.84 

232,324 

111,980,168   21 

954 

7-a* 

483 

'517.39 

183224-75 

233.289 

.12,678,587   21 

977 

7-M 

484 

I5*''-S3 

183984.23 

234,256 

"3.379.904   22 

000 

7-as» 

485 

15=3-67 

184745.38 

235.225 

114,084,125   22 

023 

7^5? 

486 

1  1526.81 

185507.90 

236.196 

114,791,256    22 

045 

7^ 

487 

,  1529.96 

i8637..,o 

237,169 

"5.501.303   22 

069 

7.a68 

488 

1  1533-10 

187037.86 

238,144 

116,214,272    22 

091 

7-BW 

489 

;  1536-24 

187805.19 

339,131 

116,936,169    22 

"3 

?-»;« 

490 

i  1539-38 

'88574.10 

240.100 

117,649,000    22 

136 

7-884 

49  [ 

,  1542.52 

189344.57 

241,081 

118,370,771    22 

'58 

7.889 

49' 

J5A5-(>(' 

190116.6! 

342,064 

119,095,488    32 

181 

7-894 

493 

1548.80 

190890.34 

243.049 

119,823,157    33 

204 

7.899 

494 

155'. 95 

191665.43 

244,036 

120,553,784    32 

226 

7-905  1 

495 

1555-09 

192443.19 

245.025 

131,287.375    22 

24S 

7-9w> 

496 

'558-^3 

193330,51 

246,016 

123,023,936    22 

271 

7-915 

497 

;  'S6'-37 

194000.42 

247.009 

122,763,473    22 

293 

7.921 

498 

'5^4-5' 

194781-89 

248,004 

123,505.992    22 

316 

7.926 

499 

!  '567-65 

195564.93 

249,001 

124,251,499    22 

338 

7-932 

500 

1570.80 

196349.54 

250,000 

125,000,000    22 

361 

7-937 

5°' 

'573-94 

'97'35-7' 

251,001 

125.751,50'    22 

383 

7.94a 

50Z 

1577.08 

197923-48 

252,004 

136,506,008    22 

405 

7-947 

503 

1  1580.22 

198713.80 

253.009 

127.263.527    22 

428 

7-953 

504 

■  1583.36 

'99503-70 

254,016 

128,024.864    22 

449 

7-958 

S°5 

;  1586-50 

300396.17 

255.025 

128,787,625    22 

472 

7-963 

506 

1  1589.65 

201090.20 

256.036 

129,554,216    22 

494 

7.969 

507 

1592.79 

301885.81 

257,049 

130,323,843    22 

517 

7-974 

508 

1595.93 

203682.99 

358,064 

131,096,512    22 

539 

7-979 

509 

1599.07 

203481.74 

259.081 

131,872,229    22 

561 

7.984 

5" 

1602.11 

304282.06 

260,100 

132,651,000    22 

583 

7.989 

5" 

■605-35 

2050S3.95 

261,121 

133.432.831    22 

605 

7-995 

5'2 

1608.49 

305887.43 

262,144 

134.217.728    22 

627 

8.000 

513 

1611.64 

206693.45 

263,169 

135.005.697    22 

649 

8.005 

S'4 

!  1614.7S 

207499-05 

264,196 

135.796,744    22 

671 

8.010 

515 

1617.92 

208307.23 

265,225 

136,590.875    22 

694 

8.ot6 

5'6 

1631.06 

209116.97 

266,356 

137,388,096    22 

716 

8.031 

517 

1624.2Q 

209928,29 

267,289 

138,188,413    22 

738 

8.036 

5-8 

1627.34 

210741.18 

268,334 

138,991,832    22 

759 

8.031 

5'9 

:  1630.49 

Ji '555-63 

269.361 

139.798.359    22 

782 

8.036 

520 

1633.63 

312371.66 

270,400 

140,608,000    22 

803 

8.041 

521 

1636.77 

313189.36 

271,441 

141,420,761    22 

825 

3,047 

5" 

1639.91 

214008.43 

272.484 

142,236,648    22 

847 

8.052 

NUMBER^  OR  DIAMETERS  OF  CIRCLES,  Ac. 
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r 
eier. 


Oriub« 


ll, 


I 


64305 
646.19 

64934 
652.48 

655.62 

658.76 

661.90 

665.04 

668.19 

671.33 

674-47 
677.61 

680.75 

685.89 

687.04 

690.18 

693-32 
696.46 
699.60 
702.74 
705.88 
709.03 
712.17 

715.31 

718.45 

721.59 

724.73 
727.88 

731.02 

734-16 

737-30 
740.44 

743-58 
746.73 
749.87 
75300 

756.15 

759.29 

762.43 

765.57 
768.72 

771.86 

775.00 

778.14 
781.28 

784.42 

787.57 
790.71  j 


Circular 
Area. 


214829.17 
215651.49 

216475.37 
217300.82 

218127.85 

218956.44 

219786.62 

220618.32 

221451.65 

222286.53 

223122.98 

223961.00 

224800.59 

225641.75 

226484.48 

227328.77 

228174.66 

229022.10 

229871.12 

230721.71 

23*573.86 

232427.59 
233282.89 

234139.76 
234998.20 

235858.21 
236719.79 

237582.94 
238447.67 

239313.96 
240181.83 

241051.26 
241922.27 
242794.85 
243668.99 
244544.61 
245422.00 
246300.86 
247181.30 
248062.30 
248946.87 
249832.01 
250718.73 
251607.01 
252496.87 
253388.30 
254281.30 


SqoMe. 


273*529 
274,576 
275,625 
276,676 
277,729 
278,784 
279,841 
280,900 
281,961 
283,024 
284,089 
285,156 
286,225 
287,296 
288,369 

289,444 
290,521 

291,600 

292,681 

293,764 
294,849 

295,936 
297,025 
298,116 
299,209 
300,304 
301,401 
302,500 
303,601 

304,704 
305,809 

306,916 

308,025 

309,136 
310,249 

311,364 
312,481 

313,600 

314,721 

315,844 
316,969 

318,096 

319,225 
320,356 
321,489 
322,624 

323,761 
324,900  I 


CuIm. 


143,055,667 
143,877,824 
144,703,125 

145,531,576 
146,363,183 

147,197,952 
148,035,889 

148,877,000 
149,721,291 
150,568,768 
151,419,437 

152,273,304 

153,130,375 
153,990,656 

154,854,153 
155,720,872 

156,590,819 

157,464,000 

158,340,421 
159,220,088 
160,103,007 
160,989,184 
161,878,625 
162,771,336 
163,667,323 
164,566,592 
165,469,149 
166,375,000 
167,284,151 
168,196,608 
169,112,377 
170,031,464 

170,953,875 
171,879,616 

172,808,693 

173,741,112 

174,676,879 

175,616,000 

176,558,481 
177,504,328 

178,453,547 
179,406,144 

180,362,125 

181,321,496 

182,284,263 

183,250,432 

184,220,009 

I  Ss,  1 93,000 


Square 

Cube 

Root. 

Root. 

22.869 

8.057 

22.891 

8.062 

22.913 

8.067 

22.935 

8.072 

22.956 

8.077 

22.978 

8.082 

23.000 

8.087 

23.022 

8.093 

23.043 

8.098 

23.065 

8.103 

23.087 

8.108 

23.108 

8.1 13 

23.130 

8. 1 18 

23.152 

8.123 

23-173 

8.128 

23.195 

8.133 

23.216 

8.138 

23.238 

8.143 

23-259 

8.148 

23.281 

8.153 

23.302 

8.158 

23.324 

8.163 

23-345 

8.168 

23-367 

8.173 

23.388 

8.178 

23-409 

8.183 

23-431 

8.188 

23-452 

8.193 

23.473 

8.198 

23-495 

8.203 

23.516 

8.208 

23-537 

8.213 

23-558 

8.218 

23.579 

8.223 

23.601 

8.228 

23.622 

8.233 

23-643 

8.238 

23.664 

8.242 

23.685 

8.247 

23.706 

8.252 

23.728 

8.257 

23-749 

8.262 

23.769 

8.267 

23.791 

8.272 

23.812 

8.277 

23833 

8.282 

23-854 

8.286 

23.875 

1  8.29^  \ 
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MATHEMATICAL  TABLES. 


Number, 
or 

Circum* 

Circular 

Snuarc 

Cube. 

Square 

cyb»  ■ 

Diameter. 

ference. 

Area. 

^^\M%Mi^tm  ^^m 

Kooc 

Rflot  ^ 

571 

1793.85 

256072.00 

326,041 

186,169,411 

23.896 

8.296  5 

572 

1796.99 

256969.71 

327,184 

187,149,248 

23.916 

8.301  ? 

573 

1800.13 

257868.99 

328,329 

188,132,517 

23937 

8.306  I 

574 

1803.27 

258769.85 

329*476 

189,119,224 

23.958 

8.311  'i 

575 

1806.42 

259672.27 

330,625 

190,109,375 

23979 

8.315   " 

576 

1809.56 

260576.26 

331,776 

191,102,976 

24.000 

8.3K> 

577 

1812.70 

261481.83 

332,929 

192,100,033 

24.021 

8.325 

578 

1815.84 

262388.96 

334,084 

193,100,552 

24.042 

8.330 

579 

1818.98 

263297.67 

335,241 

194,104,539 

24.062 

8.33s 

580 

1822.12 

264207.94 

336,400 

195,112,000 

24.083 

8.339 

581 

1825.26 

265119.79 

337,561 

196,122,941 

24.104 

8.344 

582 

1828.41 

266033.21 

338,724 

197,137,368 

24.125 

8.349 

583 

1831.55 

266948.20 

339,889 

198,155,287 

24.145 

8-354 

584 

1834.69 

267864.76 

341,056 

199,176,704 

24.166 

8.359 

585 

1837.83 

268782.80 

342,225 

200,201,625 

24.187 

8.363 

586 

1840.97 

269702.59 

343,396 

201,230,056 

24.207 

8.368 

587 

1844. 1 1 

270623.86 

344,569 

202,262,003 

24.228 

8.373 

588 

1847.26 

271546.70 

345,744 

203,297,472 

24.249 

8.378 

589 

1850.40 

272471.12 

346,921 

204,336,469 

24.269 

8.382 

590 

1853.54 

273397.10 

348,100 

205,379,000 

24.289 

8.387 

591 

1856.68 

274324.66 

349,281 

206,425,071 

24.310 

8.392 

592 

1859.82 

275253-78 

350,464 

207,474,688 

24.331 

8.397 

593 

1862.96 

276184.48 

351,649 

208,527,857 

24.351 

8.401 

594 

1866.  H 

277116.75 

352,836 

209,584,584 

24372 

8.406 

595 

1869.25 

278050.59 

354,025 

210,644,875 

24.393 

8.41 1 

596 

1872.39 

278985-99 

355,216 

211,708,736 

24.413 

8.415 

597 

187553 

279922.97 

356,409 

212,776,173 

24.433 

8.420 

598 

1878.67 

280861.53 

357,604 

213,847,192 

24.454 

8.425 

599 

1881.81 

281801.65 

358,801 

214,921,799 

24.474 

8.429 

600 

1884.96 

282743.34 

360,000 

216,000,000 

24.495 

8.434 

601 

1888.10 

283686.60 

361,201 

217,081,801 

24.515 

8.439 

602 

1891.24 

284631.44 

362,404 

218,167,208 

24.536 

8.444 

603 

1894.38 

285577.84 

363,609 

219,256,227 

24.556 

8.448 

604 

1897.52 

286525.82 

364,816 

220,348,864 

24.576 

8.453 

605 

1900.66 

287475-36 

366,025 

221,445,125 

24.597 

8.458 

606 

1903.80 

288426.48 

367,236 

222,545,016 

24.617 

8.462 

607 

1906.95 

289379.17 

368,449 

223,648,543 

24.637 

8.467 

608 

1910.09 

290333-43 

369,664 

224,755,712 

24.658 

8.472 

609 

1913-23 

291289.26 

370,881 

225,866,529 

24.678 

8.476 

610 

1916.37 

292246.66 

372,100 

226,981,000 

24.698 

8.481 

611 

1919-51 

293205.63 

373,321 

228,099,131 

24.718 

8.485 

612 

1922.65 

294166.17 

374,544 

229,220,928 

24.739 

8.490 

613 

1925.80 

295128.28 

375,769 

230,346,397 

24.758 

8.495 

614 

1928.94 

296091.97 

376,996 

231,475,544 

24.779 

8.499 

615 

1932.08 

297057.22 

378,225 

232,608,375 

24.799 

8.504 

616 

1935.22 

298024.05 

379,456 

233,744,896 

24.819 

8.509 

617 

1938.36 

298992.44 

380,689 

234,885,113 

24.839 

8.513 

618 

1941.50 

299962.41 

381,924 

236,029,032 

24.859 

8.518 

NUMBERS,   OR  DIAMETERS  OF  CIRCLES,   &c 


Jb^',111  j!      bract. 

Crcutal 

Squm. 

C-ht. 

Squire 

Cute 

It2 

1 1944-65 

300933.95 

383.161 

"37.176,659 

24.879 

8.522 

1  Sao 

1  1947-79 

301907.05 

384,400 

238,628,000 

24.899 

8.527 

/«« 

1950-93 

302881.73 

385.641 

239.483,061 

24.919 

8.532 

/  622 

1954-07 

303857.98 

386,884 

240,641,848 

24939 

8-536 

{623 

195  7. 21 

304835.80 

388,129 

241,804,367 

24959 

8-541 

'  624 

'960.35 

305815.20 

389.376 

242,970,624 

24,980 

8-545 

625 

196350 

306796.16 

390.6^5 

244,140,625 

25.000 

8-549 

616 

1966.64 

307778.69 

391.876 

245.314,376 

25.019 

8-554 

6<7 

1969.78 

308762.79 

393.129 

246,491,883 

25.040 

8-559 

6>8 

1972.92 

309748.47 

394,384 

247.673.152 

25-059 

8-563 

S.9 

1976.06 

310735-71 

395.641 

248,858,189 

25079 

8.568 

630 

1979.20 

311724,53 

396,900 

250,047,000 

25099 

8.573 

«3' 

1982.34 

312714.92 

398,161 

251.239.591 

25,119 

8.577 

63^ 

1985.49 

313706.88 

399  424 

252,435.968 

25-139 

8.582 

<35 

I9S8.63 

314700.40 

400,689 

253.636,137 

2  =;.[=;() 

8,586 

654  ; 

1991.77 

31569550 

401,956 

254,840,104 

0.'7')'  8.591  I 

635 

1994-91 

316692.17 

403.225 

256,047,875 

-5-i')9  ,   8,595  1 

636 

1998.05 

317690.4a 

404,496 

257,259.456 

-5-2I9 

8.599 

637  i 

::ooi.I9 

318690.23 

405,769 

258,474,853 

-5-239 

8.604 

638 

2004-34 

3I969I.61 

407,044 

259.694.072 

^5.259 

8.609 

639  f 

2007.48 

320694.56 

408,321 

260,917,119 

25.278 

8.613 

640 

2010.62 

321699.09 

409,600 

262,144,000 

25-298 

8.618 

64. 

2013.76 

322705.18 

410,881 

263,374,721 

25.318 

8.622 

641 

2016.90 

3237'a.8s 

412,164 

264,609,288 

^5-338 

8.627 

6« 

2020.04 

324732.09 

413,449 

265,847,707 

25-357 

8.631 

6+4   1 

2023.19 

325732.89 

414.736 

267,089,984 

25-377 

8.636 

*45 

2026.33 

326745-27 

416,025 

268,836,125 

25.397 

S.640 

646  1 

2029.47 

327759-22 

417,316 

269,586,136 

25.416 

8.644 

647 

2032.61 

328774-74 

418,609 

270,840,023 

25.436 

8.649 

64S   , 

2035.75 

32979I.83 

419,904 

272,097,792 

25-456 

8.653 

6i9 

2038.89 

330810.49 

421,201 

2  73,359,449 

-5-475 

8.658 

6so 

2042.04 

331830.7  a 

422,500 

274,625,000 

25-495 

8.662 

S51  j 

2045.18 

33285^.53 

423.801 

275.894-451 

25-515 

8.667 

iS^   1 

2048.32 

333875-90 

425.104 

277,167,808 

25.534 

8.671 

SS3   1 

2051.46 

334900.85 

426,409 

278,445,077 

-'5-554 

8.676 

6)4   1 

2054.60 

335927-36 

427,716 

279,726,264 

\^-573 

8.680 

655 

=057. 74 

336955.45 

429,025 

281,011,375 

^5-593 

8.684 

■t',6 

2060.S8 

337985.10 

430,336 

282,800,416 

25,6.2 

8.689 

'65; 

2064.03 

339016.33 

431,649 

283,593.393 

25.632 

8.693 

1  658 

2067.17 

340049.13 

432,964 

284,890,312 

25-651 

8.698 

659 

2070.31 

341083.50 

434.281 

286,191,179 

25.671 

8.702 

|S6o 

3073.45 

342119.44 

435.600 

287,496,000 

25.690 

8.706 

'  661 

2076.59 

343156.95 

436,921 

288,804,781 

25.710 

8.7 1 1 

1  661 

1079.73 

344196.03 

438,244 

290.117,528 

25.720 

8.715 

'66j 

2082.88 

345236.69 

439.569 

291.434.247 

25-749 

8.719 

1  6*4 

to86.02 

346278.91 

440.896 

292,754.944 

25-768 

8.724 

665 

1089.16 

3473"- 70 

442,225 

294.079,625 

25-787 

8.728 

\m 

1092.30 

348368.07 

443.556 

395,408,196 

25.807 

8-733 
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Number. 
Diameter. 

S=: 

Art*. 

Squ». 

Cube. 

te 

St 

667 

2095-44 

349415.00 

444,889 

296,740,963 

35.836 

8.737 

668 

1098.5S 

350463- S' 

446.224 

298,077,632 

25.846 

!-'5  - 

669 

3101.73 

35iS'3-S9 

447,561 

299,4  8.309 

25.865 

8.7<6  : 

670 

2104.87 

352565-34 

448,900 

300,763,000 

35-884 

8.750 

67. 

3I08.0I 

353618-43 

450,241 

303,111,711 

25904 

8-733 

671 

3III.IS 

354673.24 

451.584 

303,464.448 

25-923 

1759 

'73 

2114.39 

355729.60 

452.9a9 

304,821,317 

25-942 

8.763 

674 

3117.43 

356787-54 

454.276 

306,182,024 

35.96. 

8.7« 

67s 

3130.58 

357847-04 

455.625 

307,546,875 

35.981 

8.77t 

676 

3133.73 

358908-" 

456,976 

308,915,776 

36.000 

8.77* 

677 

3126.86 

359970-75 

458,329 

310,288,733 

26.019 

8.781 

678 

2130.00 

361034-97 

459,684 

311,665,752 

26.038 

8.785 

679 

3133.14 

362100.75 

461,041 

313,046,839 

26.058 

8.789 

680 

3136.38 

36316&11 

462,400 

314,432,000 

36.077 

8.794 

68 1 

213942 

364237-04 

463,76. 

315,821,341 

36.096 

8.198 

683 

2142.57 

365307-54 

465,134 

317,214,568 

36.115 

8.803 

683 

2I4S-7I 

366379.60 

466,489 

318,611,987 

36.134 

8.807 

6S4 

2148.8s 

367453.24 

467.856 

320,013,504 

26.153 

8.811 

685 

3151.9, 

368528.45 

469,225 

33I,419.'25 

36.173 

8.815 

686 

2iS5>3 

369605.23 

470.596 

333,828,856 

26.192 

8.819 

687 

2.58.3, 

370683.59 

471,969 

324,242,703 

26.311 

8.8»4 

688 

3161.42 

371763-5' 

473-344 

315,660,672 

26.339 

8.838 

689 

a  164-56 

372845.00 

474,721 

327,082,769 

26.249 

8.833 

6,0 

2167.70 

373928.07 

476,100 

328,509,000 

26.268 

8.836 

69. 

2170.84 

375o"-70 

477,481 

329.939.371 

36.287 

8.841 

69, 

2173.98 

376098.91 

478,864 

331,373,888 

26.306 

8.845 

693 

2177.12 

377186.68 

480,249 

332,812,557 

36.335 

8.849 

6,4 

2180.27 

378276.03 

481,636 

334,255.384 

26.344 

8.853 

6,5 

2.83.41 

379366.95 

483,035 

335.70^,375 

26.363 

8.858 

696 

2. 86. 55 

380459-44 

484.416 

337.i5.i,5J<i 

26.382 

8.862 

697 

2189.69 

381553-50 

485.809 

338,6oS,S73 

26.401 

8.866 

698 

2192,83 

382649.43 

487.204 

340,063,393 

26.419 

8.870 

699 

2195-97 

383746.33 

488,601 

341,532,099 

26.439 

8.S75 

700 

2199.12 

384845.10 

490,000 

343.000,000 

26.457 

8.879 

701 

3202.26 

385945-44 

491.401 

344,472-  0 

26.476 

8.883 

70. 

2205.40 

387047.36 

492.804 

3+5,948,088 

26.495 

8.887 

J°3 

2208.54 

388150.84 

494,209 

347.428,927 

36.514 

8.893 

704 

2211.68 

389255.90 

495,616 

34^,913.664 

26.533 

8.896 

70s 

22.4.S2 

390362.52 

497,035 

350.402,625 

26.553 

8.900 

706 

2217.96 

391470-3= 

498,436 

351,895,816 

36.571 

8.904 

707 

zz21.11 

392580.49 

499,849 

353,393,243 

26.589 

8.908 

708 

2224.25 

393691.83 

501,264 

354,894,912 

26.608 

8.913 

709 

2227.39 

394804.74 

502,681 

356.400,829 

26.637 

8.917 

710 

2230.53 

395919.21 

504,100 

357,911,000 

26.644 

8.921 

7" 

2233.67 

397035-27 

505.5^1 

359.425.431 

26.664 

8.925 

711 

2236.81 

398152.89 

506,944 

360,944,138 

26.683 

8,929 

713 

2239.96 

399172.08 

508,369 

363,467,097 

26.703 

8.934 

714 

2»43-io 

400393.84 

509.796 

363.994.344 

26.721 

8-938 

NUMBERS,   OR  DIAMETERS  OF  CIRCLES,  &c. 


8l 


1  Xcibcr. 

1  Of     Circum- 

Circular 

1 

Square. 

Cube. 

Square 

Cube 

\  1  I'S 

f  1   Icrence. 

Area. 

Root. 

Root. 

2246.24 

4OI515.18 

511*225 

365.525.875 

26.739 

8.942 

■  I  Ji6 

2249,38 

402639.08 

512,656 

367,061,696 

26.758 

8.946 

1  J'^ 
7'« 

2252.52 

403764-56 

514,089 

368,601,813 

26.777 

8.950 

2255.66 

404891.60 

515*524 

370,146,232 

26.795 

8.954 

!    719 

1  2258.81 

406020.22 

516,961 

371,694,959 

26.814 

8.959 

'  1  7^ 

2261.95 

407150.41 

518,400 

373,248,000 

26.833 

8.963 

7" 

2265.09 

408282.17 

519,841 

374,805,361 

26.851 

8.967 

722 

2268.23 

409415.50 

521,284 

376,367,048 

26.870 

8.971 

7*3 

2271.37 

410550.40 

522,729 

377*933,067 

26.889 

8.975 

7*4 

2274.51 

411686.87 

524,176 

379*503,424 

26.907 

8.979 

VS 

2277.66 

412824.91 

525*625 

381,078,125 

26.926 

8.983 

726 

2280.80 

413964.52 

527,076 

382,657,176 

26.944 

8.988 

7*7 

2283.94 

415105.71 

528,529 

384,240,583 

26.963 

8.992 

728 

2287.08 

416248.46 

529*984 

385,828,352 

26.991 

8.996 

7*9 

2290.22 

417392.79 

531*441 

387,420,489 

27.000 

9.000 

730 

2293.36 

418538.68 

532,900 

389,017,000 

27.018 

9.004 

73  » 

2296.50 

419686.15 

534*361 

390,617,891 

27.037 

9.008 

73* 

2299.65 

420835.19 

535*824 

392,223,168 

27.055 

9.012 

733 

2302.79 

421985.79 

537*289 

393*832,837 

27.074 

9.016 

734 

230593 

423137.97 

538,756 

395*446,904 

27.092 

9.020 

735 

2309.07 

424291.72 

540,225 

397*065,375 

27.III 

9.023 

736 

2312.21 

425447.04 

541,696 

398,688,256 

27.129 

9.029 

737 

2315-35 

426603.93 

543*169 

400,315,553 

27.148 

9033 

738 

2318.50 

427762.40 

544*644 

401,947,272 

27.166 

9.037 

739 

2321.64 

428922.43 

546,121 

403,583,419 

27.184 

9.041 

740 

2324.78 

430084.03 

547*600 

405,224,000 

27.203 

9.045 

741 

2327.92 

431247.21 

549,081 

406,869,021 

27.221 

9.049 

74* 

2331.06 

432411.95 

550,564 

408,518,488 

27.239 

9.053 

743 

'  2334.20 

433578.27 

552,049 

410,172,407 

27.258 

9.057 

744 

233735 

434746.16 

553*536 

411,830,784 

27.276 

9.061 

745 

2340.49 

435915.62 

555*025 

4i3,493»6z5 

27295 

9.065 

746 

234363 

437086.64 

556,516 

415,160,936 

27-313 

9.069 

747 

2346.77 

438259.24 

558,009 

416,832,723 

27.331 

9.073 

748 

234991 

439433.41 

559*504 

418,508,992 

27.349 

9.077 

749 

2353-05 

440609.16 

561,001 

420,189,749 

27.368 

9.081 

750 

2356.20 

441786.47 

562,500 

421,875,000 

27.386 

9.086 

751 

2359.34 

442965.35 

564,001 

423,564,751 

27.404 

9.089 

75* 

2362.48 

444145.80 

565*504 

424,525,900 

27.423 

9.094 

753 

2365.62 

44532783 

567,009 

426,957,777 

27.441 

9.098 

.  754 

2368.76 

446511.42 

568,516 

428,661,064 

27.459 

9.102 

755 

2371.90 

447696.59 

^^  ^%  ^^ 

570,025 

430,368,875 

27.477 

9.106 

1   756 

237504 

448883.32 

571,536 

432,081,216 

27.495 

9.109 

757 

2378.19 

450071.63 

573*049 

433*798,093 

27.514 

9.II4 

7S« 

2381.33 

451261.5I 

574,564 

435*519*512 

27.532 

9.1 18 

i  759 

2384.47 

452452.96 

576,081 

437*245,479 

27.549 

9.122 

!  760 

2387.61 

45364598 

577,600 

438,976,000 

27.568 

9.126 

761 

2390.75 

454840.57 

579,"i 

440,711,081 

27.586 

9.129 

76a 

2393.89 

456036.73 

580,644 

442,450,728 

27.604 

9-134 

MATHEMATICAL  TABLES. 


NuBber. 

fe^^ 

"^T^"" 

-■ 

Cube. 

^r 

as 

763 

2397.04 

457234.46 

582.169 

444,194,947 

37.633 

9.'3» 

764 

2400.18 

458433-77 

583,696 

445,943.744 

37.640 

9.1*1 

765 

2403.32 

459634.64 

585,225 

447,697,125 

37.659 

9..4« 

766 

3406.46 

460837,08 

586,756 

449,455,096 

37.677 

9<« 

767 

2409,60 

462041.10 

588,289 

4S'-ai7,663 

37.69s 

9.  IS* 

768 

2412-74 

463246.69 

589,824 

452,984,832 

"7-713 

9..S» 

769 

2415.89 

464453-84 

591,361 

454,756,609 

37.731 

9..«, 

770 

2419.03 

465662,57 

592,900 

456,533,000 

37.749 

9..«6 

77" 

2422-17 

466872.87 

594,441 

458,314,011 

37.767 

9.69 

772 

2425-31 

468084.74 

595,984 

460,099,648 

37.785 

9-.7$ 

773 

2428.45 

469298.18 

597,529 

461,889,917 

37.803 

9.in 

774 

2431.59 

470513.19 

599,076 

463,684,824 

37.83. 

9..«. 

77S 

2434. 73 

471729-77 

600,625 

465,484,375 

27.839 

».»s 

776 

2437.88 

472947-92 

602,176 

467,288,576 

37.857 

9..8» 

777 

2441.02 

474167.65 

603,729 

469,097,433 

37.875 

9.93 

778 

2444.16 

475388.94 

605,284 

470,910,952 

37.893 

».97 

779 

2447-30 

476611,81 

606,841 

472,729.139 

27.910 

9.301 

780 

2450.44 

477836.24 

608,400 

474,552,000 

37.928 

9.205 

781 

2453-58 

479062,25 

609,961 

476,379,541 

37.946 

9.309 

781 

2456-73 

480289.83 

611,524 

478,211,768 

37.964 

9.J13 

783 

2459.87 

481518.97 

613,089 

480,048,687 

27.983 

9.3.7 

784 

2463.01 

482749.69 

614,656 

481,890,304 

38.000 

9.331 

785 

2466,15 

483981.98 

616,225 

483,736,025 

38.017 

9.335 

786 

2469,29 

485215.84 

617,796 

485,587,656 

38.036 

9.339 

787 

2472-43 

486451,28 

619,369 

487,443,403 

28.053 

9333 

788 

a47S.S8 

487688.28 

620,944 

489,30^,872 

38.07. 

9-237 

789 

2478.72 

488926.85 

622,521 

491,169,069 

38.089 

9.340 

790 

2481.86 

490166.99 

624,100 

493,039,000 

28.107 

9-344 

791 

2485.00 

491408.71 

625,681 

494,9  3.67T 

28.. 25 

9-34» 

791 

2488.14 

492651.99 

627,264 

496,79.5,°88 

28.142 

9-35" 

793 

2491.28 

493896.85 

628,849 

498,677,257 

38.160 

9-356 

794 

249443 

495 '43-28 

630,436 

500,566,184 

38.178 

9.360 

795 

2497-57 

496391.27 

632,025 

502,459,875 

38.196 

9.364 

796 

2500.71 

497640.84 

633,616 

504,358,336 

38.213 

9.368 

797 

2503-85 

498891,98 

635,209 

506,261,573 

28.231 

9.271 

798 

2506.99 

500144,69 

636,804 

508,169,592 

38.249 

9.275 

799 

2510.13 

501398.97 

638,401 

510,082,399 

38.366 

9.379 

800 

2513-27 

S02654.82 

640,000 

5 1 2,000,000 

38.384 

9-383 

801 

2516,42 

503912.25 

641,601 

513,922,401 

38.303 

9-287 

802 

2519-56 

50517124 

643,204 

515,849,608 

"8.319 

9-291 

803 

2522.70 

506431.80 

644,809 

517,781,627 

28.33; 

9- "95 

804 

2525-84 

507693.94 

646,416 

519,718,464 

"S.3SS 

9-399 

80s 

2528.98 

508957-65 

648,025 

521,660,125 

28.373 

9-30" 

806 

2532,12 

510222,92 

649.636 

523,606,616 

38.390 

9-306 

807 

2535-27 

5' 1489-77 

651,249 

525-557,943 

38.408 

9-310 

808 

2538.41 

512758-19 

652,864 

527,514,112 

28.425 

9-3'4 

809 

2541.5s 

514028.19 

654,481 

529,474,129 

28.443 

9.318 

810 

2544-09 

515299.74 

656,100 

531,441,000 

38.460 

9.3»I 

M'MBERS,   OR   DIAMETERS  OF  CIRCLES, 


s; 

i^     ^ 

- 

Cole. 

^ 

a 

"fcT 

!  '547-83     5i657».86 

657,721 

533.411.731 

28.478 

9-3>5 

Sii 

•  2550-97     5'7847.57 

659,344 

535-387,328 

28.496 

9.329 

!•' 

,    J554.IJ     Si9"3-84 

660,969 

537,366,797 

28-513 

9-333 

S14 

1557.16     5Z0401.6S 

662,596 

539,353.144 

28.531 

9-337 

«>s 

1   3560.40     511681.10 

664.225 

541.343,375 

28.548 

9-34' 

ti6 

,'  '563-54     522962.08 

665,856 

543.338,496 

28.566 

9.345 

«•; 

1    2566.68,  524244.63 

667,489 

545,338,513 

^8.583 

9.348 

S18 

1  2569.82     515528.76 

669,124 

547.343.435 

i8.6oi 

9-352 

!" 

,  a572-96     526814.46 

670,761 

549-353.259 

2S.618 

9-356 

fao 

1^576.. .     52S.0..73 

672,400 

551,368,000 

28.636 

9-360 

811 

'  2579-25     529390-56 

674,041 

553,387,661 

28.653 

9-364 

»« 

2582.39     530680.97 

675.684 

555.412,248 

28,670 

9-367 

8-3 

=585-53     53«972.9S 

677.329 

557,441,767 

28.68S 

9-371 

8.4 

2538-67  1  533266.50 

678,976 

559,476,224 

28.705 

9- 3  75 

82s 

2591.81     534561-63 

680,625 

561,515,625 

28.723 

9-379 

8.6 

2594-96  1  535858.32 

682,276 

563.559.976 

28.740 

9-383 

8!7 

*598-'o     537'56-58 

683,929 

565,609,283 

28.-58 

9-386 

818 

3601.24     538456.41 

685.584 

567,663,552 

'8,775 

9-390 

t„ 

2604.38     53975782 

687.24. 

569,722,789 

28.792 

9-394 

I30 

2607.52     541060.79 

688,900 

571.787,000 

28.810 

9398 

«Ji 

2610.66     542365-34 

690.561 

573,856,191 

28.827 

9-401 

8j. 

2613.81     543671.46 

692,224 

57S.930.368 

28.844 

9-405 

«33 

2616.95     544979-15 

693.889 

578,009,537 

28.861 

9.409 

»34 

2620.09     546288.40 

695.556 

580,093,704 

28.879 

9-413 

:«3S 

2623.23     54759923 

697,225 

582,182,875 

28.896 

9-4'7 

836 

2626.371  54891163 

698,896 

584,277,056 

28.914 

9.420 

1  (37 

;      2629.51    '     550225-6" 

700,569 

586,376,253 

28.931 

9-424 

1  »38 

i     2632.64        551541-15 

702,244 

588,480,472 

28.948 

9-428 

»39 

2635.80        553S58.I6 

703.921 

590,589.7 '9 

28.965 

9-432 

M 

*638.9i,'  554176.94 

705,600 

592,704,000 

28.983 

9-435 

1  84. 

:  2642.08  1  55S497-20 

707,381 

594,823,321 

29.000 

9-439 

84s 

!  2645.22  ■  556819-02 

708,964 

596,947,688 

29.017 

9-443 

«43 

2648.36     558142.42 

710,649 

599,077,107 

'9034 

9-447 

1  «44 

»65i.5o|  559467-39 

712,336 

601,211,584 

29.052 

9450 

1  »« 

2654.65     560793-92 

714,025 

603,351,125 

29.069 

9-454 

846 

2657.79     562122.03 

715.716 

605,495,736 

29086 

9-458 

«47 

2660.93,  56345I71 

717,409 

Go  7,645 .4=  3 

29.103 

9.461 

8,8 

2664.07  1  564782.96 

719,104 

(109,  Soo,   92 

29.110 

9-465 

84, 

2667.21  i  566115.78 

720,801 

611,960,049 

29138 

9.469 

»5» 

2670.3s     567450-17 

722,500 

614,125,000 

29-155 

9-473 

85. 

2673.50     568786.14 

724,201 

616,295,051 

29.172 

9-476 

85. 

2676.64;  57o'23-67 

725,904 

618,470,208 

29.189 

9.480 

853 

2679.78     571462.77 

727,609 

620,650,477 

29.206 

9-483 

854 

2682.92     572803.45 

729,316 

622,835,864 

29.223 

9.487 

«S5 

2686.06:  574145-69 

731,025 

625,026,375 

29240 

9-491 

856 

2689.20     57548951 

732,736 

627,222,016 

29-257 

9-495 

«57 

2692.35  1   576834.90 

734.449 

629,422,793 

29274 

9-499 

»s« 

2695.49  1   578181.85 

736,164 

631,628,712 

29.293 

9.502 

MATHEMATICAL  TABLES. 


Number, 
Duimeler 

&: 

""J^ 

Squjua, 

c^ 

^r- 

Koa 

859 

2698,63 

579530-38 

737,881 

633,839,779 

29.309 

9.506 

860 

2701.77 

580880.48 

739,600 

63fi,<:$6,oao 

29.326 

9.509 

861 

2704-9' 

581232.15 

741.321 

638,277.381 

29343 

9-SiJ 

863 

2708.05 

583585-39 

743.044 

640,503,928 

29.360 

9-SW 

863 

2711.19 

584940-21 

744,769 

642.735.647 

39.377 

9SM 

864 

2714-34 

586296.59 

746,496 

644,972,544 

29-394 

9-5»4 

86s 

2717.45 

587654.54 

'    748^225 

647,214,635 

29.411 

9S»« 

866 

3730.62 

589014.07 

'    749,956 

649,461,896 

29.428 

9-S3« 

867 

27*3-76 

590375-'6 

751.689 

651,714.363 

29.445 

9-S3S 

868 

2726.90 

591737-83 

753r424 

653-972-032 

29.462 

9-539 

869 

2730.04 

593102.06 

755,'6i 

656,234,909 

29.479 

9-543 

870 

'733-'9 

594467.87 

756,900 

658,503,000 

29-496 

9-546. 

87. 

2736-33 

595835-25 

758,641 

660,776,311 

29-513 

9-5S'' 

87^ 

2  739-47 

597204.20 

760,384 

663,054,848 

39,539 

9-SS4 

873 

2742.61 

598574-72 

762,129 

665,338,617 

29,546 

9-557 

874 

2745-75 

599946.81 

763,876 

667,627,624 

29-563 

9-56' 

875 

2748.89 

601320.47 

765.625 

669,921,875 

29,580 

9-565 

876 

2752-04 

602695.70 

767.376 

672,221,376 

29-597 

9-568 

877 

2755-18 

604072.50 

769,129 

674.526.133 

29,614 

9-57a 

878 

2758-32 

605450:88 

770,884 

676.836,152 

29631 

9- 575 

879 

2761.46 

606830.82 

772,641 

679.151,439 

39.648 

9-579 

880 

2764.60 

608212.34 

774,400 

681,472,000 

29.665 

9-583 

88 1 

2767.74 

609595.42 

1  776,161 

683,797,841 

29,682 

9.586 

883 

2770.89 

610980,08 

777-924 

686,128,968 

29,698 

9-590 

■883 

2774-03 

612366.31 

779.689 

688,465,387 

29-715 

9-594 

884 

2777.17 

613754-11 

781,456 

690,807,104 

29.732 

9-597 

885 

2780.31 

615143-48 

783.225 

693,154.125 

39.749 

9-601 

886 

2783-45 

616534.42 

784.996 

695.506.456 

29.766 

9.604 

887 

2786.59 

617926.93 

786,769 

697,864,103 

29,782 

9.608 

888 

2789.73 

619321.01 

788,544 

700,227,072 

29,799 

9.6.2 

889 

2792.88 

620716,66 

790,321 

702,595,369 

29.816 

9.615 

890 

7796.02 

622113.89 

792,100 

704,969,000 

29-833 

9.619 

891 

2799-16 

623512,68 

793,881 

707.347.971 

29.850 

9.623 

892 

2802.30 

624913,04 

795,664 

709.732,288 

29.866 

9.626 

893 

2805.44 

626314.98 

797,449 

712,131,957 

29-883 

9.630 

894 

2808.58 

627718,49 

799.236 

714,516.984 

39.900 

9-633 

895 

28.1.73 

629123-56 

801,025 

716,917,375 

29.916 

9-637 

896 

2814.87 

630530.21 

802,816 

719,323.136 

29-933 

9.640 

897 

2818.01 

631938-43 

804,609 

721,734,273 

29.950 

9.644 

898 

2821.15 

633348.22 

806,404 

724-150.792 

29.967 

9.648 

899 

2824.29 

634759.58 

808,101 

726,572,699 

29.983 

9.651 

900 

2827.43 

636172,51 

810,000 

729,000,000 

30.000 

9-655 

901 

2830.58 

637587,01 

811,804 

731.432,701 

30.017 

9-658 

90  J 

2833.72 

639003.09 

813,604 

733,870,808 

30.033 

9.662 

903 

2836.86 

640420.73 

815,409 

736.314,327 

30.050 

9.666 

904 

2840.00 

641839.95 

817,216 

738,763,264 

30.066 

9.669 

90s 

2843-14 

643260.73 

819,025 

741,217,625 

30.083 

9673 

906 

2846.28 

644683.09 

820,836 

743.677.416 

30.100 

9.676 

NUMBERS,  OR  DIAMETERS  OF  CIRCLES,  &c 


L 


'  2852.57 
»855-7' 
3858.85 
3861.99 
»865.i3 
2868.37 
2871.42 
2874.56 
3877.70 
3880.84 
3883.98 
Z887.12 
3890.27 
2893.41 
2896.5s 
3899.69 
3903.83 
2905.97 
2909.13 

I  3912.26 
2915.40 

I  3918.54 
2921. 68 

I  2934.82 

I  3927.96 
293 1. 1 1 

1  2934- "5 
2937-39 

U  2940.53 

I  2943.67 

I  394996 
29S3-10 

1  2956.34 
295938 
3963.52 
3965.66 
3968.81 

i  2971.95 
2975.09 
2978.23 
2981.37 
398451 
2987.66 
3990.80 
»993-94 
3997.0S 


646107.01 
647532.51 
648959-58 
650388.31 
651818.43 
653250.21 
654683.56 
656118.48 
657554-98 
65899304 
66043  '-68 
661873.88 
663316.66 
664761.01 
666306.93 
667654.41 
669103.47 
67055410 
672006.30 
673460.08 
674915.43 
676372-33 
677830.82 
679290.87 
680752.50 
682215.69 
683680.46 
685146.80 
68661471 
68808419 
689555.24 
691027.86 
692502^05 
693977.82 

695455- 'S 

696934.06 
69841453 
699896.56 
701380.28 
702865.38 
704352.14 
705840.47 
707330-37 
708821.84 
710314.88 
711809.58 
713305.68 
714803.48 


822,649 
824,464 
826,381 
828,100 
829,921 
831,744 
833.569 
835.396 
837,"s 
839.056 
840,889 
842,724 
844.561 
846,400 
848,241 
850,084 
851,929 
853.776 
855.625 
857.476 
859.329 
861,184 
863,041 
864,900 
866,761 
868,624 
870,489 
873,356 
874.225 
876,096 
877,969 
879,844 
881,721 
883,600 
885,481 
887,364 
889,749 
891,136 
893.025 
894,916 
896,809 
898,704 
900,601 

904,401 
906,304 
908,209 
910,116 


746,142,643 
748,613,312 
751,089,419 
753.571.000 

756,058,03. 

758,550,528 

761,048,497 

763.551.944 

766,060,875 

768,575.296 

771,095.213 

773.620,632 

776.151. SS9 

778,688,000 

781,229,961 

783.777.448 

786,330,467 

788,889,024 

79'.453.i25 

794,022,776 

796.597,983 

799.178,752 

801,765,089 

804,357.000 

806,954,491 

809.557.568 

812,166,237 

814,780,504 

817,400,375 

820,025,856 

822,656,953 

825,293.672 

827,936,019 

830,584,000 

833,:i37,6; 

^35,896,888 

838,561,807 

841,232,384 

843,908,625 

846,590,536 

849.278,123 

851,971,392 

854,670.349 

857,375.°°° 

860,085,35. 

862,801,408 

865,523,177 

868,350,664 


30.116 
30-133 

30.150 
30. 163 
30.183 
30.199 

30.216 
30.232 
30.249 
30.265 
30.282 
30.298 
30.315 
30-331 
30.348 
30-364 
30.381 
30.397 
30.414 
3O.430 
30-447 
30463 
30.479 
30.496 
30.512 
30.529 
30-545 
30.561 
30.578 
30.594 
30.610 
30.627 
30-643 
30.659 
30.676 
30.692 
30.708 
30.724 
30.741 
30.757 
30-773 
30.790 

30.822 
30.838 
30.854 
30.871 
30.887 


9.680 
9.683 
9.687 

9-694 
9.698 
9.701 


9-715 

9.718 

972J 

g.726 

9.729 

9.733 

9-736 

9-740 

9.743 

9-747 

9-7SO 

9.754 

9-7S7 

9.761 

9.764 

9.768 

9-771 

9-775 

9.778 

9-783 

9-785 

9.789 

9.792 

9.796 

9.799 

9.803 

9.806 

9.8i( 

9-813 

9.817 

9.830 

9-823 

9.827 

9.8; 

9.834 

9.837 

9.841 

9.844 


MATHEMATICAL  TABLES. 


Number. 

Sss: 

Cirgubr 
At™. 

Squm. 

Cube; 

^r 

St 

955 

300a  a  2 

716302.76 

912,025 

870,983,875 

30.903 

9-841 

956 

3003.36 

717S03.66 

913.936 

873,722,8.6 

30.9.9 

9.851 

957 

3006.50 

719306.12 

915.849 

876,467,493 

30-93  S 

958 

3009.65 

720810.16 

917,764 

879,217,912 

30.951 

9-^ 

959 

3012.79 

722315.77 

919.68. 

881,974,079 

30.968 

9.861 

9I0 

30  >  5-93 

723822.95 

921,600 

884,736,000 

30.984 

t^ 

96. 

3019.07 

725331-70 

923.521 

887,503,681 

31-000 

562 

3022.21 

726842.02 

925.444 

890,277,128 

31.016 

9.871 

963 

30*5-35 

728353-91 

9*7.369 

893.056,347 

31-032 

9-87S 

964 

30.8.50 

729867.37 

929,296 

895,841,344 

31-048 

9-«7« 

965 

3031-64 

731382.40 

931,225 

898.632,125 

31.064 

9.88. 

9M 

3034-78 

732899.01 

933.156 

901,428,696 

3. .080 

9^ 

967 

3037-92 

734417.18 

935.089 

904,231,063 

31097 

9.88, 

968 

3041.06 

735936.93 

937,024 

907.039,232 

31.113 

9-8jt 

969 

304420 

737458.25 

938,961 

909,853,209 

31-1*9 

9.895 

970 

3047-35 

738981.13 

940,900 

911,673,000 

31-145 

9-899 

971 

3050-49 

740505.59 

942,841 

915,498,611 

3i->6i 

9.902 

97a 

3053-63 

742031.62 

944,784 

918,330,048 

31-177 

9.9=4 

973 

3056-77 

743559-" 

946,729 

921,167,317 

31-193 

9.909 

974 

3059-91 

745088.39 

948,676 

924,010,424 

31.209 

9.9" 

975 

3063.05 

746619.13 

950.625 

926,859,375 

31.225     9.916 1 

976 

3066.19 

748151.44 

952,576 

929,714,176 

3.-241 

9.919 

977 

3069-34 

749685.3a 

954,529 

932,574,833 

31-257 

9.9»3 

978 

3072.48 

75I22O.7S 

956,484 

935.441,352 

31-273 

9.936 

979 

3075,62 

752757.80 

958,441 

938,313,739 

31-289 

9.9,9 

980 

3078.76 

754296.40 

960,400 

94r,i92,ooo 

31-305 

9.9M 

98. 

3081.90 

755836.56 

962,361 

944.076.141 

31.321 

9.93» 

982 

3085.04 

757378.30 

964,3*4 

946,966,168 

31.337 

9.940 

983 

3088.19 

758921.61 

966,289 

949,862.087 

31.353 

9-943 

984 

3091-33 

760466.48 

968,256 

952,763,904 

31-369 

9.946 

985 

309447 

762012.93 

970,225 

955-671,625 

31-385 

9-950 

986 

309761 

763560.95 

972,196 

958,585,256 

31-401 

9-953 

987 

3100.75 

765HO.54 

974,169 

961,504,803 

31-416 

9.956 

988 

3103.89 

766661.71 

976,144 

964,4,30.572 

3i-43» 

9.960 

9S9 

3107-04 

768214.44 

978,121 

967,36  .669 

31.448 

9.963 

990 

3110.18 

769768.74 

980,100 

970,299,000 

31-464 

9.966 

99J 

3"3-32 

771324.61 

982,081 

973,242,271 

31-480 

9-970 

992 

3116.46 

772882.06 

984,064 

976,191,488 

31.496 

9-973 

993 

3119.60 

774441.07 

986,049 

979,146,657 

31-512 

9-977 

994 

3122.74 

776001.66 

988,036 

982,107,784 

31528 

9.980 

995 

3125.89 

777563-82 

990,025 

9S5,o74,S75 

31.544 

9.983 

996 

3129,03 

779127.54 

992,016 

988,047,936 

3"-5S9 

9.987 

997 

3132-17 

780692.84 

994,009 

991,026,973 

31-575 

9.990 

998 

3135-31 

782259.71 

996,004 

994,0.1,992 

3»-59i 

9.993 

999 

3138-45 

783828.15 

998,00. 

997.002,999 

31-607 

9-997 

1000 

3141.60 

785398.16 

1,000,000 

1,000,000,000 

31-633 

CIRCLES: — DIAMETER,   CIRCUMFERENCE,  &C.  8 

TABLE  No.  IV.     CIRCLES:— DIAMETER,  CIRCUMFERENCE, 
AREA,  AND  SIDE  OF  EQUAL  SQUARE. 


SLd=rf 

Slileof 

"— ■ 

Gmdr- 

Ana. 

EquiiSauin 
.Squan  Root 
ofArml. 

DUmrta. 

f^^'. 

a™. 

?r!F 

3 

9.42+8 

7,0686 

2.6586 

r 

.1963 

.00307 

■0553 

3'/.6 

9.6211 

7.3662 

2.7140 

^ 

.01227 

.M07 

3^ 

9.817s 

7.6699 

2.7694 

/• 

.02761 

.1661 

3V.6 

iaoi4 

7-9798 

2.8248 

7854 

.04909 

.2215 

3X 

8.2957 

2.8801 

r 

9817 

.07670 

.2770 

3*/.<s 

10.406 

8.6180 

2-93SS 

" 

1781 

.1104 

•33=3 

iH 

8.9462 

2.9909 

r 

3744 

.1503 

.3877 

3'/.6 

10.799 

g.2807 

3.0463 

5708 

.1963 

■443' 

2H 

10.99s 

9.6211 

3.1017 

i- 

7771 

.3485 

■4984 

3»/.6 

11.191 

9.9680 

3-157" 

9635 

.3068 

■5539 

yH 

11.388 

10.320 

3.2124 

r 

L1598 

■37'=! 

.6092 

ir 

11,584 

10.679 

32678 

2.3562 

.44<7 

.6646 

11.781 

11.044 

3.3232 

•ti.t 

3.S5JS 

.5.85 

.7200 

3'i/.. 

11.977 

11.4.6 

3^3786 

a 

2.7489 

.6013 

■7754 

3« 

12.173 

"-793 

3^4  340 

.>/.. 

2.9451 

.6903 

.8308 

yil,i 

12.369 

12.177 

3-4894 

I 

3.1416 

■7854 

.8862 

4 

12.566 

T2.566 

35448 

,  I'/t 

3-3379 

.8866 

.9416 

til'' 

12,762 

12.962 

3.6002 

•'*, 

3-S343 

.9940 

.9969 

12.959 

'3-364 

3-6555 

•  >,'■• 

3-7306 

I.107S 

1.0524 

4>;,t 

'3-'5S 

13-772 

3.7109 

•X 

3.9270 

1.227 1 

1.1017 

4X 

13-35' 

.4-1S6 

3.7663 

1  •,',. 

4-1233 

1.3530 

T.163. 

14" 

'3- 547 

14.606 

3.8217 

iH 

4-3 '97 

1.4848 

i.2.85 

'3.744 

15.033 

3.877' 

1  T/-S 

4.5160 

1.6229 

1.2739 

ill- 

13.940 

15-465 

3-9325 

'H 

4.7114 

1.7671 

1.3293 

'4. '37 

15.904 

39880 

i»;.. 

4.9087 

1.9175 

t-3847 

4»/.l 

'4-333 

16-349 

4-0434 

iH 

S-">S> 

2.0739 

1,4401 

4M 

14.529 

16,800 

4.0987 

■"/,« 

5-30U 

2.2365 

'-4955 

tt 

14.725 

'7-257 

4. '541 

IX 

5.4978 

2.4052 

1.5508 

14.922 

17.720 

4.2095 

i-V,. 

S-6941 

2.5800 

1.6062 

tt 

15.119 

18.190 

4.26^8 

•H 

5.8905 

2.76T 

1.6616 

'S-3'S 

18-665 

4.3202 

i.Vis 

6.0868 

2,9483 

1.7170 

4"/.6 

■5-5" 

19.147 

4-3756 

3 

6.3832 

3.1416 

1.7724 

5 

■  5.708 

^9.635 

4-4310 

!>?- 

6.4795 

3.3380 

1.8273 

5 'As 

15.904 

4-4864 

6.6759 

3-5465 

1.8831 

S)4 

16.100 

joiig 

4-5417 

?#• 

6.8722 

3-7584 

1-9385 

5V.6 

16.296 

21.135 

4.5971 

7.0686 

3.9760 

1.9939 

5M 

16.493 

21,647 

4.6525 

2./.. 

7.2649 

4.2000 

2,0493 

54^^ 

22.T66 

4-7079 

»M 

7-46' 3 

4.4302 

2.1047 

5H 

22.690 

4.7633 

27/,, 

7.6576 

3.7066 

2.1601 

5 'As 

17.082 

23.221 

43187 

2« 

7.8540 

4.9087 

2.2155 

SH 

17.273 

23758 

4-874' 

,^^" 

8.0503 

5-'573 

2.2709 

5  "1,6 

17-474 

24.301 

4.9295 

8.2467 

5.4119 

2.3262 

SH 

17.671 

24.850 

4-9848 

2"/.6 

8.4430 

5-6723 

2.3816 

5"/i6 

17-867 

25.406 

5-0402 

aW 

8.6394 

5-9395 

2,4370 

SX 

18.064 

25.967 

5.0956 

2'J/.a 

8-83S7 

6.2126 

2.4924 

S"/-6 

18.261 

26.535 

5.1510 

2J< 

90321 

6.49' 8 

2,5478 

SM 

18.457 

27.108 

5.2064 

a-s/.« 

9.2284 

6.7772 

a.6032 

5'>/.« 

18.653 

27.6S8 

5.2618 

MATHEMATICAL  TABLES. 


Side  of 

Sidctf 

DixneKc 

Circoin- 

Area. 

Equal  SquiT. 

DLinKis. 

Cimu,- 

a™. 

6 

1S.849 

28.274 

5-3172 

,2 

37.699 

113-097 

10.634 

«X 

[9.341 

29.464 

S.4280 

■2X 

38.091 

.15.466 

« 

19.63s 

30.679 

5-5388 

UX 

38.484 

117-859 

6}i 

20.027 

3i-9'9 

5.6495 

I2« 

38.877 

.20,276 

m 

20.420 

33.183 

5-7603 

'2X 

39.270 

122,718 

11^77 

6)4 

2oS]3 

34-47' 

5,871. 

12X 

39662 

125.184 

i..i88 

6X 

2;;3 

35-784 

5,9819 

12!i 

40.055 

127.676 

11.299 

6» 

37.122 

6,0927 

I2H 

40.448 

130.192 

11409 

7  , 

21.991 

38.484 

6,2034 

'3  , 

40.840 

132-732 

11.520 

7X 

22.383 

39-871 

6.3142 

13X 

41.233 

135-297 

11.631 

7X 

22.776 

41.282 

6.4350 

13,V 

41.626 

1 37-886 

11.741 

7H 

23-169 

42.718 

6,5358 

13H 

42.018 

140.500 

11.853 

7)i 

23.562 

44.178 

6.6465 

na 

42  41" 

'43139 

11.963 

7X 

23.954 

45.663 

6-7573 

nii 

42.804 

145.802 

12.074 

7X' 

24-347 

47-173 

6.8S81 

nU 

43.197 

.48,489 

.2.185 

7« 

24-740 

43.707 

6.9789 

UX 

43.589 

151.201 

12.296 

8 

25.132 

50.26; 

7.0897 

'4 

43.982 

153-938 

12.406 

S}< 

25-515 

51.848 

7.2005 

■  4X 

44-375 

156.699 

12-517 

!« 

25.918 

53-456 

7-3112 

14?^ 

44.767 

159485 

12.628 

8« 

26.310 

55.088 

7.4220 

14H 

45.T60 

162.295 

.2.739 

8M 

26.703 

56.745 

7,5328 

I4« 

45553 

165.130 

12.850 

i-H 

27.096 

53.426 

7,6436 

14X 

45.945 

167,989 

.2.960 

8K 

27-4S9 

60..32 

7-7544 

'4^ 

46.33a 

170-873 

13.071 

8;< 

27.881 

61.862 

7,865. 

i4;< 

46.731 

173-782 

.3-182 

g  , 

2S.274 

63.617 

7.9760 

'5   , 

47.124 

176.715 

.3.293 

9)< 

28.667 

65-396 

8,0866 

■i>< 

47.516 

179-672 

'3-403 

9V 

29.059 

67.200 

8,1974 

■sx 

47.909 

1B2.654 

13-514 

9H 

29.452 

69.029 

8.3081 

i5« 

48.302 

185.661 

.3.625 

9K 

29.845 

70.882 

8.4190 

15X 

48.694 

188.692 

13-736 

s'*. 

30.237 

72.759 

8,5297 

■5X 

49.087 

191.748 

13-847 

93^ 

30-630 

74.662 

8.6405 

15  X 

49.480 

194-828 

13-957 

9M 

31.023 

76.588 

8.7513 

■S5< 

49.871 

'97933 

14-068 

lo 

31.416 

78.540 

8,8620 

:6 

& 

201.062 

14. '79 

loX 

3..808 

80.515 

8,9728 

.6J< 

204.216 

14.290 

loX 

32,201 

82.516 

9.0836 

16X 

51.051 

207,394 

14400 

loX 

32-594 

84-540 

9.1943 

■  6K 

51.443 

210.597 

14.511 

io;i 

32.9B6 

86.590 

9.3051 

.6>i 

51.836 

2.3-825 

.4.622 

lOX 

33-379 

88,664 

9.4159 

16X 

52.229 

217.077 

'4732 

loX 

33-772 

90,762 

9.5267 

16X 

52.621 

220,153 
223.654 

14-843 

io?i 

34.164 

92.885 

9.6375 

.6ji 

53-014 

14.954 

,, 

34-557 

95-033 

9.748a 

17  , 

53-407 

226.980 

.5.065 

i"H 

34-950 

97.205 

9.8590 

■7>i 

53-799 

23a330 

15.176 

11)< 

35-343 

99.402 

9.9698 

■  7X 

54192 

233-705 

15,286 

"H 

35-735 

101.623 

10.080 

17« 

54-585 
54.978 

237.104 

15-397 

iij< 

36.128 

103.869 

10,19. 

"M 

240,528 

15.508 

"X 

36.521 

106,139 

10.302 

■7« 

55-370 

243-977 

15.619 

ii)C 

36.913 

108,434 

10.413 

I7J( 

56.156 

247.450 

15.730 

"?< 

37-306 

110,753 

.0.523 

■7H 

250.947 

15.840 

CIRCLES: — DIAMETER,   CIRCUMFERE^■CE,  &C. 


H 

Sidtot 

Side  ol 

r- 

^■ 

AlCL 

Diuneut. 

£s:.t 

A«. 

^SF 

H,s 

S6.i4S 

254-469 

15-951 

24 

75-398 

452390 

31.268 

S6.MI 

258-016 

16.062 

mH 

75791 

457-iiS 

21-379 

57-334 

261.587 

16.173 

24H 

76.183 

461.864 

21490 

57-726 

265.182 

16.283 

mH 

76.576 

466.638 

21.601 

58-119 

268.803 

16394 

MH 

76.969 

471.436 

21.712 

58-5" 

272.447 

16.505 

24« 

77-361 

476.259 

21.822 

58-905 

276.117 

16.616 

24)i 

77-754 

481.106 

21.933 

B^w 

59-197 

279.8U 

16-727 

24« 

78.147 

485.978 

22.044 

W^ 

sx 

283-529 

16.837 

25 

78540 

490.875 

22.1  SS 

287.272 

16.948 

2s>i 

78.932 

495.796 

22.265 

££l 

291,039 

17.060 

25^ 

79-325 

500.741 

22.376 

•tx 

17-170 

^SH 

79-7 '8 

505.711 

22.487 

■9X 

61.261 

17.280 

25  >i 

80.110 

510.706 

22.598 

tx 

61.653 

'739' 

25  H 

tn 

515.725 

22.709 

m 

62.046 

306.355 

17.502 

^sH 

520.769 

22.819 

■»x 

6=-439 

310.245 

17.613 

25Jfi 

8i,383 

525.837 

22.930 

to 

62.332 

314-160 

17.724 

26 

8i.68[ 

530.930 

23.041 

»« 

63.!^4 

318.099 

17834 

26  ji 

82-074 

536-047 

23.152 

»x 

6J.6.7 

322.063 

17-945 

26V 

82.467 

541.189 

23-062 

»)< 

64.010 

326.051 

18.056 

26ji 

82.859 

546-356 

23.373 

»,«, 

64.402 

330.064 

18.167 

26}i 

83-252 

551-S47 

23-484 

"H 

64-79; 

334. 10  T 

18.277 

26H 

83.645 

556.762 

23.59s 

"V 

6;.  188 

338-163 

18.388 

26H 

84.037 

562.002 

23-708 

»» 

65. 5  to 

342.250 

18499 

26?i 

84.430 

567-267 

23.816 

11 

65-973 

346.361 

18.610 

27 

84.823 

572.556 

23.927 

'■H 

66.366 

350-497 

18.721 

27  J* 

85.215 

577.870 

24-038 

"V 

66.759 

354-657 

18.831 

27V 

85.608 

583.208 

24.149 

iiM 

67-iSi 

358.841 

18.942 

VH 

86.001 

588.57- 

24.259 

iiK 

67.544 

363.051 

19.053 

2yA 

f,^ 

593-958 

24.370 

itK 

67937 

367-284 

19.164 

VH 

599.370 

24481 

"K 

6S.J39 

37 '-543 

19.274 

27V 

87.179 

604.807 

24.592 

..X 

68.722 

375.826 

19.385 

27^ 

87.572 

610.268 

24-703 

w 

69.. IS 

380.133 

'9.496 

28 

87.964 

615.753 

24.813 

OX 

69.507 

384.465 

19.607 

28>i 

88.357 

62.263 

2+924 

MX 

69.9a> 

388.822 

19.718 

28X 

88.750 

616.798 

25-035 

«■« 

i^m 

393.203 

19828 

28>li 

89.142 

632.357 

25-146 

nji 

397-608 

19939 

28^ 

89-535 

637.941 

25.256 

nX 

71.078 

402.038 

20.050 

28^ 

89.928 

643-594 
649182 

25.367 

=» 

7M7I 

406.493 

20.161 

28ji- 

90.321 

25.478 

"X 

71.864 

410.972 

20.271 

28^ 

90-713 

654.839 

25.589 

»3 

72.256 

415-476 

20.382 

29 

91.106 

660.521 

25.699 

"jX 

72.649 

420.004  1 

20.493 

2<)'A 

91-499 

666.227 

2S-8.0 

■JV 

73.042 

424-557 ; 

20.604 

29V 

91-891 

671.958 

25.921 

"3)4 

73-*34 

429-135  ' 

20.715 

29*i 

92.284 

677.714 

26JJ32 

■3X 

73.827 

433-731 

20.825 

29K 

92.677 

683.494 

26.143 

«« 

74.220 

438-363  ' 

20.936 

29« 

93.069 

6S9.298 

26.253 

33V 

74.613 

443.014 

21.047 

^9H 

93-462 

695.128 

26.364 

>3K 

7S-a>S 

447-699  . 

21.158 

29  J* 

93855 

700.981 

26.478 

90 


MATHEMATICAL  TABLES. 


Side  of 

Sideof  1 

JXtmtttt. 

Circum- 
ference. 

Area. 

Equal  Souare 

(Square  Root 

of  Area). 

Circum- 

Area. 

Equal  S«a 

y> 

94.248 

706.860 

26.586 
26.696 

3^. 

"3.097 

1017.87 

31.9^1 

3P'A 

94.640 

712.762 

36H 

113.490 

1024.95 

32/H4fl 

30X 

9S-033 

718.690 

26.807 

36X 

113.883 

1032.06 

32.I24  1 

3f>H 

95426 

724.641 

26.918 

36H 

114-275 

1039.19 

32.a3f  1 

3PH 

95.818 

73a6i8 

27.029 

36X 

114.668 

1046.35 

s^ml 

3pH 

96.211 

736.619 

27.139 

36H 

115.061 

1053.52 

32.49. 1 

3f>H 

96.604 

742.644 

27.250 

3f^ 

115.453 

1060.73 

32.m.  1 

y>?i 

96.996 

748.694 

27.361 

3^H 

1 1 5.846 

1067.95 

32.871  1 

31 

97.389 

754-769 

27.472 

37 

116.239 

1075.21 

327«9 

3IX 

97.782 

760.868 

27.583 

37}i 

116.631 

108^.48 

32.900 

3»V 

98.175 

766.992 

27.693 

37% 

117.024 

1089.79 

33.011 

3iH 

98.567 

773.140 

27.804 

37>i 

117.417 

1097. 1 1 

33.o«l 

3i}i 

98.968 

779.313 

27.915 

37^ 

117.810 

1104.46 

33.23a 

3tH 

99353 

785.510 

28.026 

37H 

118.202 

1111.84 

33.343 

31^ 

99.745 

791.732 

28.136 

37^' 

118.505 
118.988 

1 1 19.24 

33.4S4 
33.504 

3^% 

100.138 

797.978 

28.247 

37;< 

1126.66 

32 

100.531 

804.249 

28.358 

35, 

119.380 

1134.11 

33.675 
33.786 

32  >< 

100.924 

810.545 

28.469 

38X 

119.773 

1141.59 

32V 

101.316 

816.865 

28.580 

3»}< 

120.166 

1149.08 

33.897 

32H 

101.709 

823.209 

28.691 

3m 

120.558 

1156.61 

34.008 

3^% 

102.102 

829.578 

28.801 

38^ 

120.951 

1164.15 

34.1 1« 

32H 

102.494 

835.972 

28.912 

38^ 

121.344 

1171.73 

34.229 

32H 

102.887 

842.390 

29.023 

38^ 

121.737 

1179.32 

34.340 

32H 

103.280 

848.833 

29.133 

38?< 

122.129 

1186.94 

34.451 

33 

103.672 

855.30 

29.244 

39  , 

122.522 

1194.59 

34.561 

33X 

104.055 

861.79 

29.355 

39  H 

122.915 

1202.26 

34.672 

33X 

104.458 

868.30 

29.466 

39X 

123.307 

1209.95 

34.783 

33H 

104.850 

874-84 

29.577 

39H 

1 23.700 

1217.67 

34-894 

33^ 

105.243 

881.41 

29.687 

39>^ 

124.093 

1225.42 

35.005 

33H 

105.636 

888.00 

29.798 

39^ 

124.485 

1233.18 

35.115 

33J<' 

106.029 

894.61 

29.909 

39JK 

124.878 

1240.98 

35.226 

33?< 

106.421 

901.25 

30.020 

39'A 

125.271 

1248.79 

35337- 

34 

106.814 

907.92 

30.131 

40 

125.664 

1256.64 

35.448 

34X 

107.207 

914.61 

30.241 

40X 

126.056 

1264.50 

51:S 

34X 

107.599 

921.32 

30.352 

40X 

126.449 

1272.39 

34?< 

107.992 

928.06 

30.463 

40H 

126.842 

1280.31 

35780 

34X 

108.385 

.934.82 

30.574 

4o)i 

127.234 

1288.25 

35.891 

3*^ 

108.777 

941.60 

30.684 

40H 

127.627 

1296.21 

36.002 

34?< 

109.170 

948.41 

30.795 

AO% 

128.020 

1304.20 

36.112 

34^ 

109.563 

955.25 

30.906 

AoH 

128.412 

1312.21 

36.223 

35 

109.956 

962.11 

31.017 

41 

128.805 
129.198 

1320.25 

36.334 

35  H 

1 10.348 

968.99 

31.128 

41 X 

1328.32 

36.445 

35X 

1 10.741 

975.90 

31.238 

41  x: 

129.551 
129.983 

1336.40 

^^111 

35?< 

III. 134 

982.84 

31.349 

41H 

1344.51 

36.666 

35^ 

1 1 1.526 

989.80 

31.460 

AiH 

130.376 

1352.65 

36.777 

35  >< 

111.919 

996.78 

31.571 

AiH 

130.769 

1360.81 

36.888 

35M: 

112.312 

1003.78 

31.681 

41  ¥ 

131. 161 

1369.00 

36.999 

35?< 

112.704 

1010.82 

31.792 

AiJi 

131.554 

1377.21 

37.109 
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4»     ! 
42X 

^'H  i 
4»M 

42J<   ! 

Qrcnm- 

Area. 

Side  of 
Equal  Square 
;Square  Koot 

of  Area). 

Diameter. 

Circum- 
ference. 

Area. 

Side  of 

Equal  Square 

;  Square  Root 

of  Area). 

131.947 
132.339 
132.732 
133.125 
133.518 
133.910 
134.303 
134.696 

1385.44 
1393.70 
1401.98 

I4ia29 
1418.62 
1426.98 
1435.36 
1443.77 

37.220 

37.331 
37.442 

37-663 

37-774' 
37.885 

37.996 

48 

48X 

48V 

48H 

48V 

48V 

48V 

4»H 

150.796 
151. 189 
151.582 
151-974 

152.367 
152.760 

153.153 
153.545 

1809.56 
1818.99 
1828.46 

1837.93 
1847.45 

1856.99 

1866.55 

1876.13 

42.537 
42.648 

42.759 
42.870 

42.980 

43.091 
43-202 

43-313 

43      i 

43^ 

43X 

43M 

43^ 

43^ 

43J^ 

43^ 

135.088 
135.481 

135.874 
156.266 
136.659 
137.052 

137.445 
137.837 

1452.20 
1460.65 

1469.13 
1477.63 
1486.17 

1494.72 
1503.30 

1511.90 

38.106 
38.217 
38.328 

38.439 

38.549 
38.660 

38.771 
38.882 

49  ^ 
49X 
49V 
49N 

49>i 
49^ 
49V 
49^ 

153.938 
154.331 
154.723 
I55.II6 

155.509 
155.901 

156.294 
1 56.687 

1885.74 

1895.37 
1905.03 

1914.70 

1924.42 

1934-15 
1943.91 
1953.69 

43.423 
43.534 
43.645 
43.756 
43.867 

43.977 
44.088 

44.199 

44 

44J< 

44X 

HH 

U>i 

UH 

UK 

138.230 
138.623 

139.015 
139.408 

139.801 

140.193 
140.586 

140.979 

1520.53 
1529.18 

1537.86 

1546.55 
1555.28 

1564.03 

1572.81 

1581.61 

38.993 
39.103 
39-214 
39-325 
39-436 
39.546 

39.657 
39-768 

SO 
50V 
50V 
50V 

157.080 
157.865 
158.650 
159.436 

1963.50 
1983.18 
2002.96 
2022.84 

44.310 

44.531 
44.753 
44.974 

SI 

SiV 

SiV 

SiV 

160.221 
161.007 
161.792 

162.577 

2042.82 
2062.90 
2083.07 

2103.35 

45.196 

45.417 

45.639 
45.861 

45^ 

4S« 
4SV 
4S?< 

141.372 
141.764 

142.157 
142.550 
142.942 

143.335 
143.728 

144.120 

1590.43 
1599.28 

1608.15 

1617.04 

1625.97 

1634.92 

1643.89 

1652.88 

39-879 

39-989 
40.110 

40.211 

40.322 

40.432 

40.543 
40.654 

52 

S2V 
S2V 
S2V 

163.363 
164.148 

164.934 

165.719 

2123.72 
2144.19 
2164.75 
2185.42 

46.082 

46.304 
46.525 

46.747 

53, 
S3V 

S3V 

S3V 

166.504 
167.290 
168.075 
168.861 

2206.18 
2227.05 
2248.01 
2269.06 

46.968 
47.190 
47.411 
47.633 

46 

46X 

46V 

46H 

4f>}i 

46H 

46M: 

46;< 

144.513 
144.906 
145.299 
145.691 
146.084 

146.477 
146.869 

147.262 

1661.90 
1670.95 
1680.01 
1689.10 
1698.23 
1707.37 
1716.54 

1725.73 

40.765 
40.876 
40.986 
41.097 
41.208 

41.319 
41.429 
41.540 

S4 
S4V 
S4V 
S4V 

169.646 

170.431 
I7I.217 

172.002 

2290.22 

2311.48 

•  2332.83 

2354.28 

47.854 

48.076 

48.298 
48.519 

5S 

SSV 
SSV 
SSH 

172.788 

173.573 
174.358 
175-144 

2375-83 
2397.48 
2419.22 

2441.07 

48.741 

48.962 

49.184 
49.405 

47 

47X 

47V 

47« 

47V 

47« 

47V 

47;< 

1   147.655 

N  148.047 
1  148440 
148.833 
149.226 
1  149.618 
150.01 1 
150.404 

1734.94 
1744.18 

175345 
1762.73 

1772.05 

1781.39 
1790.76 
1800.14 

41.651 
41.762 

41.873 

41.983 
42.094 

42.205 

42.316 

42.427 

S6 
56V 
56V 
S6V 

175.929 
176.715 
177.500 
178.285 

2463.01 
2485.05 

2507.19 
2529.42 

49.627 
49.848 

50.070 
50.291 
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Diameter. 

1  Circum- 
ference. 

Area. 

Side  of 

Equal  Square 

(Square  Root 

of  Area}. 

Diameter. 

1 

Circum- 
ference. 

Area. 

Side  0 

Equal  S« 

(Square  K 

ofAiti^ 

h 

57  >i 
57«' 

179.071 
179.856 
180.642 
181.427 

2551.76 
2574.19 
2596.72 
2619.35 

50.513 
50.735 
50.956 
51.178 

68 

68X 
68  ji 

68^ 

213.628 
214.414 
215.199 
215.985 

3631.68 

3658.44 
3685.29 
3712.24 

6a26l 
6o^«3 
6a704 

58 
58X 
58>i 
58X 

182.212 
182.998 

183.783 
184.569 

2642.08 
2664.91 
2687.83 
2710.85 

51.399 
51.621 

51.842 

52.064 

69 
69X 
69>i 
69^' 

216.770 

217.555 
218.341 

219.126 

3739.28 
3766.43 

3793.67 
3821.02 

59  , 
59X 

59>i 

59^ 

185.354 
186.139 

186.925 

187.710 

2733.97 
2757.19 

2780.51 

2803.92 

52.285 
52.507 
52.729 
52.950 

70 

70X 
70^ 
70X 

219.912 
220.697 
221.482 
222.268 

3848.46 

3875.99 
3903.63 
3931.36 

62.034 
62.255 

62477 
62.698 

60 

60X 
6o>i 
60X 

188.496 
189.281 
190.066 
190.852 

2827.44 
2851.05 
2874.76 
2898.56 

53.172 
53.393 
53.615 
53.836 

71 

71X 
71X 
71H 

223.053 
223.839 
224.624 
225.409 

3959.20 

3987.13 
4015.16 

4043.28 

62.920 
63.141 
63-363 

63.545 

61 

61X 
6i>i 
6i>C 

191.637 
192.423 
193.208 

193.993 

2922.47 
2946.47 
2970.57 

2994-77 

54.048 

54-279 
54.501 

54.723 

72 

72X 
72K 
72H 

226.195 
226.980 
227.766 
228.551 

4071.51 

4099.83 
4128.25 

4156.77 

63.86S 
64.028 
64.249 
64471 

62 

62X 
62^ 

62X 

194.779 
195.564 
196.350 
197.135 

3019.07 

3043.47 
3067.96 

3092.56 

54-944 
55.166 

55.387 
55.609 

73 
73X 
7i)i 
73H 

229.336 
230.122 
230.907 
231.693 

4185.39 
4214.11 

4242.92 

4271.83 

64.693 
64.914 
65.135 
65.357 

63 
63X 
63>i 
63X 

197.920 
198.706 
199.491 
200.277 

3117.25 
3142.04 

3166.92 

319I.9I 

55.830 
56.052 

56.273 
56.495 

74 
74X 
74X 
74H 

232.478 
233.263 

234.049 
234-834 

4300.85 

4329.95 
4359.^6 

4388.47 

65.578 
65.800 
66.022 
66.243 

64 
64V 
64X 
64X 

201.062 
201.847 
202.633 
203.418 

3216.99 
3242.17 

3267.46 
3292.83 

56.716 
56.938 

57.159 
57.381 

75 

7SH 
75>^ 
75M^ 

235.620 
236.405 
237.190 
237.976 

4417.87 

4447.37 
4476.97 

4506.67 

66465 

66.686 
66.908 
67.129 

65 
65X 
65  >^ 
65?^ 

204.204 
204.989 
205.774 
206.560 

3318.31 
3343.88 

3369.56 

3395.33 

57.603 

57.824 
58.046 

58.267 

76 

76X 
76^ 
76H 

238.761 

239.547 
240.332 

241. 117 

4536.47 
4566.36 

4596.35 
4626.44 

67.351 
67.572 

67.794 
68.016 

66 
66X 
66>i 
66^ 

207.345 
208.131 

208.916 

209.701 

3421.20 
3447.16 

3473.23 
3499.39 

58.489 
58.710 

58.932 
59.154 

77 
77}i 
77H 
77  H 

241.903 
242.688 

243.474 
244.259 

4656.63 
4686.92 
^717.30 
4747.79 

68.237 

68.459 
68.680 

68.902 

67 

67  >i 
.67^ 

210.487 
211.272 
212.058 
212.843 

3525.66 
3552.01 

3578.47 
3605.03 

59.375 
59.597 
59.818 

60.040 

78 
78X 
78^ 
78X 

245.044 
245.830 
246.615 
247.401 

4778.37 
4809.05 

4839.83 
4870.70 

69.123 

69.566 
69.788 
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^   Grcnm- 
'1  focace. 

Area. 

Side  of 
Equal  Square 
(Square  Root 

of  Area). 

Diameter. 

Circum- 
ference. 

Area. 

Side  of 

Equal  Souare 

(Square  Root 

of  Area). 

248.186 
248.971 

249-757 
250.542 

4901.68 

4932.75 
4963.92 

4995.19 

7aoo9 

70.231 

70453 
70.674 

90 
90X 

90H 

282.744 
283.529 
284.314 
285.099 

6361.74 
6399.12 
6432.62 
6468.16 

79.758 
79.980 
80.201 
80.423 

'  251.328 

252.113 

i  252.898 

!  253.683 

5026.56 
5058.00 

5089.58 
5121.22 

70.896 
71. 118 

71.339 
71.561 

9'  . 
9'X 

9'X 

91M' 

285.885 
286.670 
287.456 
288.242 

6503.89 
6539.68 

6573.56 
6611.52 

80.644 
80.866 
81.087 
81.308 

254.469 
255.254 

256.040 
256.825 

5153.00 

5184.84 
5216.82 
5248.84 

71.782 
72.004 
72.225 

72.447 

92 
92V 

92X 

289.027 
289.812 

290.598 
291.383 

6647.62 
6683.80 
6720.07 
6756.40 

81.530 
81.752 
81.973 

82.195 

257.611 

258.396 

259.182 

259.967 

1 

5281.02 
5313.28 
5345.62 
5378.04 

72.668 
72.890 

73.1  " 

73-333 

93  , 
93X 

93H 

93^ 

292.168 
292.953 

293.739 
294.524 

6792.92 
6829.48 
6866.16 
6882.92 

82.416 
82.638 
82.859 
83.081 

"  1 

260.752 

:  261.537 

!  262.323 
1  263.108 

i 

5410.62 

5443.24 
5476.00 

5508.84 

73.554 

7377^ 

73.997 
74.219 

94 
94X 
9AH 
94^ 

295.310 
296.095 
296.881 
297.666 

6939.79 
6976.72 
7013.81 
7050.92 

83.302 

83.524 
83.746 

83.968 

263.894 
264.679 

265465 
266.250 

5541.78 
5574.80 

5607.95 
5641.16 

74.440 
74.662 

74.884 
75.106 

95 

9SH 
9SH 
95J< 

298.452 

299.237 
300.022 

300.807 

7088.23 
7125.56 
7163.04 
7200.56 

84.189 
84.411 
84.632 

84.854 

267.036 
1   267.821 

268.606 
1   269.392 

5674.51 
5707.92 

5741.47 
5775.09 

75.327 

75.549 
7S'77o 

75992 

96 
96V 
96>i 
96^ 

301.593 
302.378 
302.164 
303.948 

7238.24 
7275.96 

7313.84 
7351.72 

85.077 
85.299 

85.520 

85.742 

:  270.177 

27a962 
271.748 

272.533 

5808.81 
5842.60 

5876.55 
5910.52 

76.213 

76.435 
76.656 

76.878 

97 
97X 
97^ 
97^' 

304.734 
305.520 

306.306 

307.090 

7389.80 
7427.96 
7474.20 

7504.52 

85.963 
86.185 

86.407 

86,628 

273.319 
274.104 
274.890 

275.675 

5944.69 
5978.88 

6013.21 

6047.60 

77.099 
77.321 
77.542 
77.764 

98 
98X 
98  >i 
98«' 

307.876 
308.662 

309.446 
310.232 

7542.96 
7581.48 
7620.12 
7658.80 

86.850 
87.072 

87.293 
87.515 

276.460 

277.245 
278.031 

278.816 

6082.13 
6116.72 
6151.44 
6186.20 

77.985 
78.207 

78.428 

78.650 

99  , 
99^, 
99>i 
99^ 

3II.OI8 
311.802 
312.588 

313.374 

7697.68 
7736.60 

7775.64 
7814.76 

87.736 
87.958 
88.180 
88.401 

100 

314-159 
315.730 

7854.00 
7932.72 

88.623 
89.066 

279.602 
280.387 

281.173 
281.958 

6221.15 
6256.12 
6291.25 
6326^44 

78.871 

79.093 
79.315 
79.537 

lOI 

317.301 
318.872 

8011.84 
8091.36 

89.509 
89.952 
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Diameter. 

Circum- 
ference. 

Area. 

Side  of 

Equal  Square 

(Square  Root 

of  Area). 

Diameter. 

Circum- 
fierence. 

AlOL 

Sde«r  ■ 

FiiiinwJ 

(SqunSil^H 

I02 
I02K 

320.442 
322.014 

8171.28 
8251.60 

90.395 
90.838 

112 
112^ 

351.858 
353.430 

9852.03 
994a2o 

99.20 1 
99.701 1 

103 
I03X 

323.584 
325.154 

8332.29 
8413.40 

91.282 
91.725 

"3^ 

355.000 
356.570 

10028.75 
10117.68 

ioai4/|| 

104 
I04X 

326.726 
328.296 

8494.87 
8576.76 

92.168 
92.611 

114 
II4H 

358.142 
359.712 

I0207x>3 
10296.76 

lOIX^  1 

IOI474  1 

105 
I05>^ 

329867 
331-438 

8659.01 
8741.68 

93.054 
93.497 

nl« 

361.283 
•362.854 

10386.89 
io477u|o 

101.917   ^ 
102.560 

106 
106^ 

333-009 
334.580 

8824-73 
8908.20 

93-940 
94.383 

116 
116^ 

364.425 
365.996 

10568.^2 
10659.04 

102^ 
103.247 

107 

io7>i 

336.150 
337.722 

8992.02 
9076.24 

94.826 
95.269 

117 

ii7>i 

367.566 
369.138 

10751.32 
1084340 

103.690 
104-133 

108 
108X 

339-292 
340.862 

9160.88 
9245.92 

95-713 
96.156 

118 
ii8>i 

37a7o8 
372.278 

10935.88 
1 1028.76 

104.576 
io5x>i9 

109 
109^ 

342.434 
344.004 

9331.32 
9417.12 

96.599 
97.042 

119 
ii9>i 

373.849 
375.420 

1 1 122.02 
11215.68 

105.463 
105.906 

no 
iioK 

345-575 
347.146 

9503-32 
9589.92 

97.485 
97.928 

120 

376.991 

11309.73 

106.350 

III 
iii>^ 

348.717 
350.288 

9676.89 
9764.28 

98.371 
98.815 

LENGTHS  OF  CIRCULAR  ARCS. 


95 


TABLE   Na  v.— LENGTHS   OF  CIRCULAR  ARCS   FROM 
X**  TO  x8o\     GIVEN,  THE  DEGREES. 

(Radius*  I.) 


Iw 

Le^ 

1 

-  Degrees. 

1 

[Degrees. 

Degrees. 

Length. 

I 

.0174 

40 

.6981 

79 

1.3788 

117 

2.0420 

2 

•0349 

41 

-7156 

80 

1.3963 

118 

2.0595 

3 

.0524 

42 

.7330 

119 

2.0769 

4 

.0698 

43 

•7505 

81 

1-4137 

5 

.0873 

44 

.7679 

82 

1.4312 

120 

2.0944 

6 

.0147 

45 

.7854 

83 

1.4486 

121 

2. 1 1 18 

7 

.0222 

46 

.8028 

84 

1. 466 1 

122 

2.1293 

8 

-0396 

47 

.8203 

85 

1.4835 

;  123 

2.1467 

9 

.0571 

48 

.8377 

86 

1.5010 

124 

2.1642 

49 

•8552 

87 

1.5184 

125 

2.1817 

xo 

.1745 

•  ^ 

%#  •^ 

88 

1-5359 

126 

2.I99I 

II 

.1920 

50 

.8727 

89 

1-5533 

127 

2.2166 

12 

.2094 

51 

.8901 

s\ 

128 

2.2304 

13 

.2269 

5» 

.9076 

90 

1.5708 

129 

2.2515 

14 

.2443 

53 

.9250 

91 

1.5882 

^  t\ 

15 

.2618 

54 

.9424 

92 

1.6057 

130 

2.2689 

16 

.2792 

55 

•9599 

93 

1.6231 

131 

2.2864 

17 

.2967 

56 

.9774 

94 

1.6406 

132 

2.3038 

18 

.3141 

57 

.9948 

95 

1. 6581 

-^zz 

2.3213 

^9 

-3316 

58 

1.0123 

96 

1-6755 

134 

2.3387 

^F 

59 

1.0297 

97 

1.6930 

135 

2.3562 

20 

•3491 

•^  ^ 

98 

1.7104 

136 

2.3736 

21 

.3665 

60 

1.0472 

99 

1.7279 

137 

2.39II 

22 

.3840 

61 

1.0646 

138 

2.4085 

«3 

.4014 

62 

1. 0821 

100 

1-7453 

139 

2.4260 

24 

.4189 

63 

10995 

lOI 

1.7628 

1 

«5 

-4363 

64 

1.1170 

102 

1.7802 

140 

2.4435 

26 

.4538 

65 

I.I34S 

103 

1.7977 

141 

2.4609 

«7 

.4712 

66 

1.1519 

104 

1.8151 

142 

2.4784 

28 

.4887 

67 

1. 1694 

105 

1.8326 

143 

2.4958 

29 

.5061 

68 

1. 1868 

106 

1.8500 

144 

2.5133 

69 

1.2043 

107 

1.8675 

145 

2.5307 

30 

.5236 

108 

1.8849 

146 

2.5482 

31 

-5410 

70 

1. 2217 

109 

1.9024 

147 

2.5656 

32 

.5585 

71 

1.2392 

148 

2.5831 

33 

.5759 

72 

1.2566 

no 

1.9199 

149 

2.6005 

34 

.5934 

73 

1.2741 

III 

1-9373 

35 

.6109 

74 

1-2915 

112 

1.9548 

150 

2.6180 

36 

.6283 

75 

1.3090 

"3 

1.9722 

151 

2.6354 

37 

.6458 

76 

1.3264 

114 

1.9897 

152 

2.6529 

38 

.6632 

77 

1-3439 

"5 

2.0071 

153 

2.6703 

39 

.6807 

78 

1-3613 

116 

2.0246 

154 

2.6878 

96 
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Degrees. 

Length. 

Degrees. 

Length. 

Degrees. 

Length. 

Degrees. 

u 

155 

2.7053 

161 

2.8100 

168 

2.9321 

174 

3-' 

156 

2.7227 

162 

2.8274 

169 

2.9496 

175 

3-' 

157 

2.7402 

163 

2.8449 

176 

3-' 

158 

2.7576 

164 

2.8623 

170 

2.9670 

177 

3' 

159 

2.7751 

165 

2.8798 

171 

2.9845 

178 

3- 

166 

2.8972 

172 

3.0020 

179 

3- 

160 

2.7925 

167 

2.9147 

173 

3.0194 

180 

3. 

LENGTHS  OF  CIRCULAR  ARCS. 


TABLE    N(X  VI.— LENGTHS  OF  CIRCULAR  ARCS,  UP  TO  A 

SEMICIRCLE.    GIVEN,  THE   HEIGHT. 

(Chord  =  i.) 


«. 

l™,*.        y 

eiiht. 

L«ph. 

Hdi^L 

Ltnph. 

HdghL 

I««tK. 

JOO 

1.02645 

140        1 

05147 

.180 

1.08428 

.330 

I..  2445 

.101 

1.02698 

141      r 

05220 

.181 

'.08519 

.331 

..'3556 

.107 

1.02752 

141      I 

05393 

.183 

1.08611 

.333 

1.13663 

.103 

1.03806 

143      ' 

°53'i7 

.'83 

1.08704 

■223 

1.12774 

.104 

i.oi86o 

144      1 

"544 1 

..84 

1.08797 

.224 

...2885 

.105 

1. 02914 

'45       ' 

oS5'6 

.185 

1.08890 

■225 

1..2997 

.106 

1.02970 

146      I 

05591 

.186 

1.08984 

.226 

1.13.08 

■l°l 

1.03026 

147       1 

05667 

.187 

1.09079 

.337 

1.13219 

-loS 

1.03082 

148      1 

05743 

.r88 

1.09174 

.338 

'■'333' 

.109 

1. 03139 

'49      I 

05819 

..89 

1.09269 

.229 

1. 13444 

.110 

1. 03 1 96 

150      I 

05896 

.190 

1.09365 

.330 

'■.3557 

-III 

103254 

'5'       I 

05973 

.igi 

1,09461 

.331 

'..367. 

•III 

1. 033 '2 

«5»      I 

06051 

.192 

'-°9557 

.333 

...3786 

-"3 

'■03371 

153      I 

06130 

■'93 

1.09654 

■233 

I- '3903 

.114 

1.03430 

154      I 

■'94 

1.09752 

■234 

1.14020 

.115 

1.03490 

155      ' 

06288 

■'95 

1.09850 

■235 

'.'4136 

.116 

'■0355' 

.56      ' 

06368 

.196 

1,09949 

.236 

1.14347 

-iij 

1.0361  I 

157      1 

06449 

.197 

1.10048 

■237 

1-14363 

.118 

;  1.03672 

158      ' 

06530 

.198 

1.1D147 

.238 

1.14480 

.119 

,  '•03734 

'59      1 

066 1 1 

■'99 

1. 10247 

■239 

'■'4597 

.lao 

1.03797 

iGo      I 

06693 

.200 

r.  10348 

.240 

1.14714 

.III 

1.03860 

161       1 

06775 

.201 

1. 10447 

.341 

'■'483' 

.122 

1.03923 

162       I 

06858 

.202 

1. 10548 

.343 

1.14949 

.123 

1,03987 

163      I 

06941 

■  203 

1. 10650 

■243 

1.15067 

"4 

1.04051 

164      I 

07035 

.204 

1.10752 

■  344 

1.15186 

"5 

1.04116 

.65       1 

07109 

.205 

1.1085s 

■245 

1.15308 

,ij6 

1.04181 

16G      1 

07194 

.206 

1.10958 

.346 

1.15429 

.i»7 

1.04247 

167       I 

07279 

.307 

1.11063 

.247 

.-.5549 

.118 

1-043 13 

168      I 

07365 

.208 

i.".6s 

.248 

1.15670 

"9 

1.04380 

169      I 

074s ' 

.209 

1.  II 369 

.249 

.■.579. 

.130 

1.04447 

170      I 

07537 

.310 

'."374 

.250 

1.15913 

.131 

'■04515 

171       I 

07624 

.311 

1.11479 

.351 

1. 16033 

.13* 

1.04584 

17a      I 

07711 

,312 

1.1.584 

.253 

1.16157 

■133 

1.04652 

173      I 

07799 

■213 

1.1.692 

■253 

1.16279 

•'34 

1.04721 

174      1 

07888 

.314 

1.1.796 

■254 

1.16403 

■»35 

1.04792 

175      ' 

07977 

■215 

1.11904 

■255 

1.16536 

..36 

1.04S62 

176      I 

08066 

.216 

1. 12011 

.256 

1. 16649 

■'37 

r.o493= 

'77      1 

08.56 

.217 

T. 12118 

■  257 

I. .6774 

."38 

1-05003 

.78      1 

08346 

.318 

1.12335 

.258 

..16899 

■'39 

1.05075    1 

'79      I 

08337 

.319 

'■12334 

■259 

...7034 

Mathematical  tables. 


Bright 

.^ 

K.i«l.,. 

L^rlL 

Hfisht, 

L«rh. 

Hri,lu. 

Laekl 

.260 

1.17150 

■307   1    ' 

23494 

■354      I 

30634 

.401     1 

2*Jm 

.j6i 

1.17275 

■  308   !    I 

23636 

■355       1 

30794 

.402    I 

386^ 

.262 

1.17401 

■3°9  1    ' 

27780 

■356      ' 

30954 

■403    1 

3884s 

.263 

1. 17527 

.3.0   . 

,311       I 

23925 
24070 

■357       1 

3"'5 

,404     I 

39011 

.264 

1.17655 

■358      ' 

31276 

■405    I 

39'96 

.>6s 

1. 17784 

.312      I 

24216 

■359      ' 

31437 

.406    I 

Z9m 

.266 

1.17912 

■313      ' 

24360 

,360      I 

3'599 

■407    I 

3054* 

.267 

I.  J  8040 

■3'4      ' 

24506 

-361       I 

31761 

.408    I 

39T4 

.268 

1.18162 

■315       ' 

*4654 

.362       I 

31923 

.409    I 

3990« 

.269 

1.18294   ' 

.3.6      1 

24801 

■363       t 

32086 

.410    I 

40077 

,270 

1.18428 

■3'7       I 

24946 

.364      I 

32249 

.411     t 

40254 

.271 

"-18557    . 

.3'8      • 

25095 

■^M       ' 

32413 

.413     I 

4043* 

.2^^ 

1. 1 8688  ; 

■319      ' 

25243 

.366      1 

32577 

■413     ' 

406  Iff 

-^73 

1.18819 

.320      I 

25391 

,367       I 

3274' 

,414    ' 

407W 

.274 

1.18969 

,321       I 

25539 

.368      ' 

32905 

■415    ' 

40966; 

■  275 

..19082 

.322      1 

25686 

■369      I 

33069 

.416    . 

41I4S 

.276 

1.19214 

■323       ' 

25836 

.370      I 

33234 

■417     ' 

41324 

.277 

I  ■"9345 

■3=4      " 

25987 

■371       ' 

33399 

.418    I 

41503    ' 

.278 

1. 19477 

■325       ■ 

26137 

■372      I 

33564 

.419    1 

41682    , 

.279 

1.19610 

.326  1    1 

26286 

■373      ' 

33730 

.420     1 

41861 

.280 

'■19743 

■  327  1    ' 

26437 

■374      ' 

33896 

.421      1 

42041 

.2St 

1.19887 

.328      I 

26588 

■375       ' 

34063 

-422          1 

42222 

.282 

■329 :  ' 

26740 

■376      ' 

34229 

■423     I 

42401 

.1S3 

i;2ou6 

■330    I 

26892 

■377       ' 

34396 

.424     1 

42583 

.284 

1.20282 

■33'       ' 

27044 

■378      ' 

34563 

■425    1 

42764 

.285 

1. 20419 

■332       ' 

27196 

■379      ' 

3473' 

.426   1 

42945 

,286 

1.20558 

.333      ' 

27349 

.380      I 

34899 

■427    ' 

43 '27 

,287 

1.20696 

•334      ' 

27502 

■381       ' 

35068 

.428   I 

43309 

.288 

1.20828 

■335       ' 

27656 

■  382       ' 

35237 

■429    1 

4349' 

.289 

1.20967 

.336      ' 

27S10 

■383      ' 

35406 

■430     I 

43673 

.290 

1,21202 

-337      ' 

27864 

.384      I 

35575 

■  431      ' 

43856 

.291 

1.21239 

338      ' 

28118 

■^ll      ' 

35744 

■432     ' 

44039 

.392 

1.2I38I 

■339      ' 

28273 

.386       1 

^W 

■433       ' 

44222 

.293 

1. 21520 

-340      I 

28428 

■^fj       ' 

36084 
36254 
36425 

■434      I 

44405 

.294 

1.21658 

-341       I 

28583 

■38S      I 
.389      I 

■435       ' 

44589 

.295 

1.21794 

■342       I 

28739 

-436      ' 

44773 

,296 

1.21926 

■343      I 

28895 

.390      I 

36596 

■437       ' 

44957 

,297 

I.Z2o6l 

■344      I 

29052 

■39'       ' 

36767 

■438      ' 

45142 

.298 

1.22203 

■345       I 

29209 

■392       I 

36939 

■439      ' 

45327 

.299 

1.22347 

.346      I 

29366 

■393       I 

37'"    1 

.440      I 

45512 

.300 

1.22495 

■347  1    ' 

29523 

■394      1 

37283   , 

.441       1 

45697 

,301 

1.22635 

■348  !  ' 

29681 

■395      ' 

37455    , 

.442       1 

45883 

.302 

1.22776 

■349    I 

29839 

,396      1 

37628 
37801 

■443       ' 

46069 

■303 

1,22918 

■35°      1 

29997 

■397       I 
,398       I 

■444      1 

46255 

■304 

1,23061 

■351      I 

30156 

37974 

■445       ' 

46441 

•305 

1.2320s 

■352  1   ' 

303 '5 

■399      t 

38148 

.446       I 

46628 

.306 

'-23349 

■353  ,   ' 

30474 

.400      I 

38322 

■447       1 

46815 
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47377 
475*5 
47753 
47942 
4813 1 
48320 
,48509 
4S699 
.48889 
49079 

49269 


,49460 
,49651 

.49842 
50033 
50224 
5041 6 
50608 

50992 
5' 185 
51378 
5'57i 
51764 
51958 


5^'52 
52346 
51541 
51736 
5193' 
53126 
53322 
■535 '8 
537-4 
■S39IO 
.54106 
54302 
54499 
.54696 


55090 
.55288 
55486 
55685 
55854 
56083 
56282 
56481 
56680 
56879 
57079 


825357 


MATHEMATICAL  TABLES. 


TABLE  NO.  VII.— AREAS   OF   CIRCULAR  SEGMENTS,  UP  1 
SEMICIRCLE. 

(Diameter  of  Okcle=iO 


Hcieht. 


.D0034 
78 


0347 

■00375 
,00403 
.00432 

,00492 
05^3 
"555 
^587 


1646 
1691 
1737 
1783 

1830 
.01877 


■65 

0*315 

366 


>2624 

12676 


03053 
,03108 
03163 
03219 
03275 
03331 
03385 
03444 
.03501 
03538 
.03616 
03674 
03732 
03790 

.03850 

.03909 
,03968 

.04148 
,04108 

.04330 
04391 
.04452 

045 '4 
14576 
,04638 

,04701 
,04763 
,04826 


)5o8o 
^5 '45 


AREAS  OF  CIRCULAR   SEGMENTS. 


'*!  -J 

Hright. 

A^ 

HrighL 

A^ 

Height  1          a™. 

■5! 

.0789^    ; 

■203 

.11423 

.249 

'S268 

■29s 

19360 

.,,-! 

■°l^H 

.204 

."504 

.250 
.251 

■  252 

15355 

15442 
15528 

.296 

'945' 

■'59 

.08038 

■20s 

.II5S4 

.297 

1 9543 

.lb 

.08111 

.206 

.11665 

.298 

'9634 

j6i 

.0S185 

.207 
.208 

.11746 
.11827 
..1908 

■253 

i?6is 

■299 

19725 

.161 

.08258 

■254 

15702 

.300 

19817 

.163 

•0833' 

.209 

'5789 

.301 

19908 

.,i, 

.08406 

.310 

.TI990 

.256 

15876 

.302 

.165 

.08480 

.211 

.12071 

■257 

15964 

■303 

20092 

j66 

.0S554 

.212 

■'"53 

.258 

16051 

■304 

20,84 

J*, 

.08629 

.213 

.12135 

■2S9 

16139 

■3°5 

20276 

M 

.08704 

.214 

.12317 

.360 

16226 

■306 

20368 

Jd, 

.08778 

■>i5 

.12399 

.261 

1 63 14 

■307 

20460 

.170 

.08854 

.216 

..248, 

.262 

16402 

■308 

20553 

.i;i 

.08929 

.217 

"fl 

■263 

16490 

■309 

20645 

.172 

.09004 

.2lS 

.12646 

.264 

16578 

.310 

20738 

•73 

.09080 

.219 

.12729 

.265 

16666 

■31' 

20830 

■174 

■o9'5S 

.230 

.12811 

.266 

'6755 

.312 

20923 

•175 

.09331 

.12894 

.267 

'6843 

■3'3 

..76 

.09307 

.222 

.12977 

.268 

16932 

■314 

2l°ol 

-177 

■09383    i 

.223 

.IJ060 

.269 

17020 

■3'5 

2I20I 

.1,8 

.09460 

.224 

■  13144 

.370 

17109 

.3'6 

21294 

■'79 

■09S37 

.225 

■  i3"7 

.271 

■7198 

■317 

21387 

iSo 

.09613 

.226 

■'33'" 

.272 

17287 

.318 

21480 

.iSi 

.09690 

.227 

■'3395 

■273 

17376 

■319 

21573 

.1S3 

.09767 

.■■8 

■'3478 

■274 

'7465 

.320 

21667 

■>'i 

.09845 

.229 

.'3562 

■27s 

I7S54 

.321 

21760 

■84 

.09921 

.330 

.13646 

.276 

17644 

.322 

2.853 

:;ll 

.09200 
.10077 

.231 
.232 

■1373* 
■'3815 

.277 
.278 

17733 
17823 

■323 
■324 

21947 
22040 

■2 

■'0'S3 

■=33 

.13899 

,279 

17912 

■325 

22134 

.'0233 

.234 

■  13984 

.280 

iSooa 

.326 

22228 

.189 

.10317 

-23s 

.14069 

.281 

.8092 

■527 

22322 

.190 

.10390 

.236 

■  '4154 

.282 

18182 

.328 

22415 

.191 

.10469 

■237 

■14239 

.283 

18272 

■329 

22509 

.192 

■'OS47 

■238 

■14324 

.284 

18362 

■330 

■331 
■332 

■333 
■334 

226°^ 

■193 

.10626 

■239 

.14409 

.28s 

18452 

■'94 

.10705 
.'0784 
.10864 

.240 
.241 
.242 

.14494 
.14580 
.14665 

.286 
.287 
.288 

18542 
18633 
18723 
18814 

22792 
228S6 
22980 

..97 
..98 

.10943 

.243 

■'4752 

.289 

■335 

23074 

VZl  1 

.244 

■  14837 

.390 

.8905 

■336 

23169 

■'99 

.11102 

■  245 

■14923 

.291 

.8996 

■337 

23263 

.200 

.11182 

.246 

.15009 

.292 

19086 

■338 

23358 

.101 

.11262 

.247 

.15096 

■293 

19177 

■339 

23453 

.Joa 

■"'343 

.248 

.15182 

.294 

1926S 

■340 

23547 

103 
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HdjllL 

^ 

Hdiht. 

^      1 

H«,hu 

^ 

Haihi. 

*«. 

-341 

23642 

.376 

26998 

.411 

30417 

-446 

"? 

■342 

23737 

■377 

2709s 

.412 

30516 

■447 

33980 

■343 

23832 

■378 

27192 

■413 

30614 

■448 

34079 

■344 

23927 

■379 

27289 

.414 

30712 

■449 

34179 

■347 

24025 
24117 
24212 

t 

27386 
27483 

■4«5 
.416 

.417 

308.1 
309.0 
31008 

■450 

-45" 

3427B 
34378 

■343 

■349 

24307 
24403 

.382 
■383 
.384 

27580 
27678 

27775 

,418 
.419 

31107 

31205 

■453 
-455      * 
-457 

34577 
34776 
34975 

■350 

24498 

.385 

27872 

.420 

31304 

■459 

35174 

■35' 

24593 

.386 

27969 

.421 

31403 

,461 

35174 

■35* 

24689 

.38; 

28070 

.423 

31502 

.464 

35673 

■353 

24784 

.388 

28164 

.423 

31600 

.466 

35873'  ; 

■354 

24880 

.385 

28262 

■424 

31699 

.468 

36072 

■355 

24976 

■425 

31798 

■356 

25071 

.390 

28359 

.426 

31897 

.470 

36272 

■3S7 

25167 

■39' 

28457 

.427 

31996 

.471 

3637' 

■358 

25263 

■392 

28554 

.428 

32095 

■473 

36571 

■3S9 

25359 

■393 

28652 

.429 

32194 

■475 

36771 

■394 

28750 

■477 

36971 

.360 

25455 

■39S 

28848 

■430 

32293 

■479 

37170 

.36. 

25551 

396 

2894s 

-43 1 

32392 

.482 

37470 

.362 

25647 

■397 

29043 

-432 

32491 

-484 

37670 

■36s 

25743 

■398 

29141 

■433 

.486 

37870 

■364 

25839 

■399 

29239 

■434 

32689 

.488 

38070 

•36s 

25936 

-435 

32788 

.366 

26032 

■400 

29337 

■436 

32887 

.490 

38270 

.367 

26128 

.401 

29435 

■437 

32987 

.491 

38370 

.368 

26225 

.402 

29533 

■438 

33086 

■  492 

38470 

■369 

26321 

■403 

29631 

■439 

3318s 

-493 

38570 

.404 

29729 

-494 

38670 

■370 

26418 

■4»S 

29827 

.440 

33284 

-495 

38770 

•371 

26514 

.406 

29926 

.441 

33384 

■496 

38870 

•37a 

26611 

.407 

30024 

-442 

33483 

■497 

38970 

■373 

26708 

.408 

30J22 

-443 

33582 

■498 

39070 

■374 

26805 

.409 

30220 

■444 

33682 

-499 

39170 

■37S 

26901    1 

.410 

30319 

■44S 

33781 

.500 

39270 

i 


SINES,   COSINES,   &C.   OF  ANGLES. 


TABLE  No.  VIII.— SINES,   COSINES,  TANGENTS,   COTANGENTS, 
SECANTS,  AND    COSECANTS   OF  ANCLES   from  o"  to  90°. 


Advancing  bv  10'  ok  one-sixth 

OF  A  DECREE.      (R, 

4.D1US  =  1 

Mfk. 

s^ 

Cocant. 

T»pnt. 

CottnpBL 

Scant. 
1 

CMiat. 

0°  0 

.000000 

Infinite. 

.000000 

Infinite.      1 

90-   0' 

10 

.□02909 

343.775i^ 

.002909 

343-77371     i 

ooaoo 

.999996 

50 

lO 

.005818 

1 71.88831 

.005818 

171.8S540     1 

00002 

.999983 

40 

30 

008717 

114.593°! 

,008727 

H4-S886S     1 

00004 

.999962 

30 

40 

01163s 

85.945609 

.0.1636 

85.939791     1 

00007 

.999932 

5° 

014544 

68.757360 

■014545 

68.750087     1 

00011 

-999894 

10 

I  0 

o'7452 

57.298688 

.017455 

57.289962     I 

00015 

.999848 

B9    0 

10 

020361 

49.114062 

.020365 

49.103881     . 

0002I 

■999793 

50 

10 

023269 

42-975713 

.023275 

42.964077     I 

00027 

-999729 

40 

io 

026177 

38-20.550 

.026186 

38.188459     I 

00034 

-999657 

30 

4° 

029085 

34.3823"6 

,029097 

34-367771     I 

00042 

-999577 

20 

io 

031992 

3<-i57577 

,032009 

3I.24I577     ' 

00051 

.999488 

10 

\3   0 

034899 

28.653708 

,034921 

28.636253     I 

00061 

■99939' 

B8    0 

io 

037806 

26.450510 

■037834 

26.431600     1 

00072 

■999285 

50 

10 

040713 

24.562123 

,040747 

24.541758     1 

00083 

,999171 

40 

30 

043619 

22.925586 

.043661 

22.903766     . 

00095 

,999048 

30 

46 

046525 

21.493676 

.046576 

21-470401     I 

00108 

.998917 

20 

SO 

049431 

10.230284 

.049491 

20.205553     » 

ODI22 

■998778 

10 

3  0 

-05^336 

19.1073=3 

.052408 

19.08. .37     I 

00.37 

.998630 

B7    0 

055241 

18.102619 

■055325 

18.07497.7     ' 

00.53 

.998473 

10 

.058.45 

17.198434 

.058243 

.7.169337     . 

00.69 

.998308 

40 

30 

.061049 

16.380408 

.061163 

16.349855     ' 

00.87 

.993'35 

30 

40 

-063952 

15-636793 

.064083 

15.604784     1 

00205 

-997357 

20 

SO 

.066854 

14.957882 

.067004 

14.924417     1 

00214 

■997763 

10 

4  0 

.069756 

14-335587 

.069927 

14-300666     I 

00244 

■997564 

B6   0 

10 

.072658 

i3-763'iS 

.072851 

13.726738     1 

00265 

■997357 

50 

20 

■075559 

13-2347' 7 

.075776 

'3 

196888      1 

00287 

.997141 

40 

30 

.078459 

"-745495 

.078702 

706205       1 

00309 

■  996917 

30 

40 

■081359 

12.291252 

.081629 

12 

250505      I 

00333 

■  996685 

50 

.084158  1  11.868370 

.084558 

II 

826167       I 

00357 

■  996444 

10 

5   0 

.087156 

•1.473713 

.087489 

II 

430052      I 

00382 

■996195 

85    0 

10 

.090053 

1 1. 104549 

.090421 

11 

05943'       ' 

00408 

■995937 

50 

30 

.092950 

10.75S488 

•093354 

10 

71.913      1 

00435 

.995671 

40 

30 

.095846 

10.43343' 

.0962S9 

10 

385397      ' 

00463 

■995396 

30 

40 

.098741 

10.127522 

.099226 

10 

078031       1 

00491 

■995113 

20 

50 

.101635 

9.8391227    .102164 

9.7881732     I 

00521 

.994822 

Anglt. 

CoUot 

Secuit       J  Coung^L 

T^=..           C 

..««■. 

5i.=. 

MATHEMATICAL   TABLES. 


Angle. 

s^. 

c„™. 

Tangoil.    Caungcni. 

s™u 

CWH. 

6'  o' 

.104528 

9.5667722 

.105104!  9.5143645 

1-00551 

.994522 

.107421 

9.3091699 

.108046.9.2553035 

1.00583 

■994=14 

i°H 

20 

■  110313 

90651512 

.110990  9.0098261 

1.00614 

-993897 

4bH 

30 

.113203 

8-8336715 

.113936 

8.7768874 

1.00647 

■993572 

3oB 

40 

.116093 

8.6137901 

.116883 

8.5555468 

i.oo63i 

■993238 

loH 

S° 

.118982 

8.4045586 

119833 

8.3449558 

1.00715 

.992896 

10  ■ 

7   0 

.1  =  1869 

8.  z  05  5090 

-122785 

8.1443464 

1.00751 

■992546 

'^''i 

.124756 

8.0156450 

.125738 

7.9530234 

1,00787 

992187 

s^ff 

20 

.12764= 

7-8344335 

.128694 

7-7703506 

1.00835 

.991820 

40 

30 

.130526 

7.661Z976 

•131653 

7^595754i 

1,00863 

■991445 

30 

■133410 

7.4957100 

■134613 

7.4287064 

1,00902 

.99106J 

=0 

50 

.136292 

7-3371909 

■137576 

7^26S7255 

1,00942 

,990669 

10 

8  0 

■139173 

7.1852965 

•140541 

7-1153697 

1.00983 

,990268 

Sa  0 

to 

■142053 

7.0396220 

.143508 

6-9682335 

1.01024 

.989859 

SO 

20 

.144932 

6.8997942 

.146478 

6.8169437 

1. 01067 

■989442 

40 

30 

.147809 

6.7654691 

.149451 

6.6911562 

i.ouii 

.989016 

30 

40 

.150686 

6-6363293 

.152426 

6.5605538 

1.01155 

,988581 

=0 

50 

■153561 

6,5120812 

■155404 

6.4348428 

.988139 

10 

9  0 

•156434 

6-3924S3' 

.158384 

6.313751s 

I.OI347 

.987688 

Si  0 

■  159307 

6.Z771933 

.161368 

6.1970279 

1-01294 

.987229 

so 

zo 

.162178 

6.1660674 

.164354 

6.0844381 

1-01432 

.98676= 

40 

30 

.165048 

6.0588980 

.167343 

5.9757644 

1-01391 

.986=86 

30 

40 

.1C7916 

5-9553625 

-170334 

5.8708043 

1-01440 

.985801 

=0 

50 

■170783 

5-8553921 

-173329 

5,7693688 

1,01491 

■985309 

10 

10  D 

.17364S 

5-7587705 

.176327 

5.6712818 

101543 

.984808 

)o  0 

10 

■.7651^ 

5-6653331 

-I7932S 

5-5763786 

'-01595 

.984298 

so 

zo 

■179375 

5-5749258 

..SZ332 

5.4845052 

1.01649 

.983781 

40 

30 

.182236 

5.4874043 

-185339 

5-3955172 

1.01703 

-983255 

30 

■185095 

5.4026333 

-188359  IS.3092793 

1-01758 

.98=7=1 

ao 

50 

■187953 

5.3204860 

■191363]  5-2256647 

1.01815 

.98=178 

10 

11  0 

.190809 

5-2408431 

■  194380 

5.1445540 

1.0187= 

.9816=7 

79  0 

10 

.193664 

5-1635924 

.197401 

5.0658352 

1,01930 

,981068 

50 

20 

.196517 

5.0886184 

.200425 

4.9S94027 

1,01989 

,980500 

40 

30 

.199368 

5-0158317 

■  203452 

4-9'5'57o 

1.0Z049 

■979925 

30 

40 

4-9451687 

.206483 

4.8430045 

1.021  ID 

.979341 

20 

50 

.205065 

4.8764907 

.709518 

4-7728568 

1.0=171 

■978748 

10 

ta  0 

.307912 

4-8097343 

-212557 

4.7046301 

1,02234 

.978148 

jB   0 

10 

.Z10756 

4.7448206 

-215599 

4.638=457 

1.02=98 

■977539 

SO 

20 

■  213599 

4.6816748 

.218645 

4.5736287 

1,02362 

.976921 

40 

30 

.216440 

4.6202263 

.22.695 

4.5107085 

1,0=428 

.976296 

30 

40 

.219279 

4.5604080 

.2=4748 

4.4494181 

1.02494 

.97566= 

so 

.222116 

4-5021565 

.227806 

4.3896940 

1,02562 

.975020 

10 

C«i». 

s.^. 

Co».,=„. 

T«g««t 

C«c... 

Sioc. 

Ai^lt 

SINES,  COSINES,  &C  OF  ANGLES. 


105 


Cosecant. 

Tangent. 

Cotangent 

Secant 

Cosine. 

I 

4.4454115 

.230868 

4.3314759 

1.02630 

•974370 

77    0 

4 

4.390II58 

.233934 

4.2747066 

1.02700 

.973712 

50 

6 

4.3362150 

.237004 

4.2193318 

1.02770 

-973045 

40 

5 

4.2836576 

.240079 

4.1652998 

1.02842 

-972370 

30 

3 

4.2323943 

.243158 

4.II25614 

I.O2914 

.971687 

20 

8 

4.1823785 

.246241 

4.0610700 

1.02987 

•970995 

10 

2 

4.1335655 

.249328 

4.0107809 

1.0306 1 

.970296 

76  0 

3 

4.0859130 

.252420 

3.9616518 

I.O3137 

.969588 

50 

3 

4.0393804 

-255517 

3.9136420 

I.O3213 

.968872 

40 

0 

3.9939292 

.258618 

3.866713I 

1.03290 

.968148 

30 

5 

3.9495224 

.261723 

3.8208281 

1.03363 

.967415 

20 

8 

3.9061250 

.264834 

37759519 

1.03447 

.966675 

10 

9 

38637033 

-267949 

3.7320508 

1.03528 

■965926 

75   0 

8 

3.8222251 

.271069 

3.6890927 

1.03609 

.965169 

50 

4 

3.7816596 

.274195 

3.6470467 

I.O369I 

.964404 

40 

8 

3.7419775 

-277325 

3.6058835 

1-03774 

.963630 

30 

0 

3.7031506 

.280460 

35655749 

1.03858 

.962849 

20 

0 

3.6651518 

.283600 

3.5260938 

1.03944 

.962059 

10 

7 

3.6279553 

.286745 

3.4874144 

1.04030 

.961262 

74  0 

,2 

3.5915363 

.289896 

3.4495120 

I.O4II7 

.960456 

SO 

5 

3.5558710 

.293052 

3.4123626 

1.04206 

•959642 

40 

5 

35209365 

.296214 

33759434 

1.04295 

.958820 

30 

•3 

3.4867 1 10 

.299380 

3.3402326 

1.04385 

•957990 

20 

9 

3-4531735 

•302553 

3.3052091 

1.04477 

•957151 

10 

2 

3.4203036 

•305731 

3.2708526 

1.04569 

.956305 

73   0 

2 

3.3880820 

.308914 

3.2371438 

1.04663 

•955450 

50 

0 

3.3564900 

.312104 

3.2040638 

1-04757 

•954588 

40 

»6 

3.3255095 

•315299 

3. 17 1 5948 

1-04853 

•953717 

30 

9 

3.2951234 

.318500 

3-1397194 

1.04950 

.952838 

20 

9 

3.2653149 

.321707 

3. 10842 10 

1.05047 

-95195I 

10 

7 

3.2360680 

.324920 

3-0776835 

1.05 146 

-951057 

72   0 

>2 

3.2073673 

.328139 

3.0474915 

1.05246 

-950154 

50 

5 

3.1791978 

-331364 

3.01 78301 

105347 

-949243 

40 

'5 

3.I515453 

-334595 

2.9886850 

1.05449 

.948324 

30 

•2 

3.1243959 

•337833 

2.9600422 

1-05552 

.947397 

20 

6 

3.0977363 

-341077 

2.9318885 

1-05657 

.946462 

10 

.8 

3-0715535 

.344328 

2.9042109 

1.05762 

-945519 

71    0 

7 

3.0458352 

-347585 

2.8769970 

1.05869 

.944568 

50 

'3 

3.0205693 

.350848 

2.8502349 

1.05976 

.943609 

40 

7 

2.9957443 

•354119 

2.8239129 

1.06085 

.942641 

30 

7 

2.9713490 

-357396 

2.7980198 

I.06195 

.941666 

20 

^5 

2.9473724 

.360680 

2.7725448 

1.06306 

.940684 

10 

> 

Secant. 

Cotangent.  , 

Tangent   1 

Cosecant 

Sine. 

Angle. 

MATHEMATICAL   TABLES. 


A^\^ 

Sine. 

CoMOnL 

T«,«L 

Coun^n. 

s™. 

o»» 

W  0- 

.342020 

2.9238044 

■363970 

2-7474774 

1.064.8 

.939693 

i^U 

10 

-344752 

2.9006346 

.3O7268 

2.7228076 

1.06531 

.938694 

zo 

■34748' 

2.8778533 

■370573 

2.6985254 

1.06645 

.937687 

30 

.350207 

2.85545 'o 

.373885 

2.6746215 

1.06761 

.936672 

40 

■35^93" 

2.8334185 

-377204 

2.6510867 

1.06878 

-935650 

mV 

50 

■355651 

2.8117471 

-380530 

2.6179121 

1.06995 

.934619 

"t 

31  0 

35S368 

2.7904281 

-383864 

2.6050891 

I.0711S 

■933580 

sg  Ar 

10 

361082 

2-7694532 

-387205 

2.5826094 

1.07235 

■932534 

S"t 

so 

363793 

2.7488J44 

■390554 

2.5604649 

[.07356 

.931480 

4o|* 

SO 

366501 

2.7285038 

■393911 

2.5386479 

1.07479 

930418 

30F 

40 

.369206 

2.7085139 

■397275 

2.5171507 

1.07602 

929348 

10  If 

5° 

371908 

2.6888374 

.400647 

2.4959661 

1.07727 

928270 

"n 

33  0 

374607 

2.6694672 

.404026 

2.4750869 

1.07853 

927184 

58  oil 

10 

377302 

2.6503962 

.407414 

2.454506. 

1.07981 

926090 

S"!! 

JO 

379994 

2.6316180 

.410810 

3.4342172 

..08.09  1 

924989 

40  1 

30 

382683 

2.6131259 

.414214 

2-4.42136 

..08239 

923880 

30  ] 

40 

385369 

2-5949137 

.417626 

2.3944889 

..08370 

922762 

50 

388052 

2.5769753 

.421046 

2.3750372 

..08503 

921638 

10  \ 

33  0 

390731 

2-5593047 

-424475 

2-3558524 

1.08636 

920505 

57  0  ' 

393407 

2-5418961 

.427912 

2.3369287 

1.0877. 

919364 

5<> 

20 

396080 

2.5247440 

.431358 

2.3182606 

1.08907 

918216 

40 

30 

398749 

2.5078428 

.434812 

2.2998425 

1.09044 

917060 

30 

40 

401415 

2.4911874 

.438276 

2.2816693 

1.09183 

915896 

zo 

50 

404078 

2.4747726 

.441748 

2.2637357 

1.09323 

914725 

10 

34  0 

406737 

2.4585933 

■445229 

2.2460368 

1.09464 

913545 

66  0 

10 

409392 

2.4426448 

.448719 

2.2285676 

1.09606 

912358 

50 

20 

412045 

2.4269222 

.4522.8 

2.2113234 

1.09750 

911164 

40 

30 

414693 

2.4114210 

■455726 

2.1943997 

1.09895 

909961 

30 

40 

417338 

2.3961367 

.459244 

2-1774920 

1.1004. 

908751 

20 

S° 

419980 

2.3810650 

.462771 

2.1608958 

I..O.89 

907533 

10 

as  0 

422618 

2.3662016 

.466308 

2.1445069 

I-IO338 

906308 

55  0 

425253 

2.3515424 

.469854 

2..283213 

1.(0488 

905075 

50 

30 

427884 

2.3370833 

.473410 

2-. 123348 

1.10640 

903834 

40 

30 

4305  n 

2.3228205 

.476976 

2.0965436 

1. 10793 

902585 

30 

40 

43313s 

2.3087501 

.480551 

2.0809438 

1. 10947 

901329 

20 

50 

435755 

2.2948685 

.484137 

2.0655318 

I.III03 

900065 

.0 

36  D 

■438371 

2.28.1720 

.487733 

2.0503038 

1.11260 

.898794 

54  0 

10 

.440984 

2.2676571 

-491339 

2.0352565 

1.11419 

.897515 

50 

30 

■443593 

2.2543204 

-494955 

2.0203862 

. .11579 

.896229 

40 

30 

.446198 

2.241.585 

-498582 

2.0056897 

I..1740 

■894934 

30 

40 

.448799 

2.2281681 

.5022.9 

1.9911637 

I..1903 

-893633 

zo 

50 

■4S'397 

2.2153460 

.50586; 

1.9768050 

1. 12067 

-892323 

10 

Cwnc, 

Scant. 

Counsel. 

T«>BC"L 

C™<ant. 

SiK. 

A»elc. 

SINES.  COSINES,  &C   OF  ANGLES. 
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Sine. 


0(453990 

30 1.459 1 66 
30 1.46 1 749 

40 1.4643  2  7 
.466901 

.469472 
.472038 
.474600 

•477159 

•479713 
.482263 

.484810 

.437352 
.489890 

.492424 

•494953 
•497479 

.500000 

•502517 
.505030 

•507538 
.510043 

•512543 

.515038 

•517529 
.520016 

.522499 

•524977 
•527450 

.529919 

.532384 

.534844 
.537300 

•539751 
.542197 

.544639 
.547076 

20  .549509 
30  .551937 
40   .554360 

SO  .556779 


Cosecant. 


2.2026893 
2.I901947 

2.1778595 
2.1656806 

2.1536553 
2.I417808 

2.1300545 
2.I184737 
2.1070359 

2.0957385 
2.0845792 

2.0735556 

2.0626653 
2.05 1 9061 
2.0412757 
2.0307720 
2.0203929 
2.OIOI362 

2.0000000 
.9899822 
.9800810 

•9702944 
.9606206 

•9510577 

.9416040 

•9322578 
.9230173 
.9138809 
.9048469 
.8959138 

.8870799 

.8783438 
.8697040 
.8611590 

•8527073 
.8443476 

.8360785 
.8278985 
.8198065 
.8118010 
.8038809 
.7960449 


Secant. 


Tangent. 


509525 

513195 
516876 

520567 

524270 

527984 
531709 

535547 

539195 
542956 
546728 

55051S 

554309 
558118 

561939 

565773 
569619 

573478 

577350 
581235 

585134 

589045 
592970 

596908 

600861 
604827 
608807 
612801 
616809 
620832 

624869 
628921 
632988 
637079 
641167 
645280 

649408 

653531 
657710 

661886 

666077 

670285 


Cotangent. 


Cotangent. 


.9626105 

.9485772 
.9347020 
.9209821 
.9074147 
.8939971 

.8807265 
.8676003 

•8546159 
.8417409 

.8290628 

.8164892 

.8040478 
.7917362 

.7795524 
.7674940 

.7555590 
.7437453 

.7320508 
.7204736 
.7090116 
.6976631 
.6864261 
.6752988 

.6642795 
.6533663 

.6425576 
.6318517 
.6212469 
.6107417 

•6003345 
.5900238 
.5798079 
.5696856 

.5596552 
■5497155 

.5398650 
.5301025 
.5204261 
.5108352 
.5013282 
.4919039 


Tangent. 


Secant 


Cosine. 


2233 
2400 

2568 

2738 
2910 

3083 
3257 

3433 
3610 

3789 
3970 

4152 

4335 
4521 

4707 
4896 

5085 

5277 

5470 

5665 
5861 

6059 

6259 

6460 

6663 
6868 

7075 
7283 

7493 
7704 

7918 

8133 
8350 
8569 

8790 
9012 

9236 

9463 
9691 

9920 

20152 

20386 


891007 
889682 
888350 
88701 1 
885664 
884309 

882948 
881578 
880201 
878817 

877425 
876026 

874620 

873206 

871784 

870356 
868920 

867476 

866025 

864567 
863102 
861629 
860149 
858662 

857167 

855665 

854156 
852640 
851117 
849586 

848048 
846503 
84495 1 

843391 
841825 

840251 

838671 
837083 
835488 
833886 
832277 
830661 


63^ 


50 
40 

30 
20 

10 

62    o 

50 
40 

30 
20 

10 
61    o 

50 

40 
30 

20 

10 

60    o 

50 

40 

30 

20 
10 

fe9    o 

50 
40 

30 
20 

10 
58    o 

50 
40 
30 

20 
10 

\S7   o 

50 
40 

30 
20 

10 


Cosecant. 


I 


Sine. 


Angle. 
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MATHEMATICAL   TABLES. 


Angle. 

Sine. 

Cosecant. 

Tangent. 

Cotangent. 

Secant. 

Cosine. 

6*  o' 

.104528 

9.5667722 

.105104 

9.5143645 

1.0055 1 

.994522  84*  f^ 

lO 

.107421 

9.3091699 

.108046 

9.2553035 

1.00582 

.994214 

50 

20 

'^^^3^3 

9.0651512 

.110990 

9.0098261 

1. 006 1 4 

.993897 

40 

30 

.113203 

8.8336715 

.113936 

8.7768874 

1.00647 

.993572 

3^ 

40 

.116093 

8.61379OI 

.116883 

8.5555468 

1. 00681 

.993238 

so 

50 

.118982 

8.4045586 

.119833 

8.3449558 

I.OO715 

.992896 

10 

7   0 

.121869 

8.2055090 

.122785 

8.1443464 

I.OO751 

.992546 

B3  0' 

10 

.124756 

8.0156450 

.125738 

7.9530224 

1.00787 

.992187 

S» 

20 

.127642 

7.8344335 

.128694 

7.7703506 

1.00825 

.991820 

40. 

30 

.130526 

7.6612976 

.131653 

7.5957541 

1.00863 

.991445 

30 

40 

.133410 

7.4957100 

.134613 

7.4287064 

1.00902 

.991061 

20 

SO 

.136292 

7.3371909 

.137576 

7.2687255 

1.00942 

.990669 

10 

8   0 

'I39173 

7.1852965 

.140541 

7.II53697 

1.00983 

.990268 

B2  0 

10 

.142053 

7.0396220 

.143508 

6.9682335 

1. 01024 

.989859 

S» 

20 

.144932 

6.8997942 

.146478 

6.8269437 

1. 01067 

.989442 

40 

30 

.147809 

6.7654691 

.149451 

6.691 1562 

I.OIIII 

.989016 

30 

40 

.150686 

6.6363293 

.152426 

6.5605538 

101155 

.988582 

10 

50 

.153561 

6.5120812 

.155404 

6.4348428 

1. 01200 

.988139 

to 

9   0 

.156434 

6.3924532 

.158384 

6.3137515 

1. 01247 

.987688 

Bx  0 

10 

.159307 

6.2771933 

.161368 

6.1970279 

1. 01294 

.987229 

SO 

20 

.162178 

6.1660674 

.164354 

6.0844381 

I.OI432 

.986762 

40 

30 

.165048 

6.0588980 

.167343 

5.9757644 

I.OI39I 

.986286 

30 

40 

.167916 

5.9553625 

.170334 

5.8708042 

1. 01440 

.985801 

20 

50 

.170783 

5.8553921 

.173329 

5.7693688 

I.OI49I 

•985309 

10 

10   0 

.173643 

5.7587705 

.176327 

5.6712818 

IOI543 

.984808 

Bo  0 

10 

.176512 

5.6653331 

.179328 

5.5763786 

I.OI595 

.984298 

SO 

20 

.179375 

5.5749258 

.182332 

5.4845052 

1. 01649 

.983781 

40 

30 

.182236 

5.4874043 

.185339 

5.3955172 

1.01703 

.983255 

30 

40 

.185095 

5.4026333 

.188359 

5.3092793 

I.OI758 

.982721 

20 

50 

•187953 

5.3204860 

.191363 

5.2256647 

I.OI815 

.982178 

10 

iz   0 

.190809 

5.2408431 

.194380 

5.1445540 

1. 01872 

.981627 

79  0 

10 

.193664 

5.1635924 

.197401 

5-0658352 

I.OI93O 

.981068 

SO 

20 

.196517 

5.0886284 

.200425 

4.9894027 

1. 01989 

.980500 

40 

30 

.199368 

5-0158317 

.203452 

49151570 

1.02049 

.979925 

30 

40 

.202218 

49451687 

.206483 

48430045 

I.02II0 

.979341 

20 

50 

.205065 

48764907 

.209518 

4.7728568 

I.O217I 

.978748 

ID 

12   0 

.207912 

48097343 

.212557 

4.7046301 

1.02234 

.978148 

78  0 

10 

.210756 

4.7448206 

.215599 

46382457 

1.02298 

.977539 

50 

20 

.213599 

4.6816748 

.218645 

45736287 

1.02362 

.976921 

40 

30 

.216440 

4.6202263 

.221695 

45107085 

1.02428 

.976296 

30 

40 

.219279 

4.5604080 

.224748 

4.44941 8 1 

1.02494 

.975662 

20 

50 

.222116 

4.5021565 

.227806 

43896940 

1.02^62 

1     "^ 

.975020 

10 

• 

G>sine. 

Secant 

Cotangent 

Tangent 

Cosecant    Sine. 

Angle. 

SINES,   COSINES,  &C.   OK  ANULLS. 


A^       5«       1       C«caoL 

T.o^ 

'— '  1 

ScC>.L 

C^i.. 

S*«»»«5' 

4-4454  "5 

.230868 

4.3314759 

.02630 

974370 

77=  o' 

10  .J37784 

4-390H5S 

■333934 

4.2747066   , 

.02700 

9737 '3 

50  1 

»  .1J0616 

4,3362150 

-337004 

4.31933.8    [ 

■03770 

973045 

40  ' 

30    '33445 

4.2836576 

.240079 

4.1652998 

.02842 

973370 

30! 

*o  .n6'7i 

4- 23 '3943 

.243158 

4.H256I4 

.02914 

971687 

so  .(39098 

4.1S23785 

.246241 

4.06.0700 

.029S7 

970995 

'o  ■ 

1  ' 

.i4i9«» 

4-«335655 

.249338 

4.0107809  ' 

.03061 

970296 

76    0 

10 

-"M743 

4.0859130 

.252420 

3.9616518  , 

-03137 

969588 

SO 

» 

'47563 

4-0393S04 

■35SS>7 

3.9.36430 

.032.3 

968S72 

40 

30 

■150360 

3.9939292 

3-866713. 

.03290 

968.48 

30 ! 

40 

.353 '95 

39495334 

.261723 

3.82082S1 

.03363 

967415 

S" 

.156008 

3.9061250 

-264834 

3-77595'9  , 

.03447 

966675 

10 

S  0 

.1588.9 

3-8637033 

.267949 

3.7320508 

.03528 

965926 

1 

TS   0  ■ 

.161628 

3-8322251 

.271069 

3.6890927  ' 

.03609 

965169 

50  i 

ID 

.264434 

3.7816596 

-274195 

3.6470467 

.0369. 

964404 

40! 

30 

-867338 

3-74«9775 

-377335 

3-6058835 

.03774 

963630 

30  \ 

40 

.270040 

3.7031506 

.280460 

3-5655749 

.03858 

962849 

50 

.172840 

3.6651518 

.283600 

3-5260938  , 

-03944 

962059 

"1 

<    D 

■»75637 

3-6279553 

.386745 

3.4S74144 

.04050 

961262 

7A   0  j 

10 

■»78«a 

3-59'5363 

.289896 

3.4495120 

.04*  "7 

960456 

50  1 

i  '^ 

.281225 

3-5558710 

-393053 

3.4.23626 

.04206 

959643 

40 

'  30 

.»S4o.3 

3.5209365 

.2962.4 

3-3759434  ' 

-04295 

95S820 

30 

:  40 

.286803 

3.4867 1 10 

.299380 

3.3402326 

■04385 

957990 

i  50 

.289589 

3-4531735 

-302553 

3^30S2D9i 

.0-M77 

957151 

10 

17  0 

.J9S37* 

3.4203036 

.305731 

3.2708526 

-04569 

956305 

73   0 

10 

395152 

3.3880820 

.308914 

3.237143S 

-04663 

955450 

50  i 

JO 

.197930 

3.3564900 

.3.2.04 

3.2040638 

-04757 

954588 

40 

30 

.300706 

3-3255095 

■315399 

3-1715948 

-04853 

9537"  7 

30  i 

40 

■303479 

3-3951334 

.318500 

3-1397194 

-04950 

952838 

5° 

.306249 

3-3653.49 

.321707 

3.1084210  1 

.05047 

95«95' 

10 

It  0 

.3090' 7 

3.2360680 

■334930 

3-0776835 

.05.46 

951057 

72    0 

10 

.311783 

3.2073673 

-328139 

3.0474915 

.05246 

950154 

50 

10 

■3 '45  45 

3.179197S 

■33>364 

3.01 78301 

0534- 

949343 

40 

30 

■3*7305 

3-'5i54S3 

•334595 

2.9886850 

.05+49 

948334 

30 

40 

.320062 

3- '343959 

■337833 

2.9600422 

.05553 

947397 

SO 

.322816 

30977363 

-341077 

3.9318885 

-05657 

946462 

10 

19  0 

.3«S568 

3-0715535 

-344338 

1.9043109 

.05762 

9455 '9 

Jl    0 

10 

■  328317 

3.0458352 

-347585 

2.8:69970 

.05869 

944568 

50 

JO 

■33»o63 

3.0205693 

-350848 

2-8502349 

.05976 

943609 

40 

30 

•333807 

3-9957443 

.354119 

1.8239129 

.06085 

942641 

30 

40 

■33<>S47 

2.9713490 

-357396 

3.7980198 

.06195 

941666 

SO 

•339»8s 

3-9473734 

.360680 

3-7735448 

.06306 

940684 

10 

0^ 

SOK. 

Cgnfoi- 

TiVA 

c«^j 

Sua. 

Ail^ 

MAIIIEMATICAL   TABLES. 


A-gli^ 

Smt. 

Co«™. 

T«>B«t 

Ci«n«„. 

Soul. 

t«u» 

J 

ao'  o' 

.341020 

2.9238044 

.363970 

2.7474774 

I.064IS 

■939693 

ri 

10 

■3447S= 

2.9006346 

.367268 

2.7228076 

1.06531 

.938694 

i 

30 

■347481 

1-8778532 

■370573 

2.69S5254 

1.06645 

-9376S7 

¥ 

30 

■3S02°7 

2-855451° 

■373885 

2.6746215 

1.0676 1 

■936672 

r 

40 

■35^931 

2-8334'8s 

.377204 

2.6510867 

1.06878 

-935650 

K 

50 

■3SS6SI 

2.8117471 

.380530 

2.6379121 

1.06995 

.934619 

H 

21  0 

.358368 

2.7904281 

■383864 

3.6050S9I 

1.07115 

■933580 

S9I 

10 

.361082 

2.7694532 

.387205 

3.5826094 

1-07335 

■932534 

• 

20 

■363793 

2,7488144 

■390554 

3.5604649 

1-07356 

.931480 

4a 

s° 

.366501 

^.7=85038 

■39391 ' 

2.5386479 

1.07479 

.930418 

d 

40 

.369206 

2.7085139 

-39727s 

2-5171507 

1.07602 

.929348 

aa 

50 

.371908 

2.6888374 

.400647 

2.4959661 

1.07727 

.928270 

« 

33  0 

.374607 

2.6694672 

.404026 

2.4750869 

■■07853 

.937184 

581 

10 

3773°^ 

2.6503962 

.407414 

3.4545061 

1.07981 

.926090 

5" 

zo 

379994 

2.6316180 

.410810 

3.4342172 

1.08109 

.924989 

4* 

30 

382683 

2.6131259 

.414214 

2.4142136 

1.08239 

.9338S0 

30 

40 

385369 

2-5949137 

.417626 

2.3944889 

..08370 

.933762 

30 

50 

388052 

2-5769753 

.421046 

2-3750372 

1.08503 

.931638 

10 

J3  0 

39073' 

2.SS93°47 

.424475 

2-3558524 

1.08636 

■920505 

57  0 

■393407 

2.5418961 

.427912 

2.3369287 

1.08771 

.919364 

50 

30 

396080 

2.5247440 

■43'358 

2.3182606 

1.08907 

.918216 

40 

30 

398749 

2,5078428 

■434812 

2.2998425 

1.09044 

.917060 

30 

40 

40141S 

2.4911874 

.438276 

2.2816693 

..09,83 

.915896 

5° 

404078 

2.4747726 

■441748 

2-2637357 

1-09323 

■914725 

10 

24  0 

406737 

2-4585933 

.445229 

2.2460368 

1.09464 

.913545 

56    0 

10 

409392 

2.442644S 

■448719 

2.2285676 

1.09606 

912358 

SO 

20 

.412045 

2.4269222 

.452218 

2.2113234 

1-09750 

.911164 

40 

3° 

.414693 

2,4114210 

■455726 

2.1942997 

1.09895 

.909961 

30 

40 

417338 

2,3961367 

.459244 

2.1774920 

1.10041 

908751 

20 

SO 

419980 

2,3810650 

.462771 

3.1608958 

..10,89 

907533 

10 

25  0 

.42261S 

2,3662016 

.466308 

3.1445069 

1.10338 

.906308 

55  0 

■425253 

2.35'S424 

■469854 

3.1  2832  13 

1,10488 

■905075 

SO 

30 

.427884 

2-3370833 

-473410 

3.1123348 

1,10640 

■903834 

40 

30 

.43°S"i 

2.3228205 

■476976 

2.0965436 

1. 10793 

■902585 

30 

40 

-433135 

2.3087501 

■  48055' 

a.0809438 

1.10947 

.901329 

20 

50 

■43S75S 

2.2948685 

.484137 

2.0655318 

1.11103 

.900065 

10 

26  0 

■43837' 

2.2811720 

■487733 

2.0503038 

1.11260 

.898794 

64  0 

10 

.440984 

2.  2676571 

■491339 

2-0352565 

1.11419 

■897515 

50 

so 

■443593 

3.2543204 

■494955 

3.0203862 

1-11579 

.896329 

40 

30 

.446198 

2.2411585 

.49S582 

2.0056897 

1.11740 

.894934 

30 

40 

.448799 

2.2281681 

.502219 

1.9911637 

1.11903 

■893633 

20 

SO 

■4S'397 

2.2153460 

.505867 

1.9768050 

1.12067 

-892323 

10 

C«int, 

Stcot, 

Co^««,. 

TuigHlL 

CoKiant. 

Sb.. 

Angl.. 

f 
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1  lA^l     Sb<- 

Cosecant. 

Tangent. 

Cotangent. 

Secant 

Co&ine. 

Br*0|-45399O  2.2026893 

•509525 

1. 9626105 

1. 12233  .891007 'Ga**  0' 

H  101456580  2.1901947 

•513195 

1.9485772 

1. 1 2400  .889682 

50 

W  101.459166 

^-1778595 

.516876 

1.9347020 

1. 1 2568  .888350 

40 

il  3or46i749 

2.1656806 

•520567 

1.920982 1 

1. 12738  ^  .887011 

30 

1  401.464327  2-1536553 

•524270 

I.9074147 

1.12910  '.885664 

20 

Il  501.466901  2. 141 7808 

.527984 

1.8939971 

1. 13083  .884309 

1 

10 

ll  0  .469472 

2.1300545 

.531709 

1.8807265 

1. 13257  .882948 

62  0 

10  .472038 

2. 1 184737 

•535547 

1.8676003 

1. 13433 

.881578 

50 

10 

.474600 

2.1070359 

.539195 

I.8546159 

1.13610 

.880201 

40 

30 

•477159 

2.0957385 

.542956 

I.8417409 

1.13789. 878817 

30 

40 

.479713 

2.0845792 

.546728 

1.8290628 

1.13970  .877425 

20 

50 

.482263 

2.0735556 

•550515 

I.8164892 

1.14152  .876026 

10 

"9  0 

.484810 

2.0626653 

•554309 

1.8040478 

1. 14335  874620 

61  0 

10 

.487352 

2.05 1 906 1 

.558118 

I.7917362 

1.14521  .873206 

50 

20 

.489890 

2.0412757 

•561939 

1.7795524 

1.14707  .871784 

40 

i  30 

.492424 

2.0307720 

•565773 

1.7674940 

1. 1 4896  .870356 

30 

40 

•494953 

2.0203929 

.569619 

1.7555590 

1. 15085  .86S920 

20 

50 

•497479 

2.OIOI362 

•573478 

17437453 

1.15277  .867476 

10 

P  0 

.500000 

2.0000000 

•577350 

1.7320508 

1.15470 

.866025 

60  0 

10 

•so^sn 

1.9899822 

•581235 

1.7204736 

1.15665 

.864567 

50 

20 

•505030 

1. 98008 10 

•585134 

1. 70901 16 

1.15861 

.863102 

40 

30 

•507538 

1.9702944 

•589045 

1. 6976631 

1. 16059 

.861629 

30 

40 

.510043 

1.9606206 

•592970 

1. 6864261 

1.16259 

.860149 

20 

50 

•512543 

I95IO577 

.596908 

1.6752988 

1. 16460 

.858662 

10 

31  0 

•515038 

1.94 1 6040 

.600861 

1.6642795 

1. 16663 

.857167 

59   0 

10 

•517529 

19322578 

.604827 

1.6533663 

1. 16868 

.855665 

50 

20 

.520016 

I.923OI73 

.608807 

1.6425576 

1.17075 

.854156 

40 

30 

.522499 

1. 9138809 

.612801 

I.6318517 

1.17283 

.852640 

30 

40 

.524977 

1.9048469 

.616809 

1. 6212469 

1. 1 7493 

.851117 

20 

50 

•527450 

1-8959138 

.620832 

I.6107417 

1. 17704 

.849586 

10 

3a  0 

.529919 

1.8870799 

.624869 

1.6003345 

1.17918 

.848048 

58   0 

10 

.532384 

1.8783438 

.628921 

1.5900238 

1.18133 

•846503 

50 

20 

.534844 

1.8697040 

.632988 

1.5798079 

1.18350 

.844951 

40 

30 

.537300 

1. 861 1590 

.637079 

1.5696856 

1.18569 

■843391 

30 

40 

.539751 

1.8527073 

.641167 

1.5596552 

1. 18790 

.841825 

20 

50 

-542197 

1.8443476 

.645280 

I.5497155 

1.19012 

.840251 

10 

B  0 

-544639 

1.8360785 

.649408 

1.5398650 

1.19236 

.838671 

57   0 

10 

•547076 

1.8278985 

.653531 

I.53OIO25 

1. 1 9463 

.837083 

50 

20 

-549509 

1.8 1 98065 

.657710 

1. 5204261 

1.19691 

.835488 

40 

30 

-551937 

1.8118010 

.661886 

1. 5108352 

1. 19920 

.833886 

30 

40 

•554360 

1.8038809 

.666077 

1. 5013282 

1. 20152  .832277 

20 

50 

•556779 

1.7960449 

.670285 

I.4919O39 

1.20386 '  .830661 

10 

^^  .  _?_ 

Secant. 

Cotangent. 

Tangent. 

Cosecant. 

Sine. 

Angle. 

MATHEMATICAL   TABLES. 


Angl=. 

SiM. 

Co,e™i. 

TonBoit. 

Stoat. 

CaiDt 

34°  o 

■559193 

1.7882916 

.674509 

1.4835610 

1.20622 

.829038 

!«• 

lO 

.5616OZ 

1. 7806101 

.678749 

'-4732983 

1.20859 

.827407 

20 

.564007 

r. 7730390 

.683007 

1.4641147 

1.21099 

.825770 

30 

.566406 

i-7655>73 

,687281 

14550090 

1.2.341 

.824136 

40 

.568801 

1.7580837 

-691573 

1.4459801 

..21584 

.822475 

50 

■571191 

1.7507373 

.69588. 

1.4370368 

1.31830 

.820817 

35  ° 

■573576 

1.7434468 

.700208 

1. 4381480 

1.23077 

.819152 

3 

-575957 

1.7363413 

-704552 

1-4193427 

1.22327 

.817480 

20 

■57833^ 

1. 7191096 

■708913 

1.4 106098 

1.22579 

,815801 

30 

.580703 

1.7220508 

■713293 

1.4019483 

..23833 

.814116 

40 

.583069 

1.7150639 

.717691 

1-3933571 

1.23089 

.813423 

50 

■585439 

1.7081478 

.721108 

1-3848355 

..33347 

.810733 

36^0 

■587785 

1. 7013016 

■726543 

1.3763810 

1.33607 

.809017 

H 

.590136 

1.6945244 

.730996 

1-3679959 

1.23869 

.807304 

ao 

.592481 

:.6878i5i 

-735469 

1-3596764 

1-24134 

.805584 

30 

■594823 

1.6811730 

.739961 

1.3514224 

1.24400 

-803857 

40 

■597159 

1.6745970 

.744472 

1-3432331 

1.24669 

.803123 

SO 

■599489 

1.6680864 

.749003 

1.3351075 

1.24940 

.800383 

37  f> 

.601815 

1.6616401 

■753554 

1.3270448 

1.25214 

-798636 

i3 

.604136 

1-6552575 

■758125 

1.3 1 90441 

1.25489 

.796883 

zo 

.606451 

1.6489376 

.762716 

1.3111046 

1.35767 

-795121 

30 

.608761 

1.6426796 

.767627 

'-303^254 

1.26047 

-793353 

40 

.611067 

1.63648^8 

-771959 

1.2954057 

1.36330 

-79.579 

50 

.613367 

1.6303463 

.776613 

1.2876447 

1.36615 

.789798 

38^0 

.615661 

1.6242692 

.781286 

1.3799416 

1,26903 

.788011 

!» 

■617951 

1.6182510 

.785981 

1,3732957 

1.27191 

.786217 

20 

.620235 

1.6122908 

.790698 

1.2647062 

1.27483 

.784416 

3° 

.622515 

1.6063879 

-795436 

1. 2571723 

1,27778 

.782608 

40 

.624789 

T. 60054  16 

.800196 

1.2496933 

1.28075 

.780794 

50 

.627057 

1. 5947511 

.804080 

1,2422685 

1.28374 

.778973 

39  0 

.629320 

1.5890157 

.809784 

1.2348972 

1,28676 

.777146 

S" 

10 

■631578 

1-5833318 

.814613 

1.3375786 

1.38980 

-775312 

20 

■633831 

1.5777077 

-819463 

1. 3303121 

1.39287 

-773472 

30 

.636078 

I-572I337 

.824336 

1.3130970 

1-29597 

.771625 

40 

.638320 

I. 5666121 

.829234 

1.2059327 

1.29909 

.769771 

50 

■640557 

1.5611424 

-834155 

1.1988184 

1.30223 

.767911 

40  0 

.6+2788 

1-5557238 

.839100 

•■I9I7536 

1.30541 

.766044 

5" 

10 

,645013 

1-5503558 

.844069 

1.1847376 

1.30861 

.76417. 

20 

■647'33 

I-545037S 

.849062 

1.177769S 

..31183 

.763392 

30 

.649448 

1-5397690 

.854081 

1.1708496 

.■31509 

.760406 

40 

■651657 

1-5345491 

.859124 

1.1639763 

1.31837 

.7585.4 

50 

.653861 

'■5293773 

.864193 

i^i57i495 

1.32168 

-7566.5 

CfflM. 

Scant. 

Coa«g=«L 

T„g.„,. 

L-o««.L 

Sdc 

"^ 

SINES,  cosines;  ftC  OF  ANGLES. 


109 


Si^ 

Owrram    '  Tangent. 

Cocangent. 

Secant. 

^^ 

656059 

1.5242531   .869287 

1.1503684 

1.32501 

-754710  ♦9'*  0' 

658252 

i-5«9i759  -^74407 

T.I436326 

1.32838 

-752798 

50 

S60439 

1.5141452 ;  .879553 

I.I369414 

1-33177 

.750880 

40 

S62620 

I.5091605  J  .884725 

1. 1302944 

133519 

-748956 

30 

)64796 

1.50422 1 1   .889924 

1. 1 236909 

1.33864 

-747025 

20 

166966 

1.4993267   .895151 

1. 1 1 71305 

1.34212  .745088 

1 

10 

•69131 

1.4944765 :  .900404 

I.II06125 

1.34563  .743145 

48   0 

71289  j 

1.4896703  .905685 

I.IO41365 

1.34917; -741195 

50 

75443  j 

1.4849073  j  .910994 

1.0977020 

1.35274  1.739239 

40 

755901 

1.4801872 !  .916331 

I.0913085 

135634  .737277 

30 

77732 ! 

1-4755095  j  .921697 

1.0849554 

1-35997  .735309 

20 

79868 

1.4708736  .927091 

1.0786423 

1-36363  -733335 

1 

10 

81998 

1.4662792  •  .932515 

1.0723687 

1-36733-731354 

47    0 

84123 

1.4617257:  .937968 

I.066134I 

1-371051-729367 

50 

86242 

1.4572127 1 .943451 

1.0599381 

1.37481  .727374 

40  ' 

8«355 

1.4527397 !  .948965 

1. 053  780 1 

1.37860 1.725374 

30  . 

90462 

1.4483063;  .954508 

1.0476598 

1.38242  ;  .723369 

20 

92563 

1.4439 1 20 1  .960083 

1.0415767 

1.386281.721357 

10 

94658 

1.4395565 '  .965689 

10355303 

1.39016-. 719340 

46   0 

96748 

1.4352393 .  .971326 

1.0295203 

1.39409!. 71 7316 

50 

98832 

1.4309602    .976996 

I.0235461 

1.39804 1. 715286 

40 

00909 

1.4267182  ^  .982697 

1.0176074 

1.40203  j.713251 

30 

'02981 

1.4225134'  .988432 

I.OII7088 

1.40606!  .711209 

20 

05047 

1.4183454  •  .994199 

1.0058348 

1.41012  '  .709161 

1 

10 

ro7io7 

1.4142136  I.OOOOOO 

'  I.OOOOOOO 

I.41421  .707107 

«   0 

0^ 

T-.-. 

Cowrrant  •   Sine. 

f 

1 

AngfcL 

MATHEMATICAL  TABLES. 


Ancle 

Sw. 

T««»i. 

C«.^i. 

Coaine. 

J 

^f 

9.657047 

9.707166 

10.393834 

9.949881 

63'    ^ 

lo' 

96595 '7 

9,710282 

IO.3S9718 

9949335 

5*'  f 

9.661970 

9-713386 

10.386614 

9.948584 

40     1 

30 

9,664406 

9-716477 

10.283523 

9.947929 

v>    1 

40 

9.666834 

9-7«9SSS 

10.280445 

9.947369 

.0     f 

50 

9.669235 

9.723631 

10.277379 

9.946604 

.0  f 

28 

9,671609 

9-725674 

10,274326 

9-945935 

6a 

10 

9-673977 

9.728716 

10.371384 

9.945261 

50 

zo 

9.676328 

9-731746 

10.268254 

9-944583 

40 

30 

9.678663 

9-734764 

10.265236 

9.943899 

30 

40 

9.6809S3 

9.737771 

10.262229 

9.943210 

so 

9.6833S4 

9.740767 

10.259233 

9-942517 

10 

29 

9-685571 

9.74375:' 

ro. 356248 

9.941819 

61 

10 

9.687843 

9.746726 

10.253274 

9.941117 

50 

10 

9.690098 

9-749689 

10.350311 

9.940409 

40 

30 

9-69'339 

9.752642 

10.247358 

9-939697 

30 

40 

9.694564 

9-755585 

10.344415 

9-938980 

30 

50 

9.696775 

9-758517 

10.341483 

9.938358 

10 

30 

9.698970 

9.761439 

10.338561 

9-93  7531 

60 

10 

9.701151 

9-76435' 

10.335648 

9936799 

50 

20 

9' 7033 1 7 

9-767255 

10.333745 

9.93606a 

40 

3° 

9.705469 

9.770148 

10.33985a 

9-935320 

30 

40 

9.707606 

9.773033 

10.336967 

9.934574 

50 

9,709730 

9-775908 

10.334093 

9-933822 

10 

31 

9.711839 

9-778774 

10.331336 

9.933066 

59 

lO 

9-713935 

9. 781631 

10.318369 

9.932304 

SO 

20 

9,716017 

9-784479 

9-931537 

40 

30 

9-7[8oSs 

9.787319 

!o!3l268! 

9.930766 

30 

40 

9,730140 

9.790151 

10.209849 

9.939989 

50 

9.722181 

9.793974 

10.307036 

9.939207 

10 

32 

9.734310 

9-795789 

10.304311 

9.938430 

58 

ro 

9.726335 

9.798596 

10.301404 

9.937639 

50 

ao 

9.738337 

9801396 

10.198604 

9.926831 

40 

3° 

9.730317 

9,804187 

IO.I95813 

9.926029 

30 

40 

9' 732 193 

9.806971 

10.193029 

9.925222 

20 

50 

9.734157 

9.809748 

10.190153 

9.924409 

10 

33 

9.736109 

9.812517 

10.187483 

9.93359" 

57 

10 

9.738048 

9.815280 

10.184730 

9.922768 

50 

30 

9-739975 

9.818035 

10.181965 

9.921940 

40 

30 

9.741889 

9.820783 

10.179217 

9.921107 

30 

40 

9-74379» 

9-8235M 

10.176476 

9.920268 

SO 

9-745683 

9.826359 

10.173741 

9.919424 

10 

COHK. 

CMUgUL 

Tug«u. 

Sin.^ 

Angle. 

LOGARITHMIC  SINES,   TANGENTS,  4c 


ixk      Sum. 

T«w«L      C 

»U-^. 

Corint. 

»'             9-53405" 

9.561066    10 

438934 

9.972986 

70' 

'o'  9537507 

9.564983   "o 

435017 

9-9725*4 

50' 

10   9-54093' 

9.568873   'o 

431127 

9-972058 

40 

30    9-544325 

9-572738     10 

427262 

9.971588 

30 

40    9-547689 

9.576576   10 

423424 

9.971II3 

50    9.551014 

9.580389   10 

419611 

9-970635 

10 

«     9-5543^9 

9.584177   10 

415823 

9,970152 

69 

10   9.557606 

9.587941    10 

412059 

9,969665 

50 

10 

9-560855 

9.591681    10 

408319 

9.969173 

40 

i" 

9-564075 

9.595398   10 

404602 

9,968678 

30 

40 

9.567169 

9.599091    10 

400909 

9,968178 

SO 

9570435 

9.602761   10 

397239 

9,967674 

ro 

u 

'9-573575 

9.606410   10 

393590 

9.967166 

68 

10 

9.576689 

9.610036   10 

389964 

9-966653 

SO 

zo 

9-579777 

9.613641    10 

386359 

9.966136 

40 

30 

9.582840 

9.617224   10 

382776 

9.965615 

30 

40 

9-585877 

9.610787    10 

3792'3 

9.965090 

50 

9.588890 

9.624330   10 

375670 

9-964560 

10 

13 

9.591878 

9.627852   10 

372148 

9.964026 

67 

9.594842 

9.63135s   10 

368645 

9.963488 

50 

30 

9597783 

9.634838   10 

365162 

9-962945 

40 

30 

9.600700 

9.63830a   10 

36.698 

9.962398 

30 

40 

9603594 

9.641747    'o 

358253 

9.961846 

50 

9.606465 

9.645174     10 

354826 

9.961290 

10 

M 

9-609313 

9,648583     10 

3SU17 

9.960730 

66 

9.6 1 3 140 

9,651974   "o 

348026 

9,960165 

50 

10 

9.614944 

9.655348     10 

344652 

9.959596 

40 

30 

9.61 7717 

g.658704     10 

341296 

9.959023 

30 

40 

9.620488 

g.  662043   'o 

337957 

9958445 

20 

so 

9. 623  J 19 

9.665366   10 

334634 

9957863 

10 

>s 

9.625948 

9.668673   10 

33 '3=8 

9.957276 

65 

9.628647 

9.671963    to 

328037 

9.956684 

SO 

30 

9-631326 

9.675237   10 

3*4763 

9.956089 

40 

30 

9-633984 

9.678496   10 

3"  504 

9-955488 

30 

40 

9.636623 

9.681740   10 

318260 

9-954883 

20 

50 

9.639242 

9.6S4968   10 

315032 

9-95-1274 

10 

16 

9.641842 

9.688182   10 

311818 

9.953660 

64 

10 

9.644423 

9.691381    10 

308619 

9-953042 

50 

ao 

9.646984 

9.694566   10 

305434 

9.952419 

40 

30 

9.6495*7 

9.697736   10 

302264 

9-9S'79i 

30 

40 

9.652052 

9.700893   10 

299107 

995"59 

ao 

SO 

9-654558 

9.704036   10 

295964 

9.950522 

10 

Cow-:. 

CMUStDl. 

r^c 

SiDb 

A.ik. 

MATHEMATICAL  TABLES. 


Argit 

Sioe. 

T^.. 

CoBkntcal. 

c«^. 

37- 

9.657047 

9.707166 

10.292834 

9.949881 

63' 

lo' 

9-6595 » 7 

9.710282 

10.289718 

9-949235 

S"' 

ao 

9.661970 

9.713386 

10.286614 

9.948584 

40 

3° 

9.664406 

9.716477 

10.283523 

9.947929 

30 

40 

9.666824 

9-719555 

10.280445 

9,947269 

20 

50 

9.669235 

9.722621 

10.277379 

9.946604 

10 

3S 

9.67  r6o9 

9.725674 

10.174326 

9-945935 

63 

10 

9.673977 

9.728716 

10.27:284 

9.945261 

50  , 

30 

9.676328 

9-731746 

10.268254 

9.944582 

40 

30 

9.678663 

9-734764 

10.265236 

9.943899 

30 

40 

9.680982 

9.737771 

10.262229 

9.943210 

30 

so 

9.683284 

9.740767 

10.259233 

9.942517 

10 

29 

9-685571 

9-74375= 

10.256248 

9.941819 

61 

10 

9.687843 

9.746726 

10.253274 

9.941117 

50 

ao 

9.690098 

9.749689 

10.250311 

9.940409 

40 

30 

9-'59a339 

9.752642 

10.247358 

9-939697 

30 

40 

9.694564 

9-755585 

10.244415 

9.938980 

20 

50 

9.69677s 

9.758517 

10.241483 

9,938258 

10 

30 

9.698970 

9-761439 

10.238561 

9-937S3> 

60 

10 

9.701151 

9-764352 

10.235648 

9-936799 

S<» 

20 

9- 7033 1 7 

9-767255 

10.232745 

9.936062 

40 

3° 

9.705469 

9.77014S 

10.229852 

9-9353*0 

30 

40 

9.707606 

9.773033 

10.226967 

9-934574 

20 

50 

9.709730 

9.775908 

10.22409a 

9-933822 

10 

31 

9,711839 

9.778774 

10.221226 

9.933066 

53 

10 

9-7'3935 

9.781631 

10.218369 

9932304 

SO 

20 

9.716017 

9.784479 

10.21552, 

9-931537 

40 

3° 

9.718085 

9-787319 

10,212681 

9,930766 

30 

40 

9.720140 

9.790151 

10.209849 

9.929989 

50 

9.722181 

9-79^974 

10.207026 

9.929207 

10 

3a 

9,724210 

9-795789 

10.204211 

9,928420 

58 

10 

9,726225 

g.  798596 

10.201404 

9.927629 

SO 

ao 

9.728227 

9.801396 

10.198604 

9.926831 

40 

3° 

9.730217 

9.804187 

10.195813 

9.926029 

30 

40 

9- 732 '93 

9.806971 

10.193029 

9.92522a 

50 

9-734>S7 

9.809748 

10.190252 

9.924409 

10 

33 

9.736109 

9.812517 

10.187483 

9-92359' 

57 

ro 

9.738048 

9.815280 

,0.184720 

9.922768 

50 

zo 

9-739975 

9.818035 

10.18,965 

9.921940 

40 

3° 

9.741889 

9.820783 

10,179217 

9.92 1 107 

30 

40 

9-74379* 

9-823524 

10.176476 

9.92026S 

50 

9.745683 

9.826259 

IO.I7374I 

9.919424 

10 

Corini, 

CeungHt. 

T„^. 

Siu, 

Aogfe 

LOGARITHIUC  SINES,  TANGENTS,  &C. 


"5 


'^ 

I.^ 

Conie. 

3*'  . 

9.747562 

9.828987 

IO.171013 

9.918574 

5^^  , 

lo' 

9.749429 

9.831709 

10. 1 682  9 1 

9.917719 

50' 

30 

9.7512S4 

9.834425 

10.165575 

9.916859 

40 

30 

9.753128 

9.837134 

10.162866 

9.915994 

30 

40 

9.754960 

9.839838 

IO.160162 

9.915123 

20 

50 

1  9.756782 

9.842535 

10.157465 

9.914246 

10 

35 

9-75S59I 

9.845227 

10.154773 

9.913365 

55 

10 

9.760390 

9.847913 

10.152087 

9.912477 

50 

20 

9.762177 

9.850593 

10.149407 

9.91 1584 

40 

30 

9763954 

9.853268 

10.146732 

9.910686 

30 

40 

9.765720 

9.855938 

10.144062 

9.909782 

20 

50 

9.767475 

9.858602 

IO.I41398 

9.908873 

10 

36 

9.769219 

9.861261 

10.138739 

9.907958 

54 

10 

9.770952 

9.863915 

10.136085 

9.907037 

SO 

20 

9.772675 

9.866564 

10.133436 

9.9061 1 1 

40 

30 

9.774388 

9.869209 

IO.I30791 

9.905179 

30 

40 

9.776090 

9.871849 

IO.I28151 

9.904241 

20 

50 

9.777781 

9.874484 

IO.I25516 

9.903298 

10 

37 

9-779463 

9.877114 

10.122886 

9.902349 

53 

10 

9.781134 

9.879741 

10.120259 

9.901394 

SO 

20 

9.782796 

9.882363 

10. 1 1 7637 

9.900433 

40 

30 

9.784447 

9.884980 

10. 1 1 5020 

9.899467 

30 

40 

9.786089 

9.887594 

1 0.1 1 2406 

9.898494 

20 

50 

9.787720 

9.890204 

10.109796 

9.897516 

10 

* 

9.789342 

9.892810 

IO.IO7190 

9.896532 

52 

10 

;  9.790954 

9.895412 

10. 104588 

9.895542 

SO 

ao 

9.792557 

9.898010 

IO.IOI990 

9.894546 

40 

30 

9.794150 

9*900605 

10.099395 

9.893344 

30 

40 

9.795733 

9.903197 

10.096803 

9.892536 

20 

50 

1  9.797307 

9.905785 

10.094215 

9-891523 

10 

» 

9.798872 

9.908369 

10.09163 1 

9.890503 

51 

10 

9.800427 

9.910951 

10.089049 

9.889477 

50 

20 

9.801973 

9.913529 

10.086471 

9.888444 

40 

30 

9.8035 1 1 

9.916104 

10.083896 

9.887406 

30 

40 

9.805039 

9.918677 

10.081323 

9.886362 

20 

50 

9.806557 

9.921247 

10.078753 

9.88531 1 

10 

P 

9.808067 

9.923814 

10.076186 

9.884254 

50 

10 

9.809569 

9.926378 

10.073622 

9-883191 

SO 

20 

9.81 1061 

9.928940 

10.071060 

9.882 12 1 

40 

30 

9.812544 

9.931499 

10.068501 

9.881046 

30 

40 

9.814019 

9.934056 

10.065944 

9.879963 

20 

50 

9.815485 

9.93661 1 

10.063389 

9.878875 

10 

- 

Codae. 

CocaagcnL 

TamgeoL 

Sine 

1   AniiU. 

1 

IfATHEMATICAX.  TABLE& 


TABLE  No.  XI.— RECIPROCALS  OF  NUMBERS 
FROM   I  TO  lOOO. 


N. 

R«i[»ooL 

No. 

itopmcL 

No. 

EUdpnod 

No. 

Ra|«d. 

I   , 

000000 

40 

035000 

79 

012658 

118 

0084W 

3 

3 

4  ■ 

500000 

333333 

350000 

41 

42 

43 

034390 
023810 
033256 

60 
81 
83 

^13500 
013346 

OI2I9S 

119 
I30 

008403 

1 

I 
9 

166667 
142857 

135000 

44 
45 
46 
47 
48 

023737 

03 1 739 

02I377 

030833 
030408 

83 
84 
85 
86 
87 

012048 
011905 

01.765 

OII638 
011494 

.22 
123 
124 
125 
136 

008197. 
00813a 
00806s 
00800a 

007937  j 

10 

I 00000 

49 

88 

01.364 

137 

00787* 

090909 

50 

030000 

89 

011236 

128 

0078IJ 

13 

083333 

5» 

0.9608 

90 

oiiiu 

129 

007751 

13 

076933 

52 

°'tlli 

91 

OJ0989 

130 

007693- 

14 

071439 

S3 

018868 

93 

OJ0870 

13' 

00763+ 

^1 

066667 

54 

0,85,5 

93 

0107S3 

132 

00757& 

r6 

062500 

55 

018183 

94 

010638 

133 

007519. 

'I 

058824 

56 

017857 

95 

010526 

134 

007463. 

i8 

055556 

57 

017544 

96 

010417 

13s 

007407 

19 

053633 

58 

017241 

97 

OJ0309 

136 

0O73S3. 

30 

050000 
047619 

59 

016949 

98 

010204 

137 

007299 

60 

016667 

99 

OIOIOI 

'38 

007  246 

33 

045455 

61 

016393 

100 

oioooo 

139 

0071941 

Z3 

043478 

62 

016129 

101 

009901 

140 

007143 

24 

041667 

63 

015873 

103 

009804 

141 

007092 

*S 

040000 

64 

015625 

103 

009709 

142 

007043 

36 

038463 

65 

01538s 

104 

009615 

143 

006993 

'J 

037037 

66 

015151 

105 

009524 

144 

006944 

38 

035714 

67 

014925 

106 

009434 

145 

006897 

39 

034483 

68 

014706 

107 

009346 

146 

006849 

69 

014493 

108 

009259 

147 

006S03 

30 
3' 

033333 
032258 
031250 

70 
71 

014286 
014085 

109 
no 

009174 

009091 

14a 
149 

006757 
0067.. 

33 

030303 

72 

013889 

III 

009009 

150 

006667 

34 

039413 

73 

013699 

113 

008929 

151 

006633 

35 

028571 

74 

013514 

113 

008850 

152 

006579 

36 

037778 

7S 

013333 

114 

008773 

153 

006536 

37 

037027 

76 

0.31S8 

115 

008696 

154 

006494 

38 

026316 

77 

012987 

116 

00802 1 

155 

006452 

39 

035641 

78 

012821 

117 

008547 

'56 

006410 

RECIPROCALS  OF  NUMBERS. 


Ma. 

K«,r.»L 

No. 

R«i|>n>aL 

Ko. 

Ho. 

E«iproal 

157 

.006369 

302 

004950 

347 

004049 

292 

.003425 

■s» 

.006339 

303 

004926 

348 

004032 

1  '93 

■003413 

159 

.006JS9 

204 

004903 

249 

004016 

'94 

.003401 

lb 
161 

.006150 
.006211 

.006173 

205 
206 
207 

jo8 

004878 
004854 
004831 
004808 

250 

251 

25' 

0040DD 
□03984 
003968 

,  295 
296 
397 
398 

.003390 
.003378 
.003367 
-003356 

.63 
1S4 

.006135 
.006098 

209 

004785 

'S3 
254 

005953 
003937 

'99 

■003344 

.«s 

.006061 

aio 

004762 

'55 

003933 

300 

■003333 

<» 

.006034 

211 

004739 

256 

003906 

301 

.00332a 

■67 

.005988 

213 

004717 

«57 

003S91 

303 

.003311 

1(8 

-005952 

213 

004695 

'58 

003876 

303 

.003301 

'&) 

.005917 

214 

OD4673 

359 

003861 

304 

.003289 

170 

171 
'T 
•73 
■74 

.005882 
.005848 

.005S.4 

.005780 
.005747 

317 
218 
219 

004651 
004630 
DO460S 
004587 
004566 

260 
261 
262 
'63 

264 

003846 
003831 
003817 
003802 
003788 

3°S 
306 
307 
308 
309 

.003279 
.003268 

.003257 
-003247 
.003236 

17s 

.005714 

aao 

004545 

1^ 

003774 

310 

.003226 

176 

.005682 

221 

004525 

266 

003 759 

311 

.003215 

177 

.005650 

222 

004505 

267 

00374s 

313 

.003205 

178 

.005618 

223 

004484 

268 

003731 

3"3 

.003195 

•n 

■005587 

224 

004464 

269 

003717 

3'4 

.003185 

180 
181 

■005556 
.005125 

226 

004444 

004425 

270 

271 

003704 
D03690 

3JS 
3'6 

■003175 
.003165 

iSj 

.005495 

III 

004405 

272 

003676 

317 

■003155 

183 

.005464 

004386 
004367 

'73 

003663 

318 

■003145 

.84 

-005435 

229 

'74 

003650 

319 

-00313s 

.8s 
186 
.87 

.005405 
.005376 
.005348 

230 
S3I 
232 

004348 
004329 
004310 

III 

'77 

003636 
003633 
0036.0 

320 

3" 

,003135 
■DO3II5 
.003106 

1S8 
185 

.005319 
.005291 

233 
^34 

004292 
004174 

278 
'79 

003S97 
003584 

3'3 
3'4 

.003086 

igo 

.005263 

235 

004255 

280 

003571 

3'5 

.003077 

191 

-005236 

236 

004337 

281 

003559 

3'6 

.003067 

19J 

.005308 

231 

004319 

283 

003546 

3'7 

.003058 

•93 

.005181 

33S 

004202 

'83 

003s 34 

328 

.003049 

•94 

■005155 

239 

004184 

284 

003533 

3'9 

.003040 

'.U 

.005138 
.005102 

240 

004167 

'85 
286 

003509 
003497 

330 

.003030 

197 

.005076 

241 

004149 

387 

003484 

331 

.003021 

198 

.005051 
.005035 

242 
343 

344 

004132 
00411S 
004098 

288 
289 

003472 
003460 

33' 
333 
334 

.003012 
.DO3003 
.003994 

aoo 

.005000 

»4S 

004082 

290 

003448 

'  335 

.002985 

JOI 

.004975 

246 

004065 

2p.  ,! 

003436 

I336 

,002976 

MATHEMATICAL  TABLES. 


No. 

R«ip™l. 

No, 

RcdptDoL 

No. 

ftedprooL 

No. 

R«ir«^ 

337 

002967 

38" 

.002618 

437 

002342 

472 

001119  , 

338 

002959 

383 

.002611 

428 

002336 

473 

0021,4 

339 

002950 

384 

.002604 

429 

002331 

474 

00  J 110 

385 

.002597 

002326 

47S 

002 los 

340 

002941 

386 

.002591 

430 

476 

002101 

341 

002933 

38; 

.002584 

431 

002320 

477 

002096 

34a 

002924 

388 

.002577 

43  a 

002315 

478 

002092 

343 

002915 

389 

.002571 

433 

002309 

479 

002088 

344 

434 

002304 

34S 

002899 

390 

.002564 

435 

002299 

480 

002083 

346 

002890 

39' 

.002558 

436 

002294 

481 

002079 

"2 

002882 

39a 

.002551 

437 

002288 

482 

002075 

348 

002874 

393 

.002545 

438 

002283 

483 

002070 

349 

002865 

394 

.002538 

439 

002278 

484 

002066 

350 
35' 
352 
353 
354 

002857 
002849 
002841 
002833 
002825 

395 
396 
397 
398 
399 

.002532 
.002525 
.002519 

440 
441 
442 
443 
444 

002273 

002268 
002262 

002257 

002252 

48s 
486 

487 
488 
489 

002062 
002058 
002053 
002049 
002045 

355 

002817 

400 

.002500 

445 

002247 

490 

002041 

356 

002809 

,0, 

.002494 

446 

002242 

491 

002037 

35' 

002801 

402 

.002488 

447 

002237 

492 

002033 

358 

002793 

403 

.002481 

448 

002232 

493 

002028 

359 

002786 

4=4 

.002475 

449 

002227 

494 

002024 

360 
361 

002778 
002770 

S 

.002469 
.002463 

450 

451 
452 
453 

002217 

495 

496 

002016 

3'" 
363 

002762 
002755 

407 

.002457 

497 

408 

.002451 

002208 

498 

002008 

364 

002747 

409 

.002445 

454 

002203 

499 

002004 

367 
368 
369 

002740 
002732 
002725 
002717 
002710 

411 

414 

■002439 
■  002433 
.002427 
.002421 
.002415 

455 
456 

458 
459 

002198 
002193 
002188 

002183  , 

002179 

500 

501 
502 
503 
504 

001996 
001992 
00.988 
001984 

370 

002703 

4'S 

.002410 

460 

002174 

505 

001980 

371 

002695 

416 

.002407 

461 

002169 

506 

001976 

37' 

002688 

417 

.002398 

462 

002165 

507 

001971 

373 

002681 

418 

.002392 

463 

002160 

508 

001969 

374 

002674 

419 

.002387 

464 

002 155 

509 

001965 

f,l 

002667 
002660 

420 

.002381 

465 
466 

H:;B 

510 

001961 

377 

003653 

421 

.002375 

467 

SI" 

001957 

378 

002646 

432 

.002370 

468 

002137 

512 

O019S3 

379 

002639 

423 
424 

.002364 
.002358 

469 

002132 

5'3 

514 

001949 
001946 

380 

002632 

425 

■002353 

470 

002128 

515 

00194a 

38' 

0026^5 

426 

.002347 

471 

D02123 

S'6 

001938 

f 


RECIPROCALS  OF   NUMBERS. 


121 


Ka    '    Redprocal 


fill 
5« 

5*4 

526 

S«7 
528 

5*9 


.001934 
.001931 
.001927 

.001923 

.001919 

.001916 

.001912 

.001908 

.001905 

.001901 

.001898 

.001894 

.001890 

.001887 
.001883 
.001880 
.001876 
.001873 
.001869 
.001866 
.001862 
.001859 
.001855 

.001852 
.001848 
.001845 
.001842 
.001838 
.001835 
.001832 
.001828 
.001825 
.001821 

.001818 
.001815 
.001812 
.001808 
.001805 
.001802 
.001799 
.001795 
.001792 
.001789 

.001786 
.001783 


No. 


562 

565 
566 

568 

571 
572 

573 
574 
(  575 
i  576 
!  577 
i  578 
j  579 

580 

581 

582 

583 

584 

585 
586 

587 
588 

589 

590 

591 
592 
593 
594 
595 
596 
597 
598 

599 

600 
601 
602 
603 
604 
605 
606 


RedprocaL 


.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

.00 
.00 
.00 
.00 
.00 
.00 
.00 


79 
76 

73 

70 

67 
64 
61 

57 

54 

51 
48 

45 
42 

39 
36 

33 

30 
27 

24 
21 

18 

15 
12 

09 

06 

04 

01 

698 

695 
692 

689 

686 

684 

681 

678 

675 
672 

669 

667 
664 
661 
658 
656 

653 
650 


No. 


607 
608 
609 

610 

611 
612 
613 
614 

615 
616 

617 

618 

619 

620 

621 
622 
623 
624 
625 
626 
627 
628 
629 

630 

631 
632 

633 
634 

635 
636 

637 
638 

639 

640 

641 
642 

643 
644 

645 
646 

647 
648 

649 

650 

651 


ReciprocaL 


.001647 
.001645 
.001642 

.001639 
.001637 
.001634 
.001631 
.001629 
.001626 
.001623 
.001621 
.001618 
.001616 

.001613 
.001610 
.001608 
.001605 
.001603 
.001600 
.001597 
.001595 
.001592 
.001590 

.001587 
.001585 
.001582 
.001580 
.001577 

.001575 
.001572 

.001570 

.001567 

.001565 

.001563 
.001560 
.001558 

.001555 
.001553 
.001550 
.001548 
.001546 
.001543 
.001541 

.001538 
.001536 


No. 


ReciprocaL 


652 

653 

654 

655 
656 

657 
658 

659 

660 

661 
662 
663 
664 
665 

666 
667 
668 
669 

670 

671 
672 

673 
674 

675 
676 

677 

678 

679 

680 

681 
682 
683 
684 
685 
686 
687 
688 
689 

690 
691 
692 

693 
694 

695 
696 


.001534 
.001531 
.001529 
.001527 
.001524 
.001522 
.001520 
.001517 

.001515 
.001513 
.001511 
.001508 
.001506 
.001504 
.001502 
.001499 
.001497 
.001495 

.001493 
.001490 
.001488 
.001486 
.001484 
.001481 
.001479 
.001477 
.001475 
.001473 

.001471 
.001468 
.001466 
.001464 
.001462 
.001460 
.001458 
.001456 
.001453 
.001451 

.001449 
.001447 
.001445 
.001443 
.001441 
.001439 
.001437 


MATHEMATICAL  TABLES. 


Ko. 

!t«iptoc>L 

No. 

^p^L 

Na. 

i«q«»i. 

K. 

^ 

697 

001435 

74a 

001348 

787 

001171 

832 

0012J 

698 

001433 

743 

001346 

788 

001269 

833 

OOIM 

699 

001 43 I 

744 

001344 

789 

001267 

834 

001 M 

745 

001342 

835 

001 19 

700 

001429 

746 

001340 

790 

001266 

836 

OOIlS 

701 

001427 

747 

001339 

791 

001264 

837 

OOIl9 

701 

001425 

748 

001337 

792 

001263 

838 

001 13 

703 

001422 

749 

001335 

793 

001261 

839 

OOIl3 

704 

001420 

794 

001259 

705 

OOI418 

750 

001333 

795 

001258 

840 

OOIIM 

706 

001416 

75  » 

001332 

796 

001256 

84. 

ooiiH 

707 

001414 

75a 

001330 

797 

001255 

842 

001  ill 

708 

001412 

753 

OOZ328 

798 

001253 

843 

OOJilfl 

709 

OOI4IO 

7S4 

001326 

799 

001251 

844 

001  iM 

710 
711 

7ia 
713 

714 

001408 
001406 
001404 
001403 

00 I 401 

755 
756 

"2 
758 
759 

001325 
001323 
001321 
001319 
001318 

800 

801 
802 
803 
804 

001250 
001248 
001247 
00II4S 
001244 

84s 
8,6 
847 
848 
849 

ootinl 
001 1^ 

ooiijg 

7"5 

001399 

760 

001316 

l°i 

001242 

850 

001 1^49 

716 

001397 

761 

001314 

806 

001241 

851 

ooiiTd| 

717 

00139s 

762 

001312 

807 

001 239 

852 

ooit«4 

718 

OOI393 

763 

001311 

808 

001238 

853 

00117*^ 

719 

001391 

764 

001309 

809 

001236 

8M 

ooiiTrl 

720 

001389 

001387 

III 

001307 
001305 

81D 

811 

001235 

001233 

P 

s;:s 

7aa 
7»3 

00138s 
001383 
001381 

III 

001304 
001302 

812 

001232 
001230 
001229 

11 

001167 
001  itf 

,69 

001300 

859 

001164, 

7»5 
7J6 

727 

001379 

001377 
001376 

770 

77' 
77* 

001299 
001297 
001295 

III 

817 

001227 
001225 
001224 

860 
861 
862 

001 163: 

001 i6t 
00116a 

718 
729 

001374 
001372 

773 
774 

001294 
001292 

818 

00I221 

863 
864 

OOI1S9 
OOIIS7 

730 

001370 

775 

001290 

820 

ooiaao 

865 

001156 

731 

001368 

77' 

001289 

821 

OOI2I8 

866 

001155 

73* 

001366 

777 

001287 

822 

001J17 

867 

001153 

733 

001364 

778 

001285 

823 

868 

001152 

734 

001362 

779 

001284 

824 

001214 

869 

001151 

735 
736 

001361 
001359 
001357 
00135s 

780 

001282 

8*5 
826 

Z'll" 

870 

001149 

737 
738 

? 

001280 

OOI279 

827 

828 

001209 
00120S 

871 

872 

001 147 

739 

001353 

783 
784 

OOI277 
001276 

829 

001206 

873 
874 

001145 
001144 

740 

001351 

785 

001274 

830 

00120S 

87s 

001 143 

741 

001350  1 

786 

00127a 

831 

001203 

876 

00114a 

REOrROCALS  OF  NUMBERS. 
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H«. 

ii«ip™j. 

No. 

HwipwaL 

No. 

tt«ip™=i. 

.001140 

90S 

OOIIOI 

939 

00.065 

970 

00103. 

.001139 
.001138 

909 
910 

001099 

940 
941 

00.064 
001063 

97> 
973 
973 
974 
97S 
976 
977 
978 

001030 
00.029 

.001 136 

911 

00.098 

94a 

001062 

iiS 

.001135 

913 

001096 

943 

00.060 

.001134 

913 

001095 

944 

00.059 

OOI022 

•<»"33 

914 

001094 

945 

001058 

.001131 

91s 

001093 

946 

001057 

.001130 

916 

001092 

947 

00.056 

979 

.001 1 J9 

917 

001091 

948 

00.055 

.001117 

9.8 

001089 

949 

001054 

980 

oo.ozo 

.001136 

919 

OOI038 

981 

950 

00.053 

983 

00.0.8 

0010S7 

951 

00105a 

983 
984 
985 
986 
987 
988 
989 

.001 124 

921 

001086 

952 

00.050 

.001  132 

912 

001085 

953 

00.049 

.OOII3I 

9»3 

001083 

954 

00.048 

ooroii 

.001110 

924 

001082 

955 

00.047 

^|°|3 

.001119 

915 

001081 

956 

00.046 

.001118 

926 

001080 

957 

00 I 04s 

00.011    i 

.001116 

927 

9S8 

00.044 

.001115 

928 

001078 

959 

001043 

990 

ooto.o 

.001114 

929 

001076 

960 

991 

00.009 

.OOI1I3 

00.041 

993 

00.008 

930 

001075 

961 

OOIO4I 

993 
994 

.001111 

931 

001074 

963 

001040 

00.006    > 

.001 1  to 

931 

001073 

963 

00.038 

001005 

.001109 

933 

001072 

964 

001037 

.001107 

934 

001071 

96s 

001036 

997 
998 
999 

00.003  : 

.001106 

935 

001070 

966 

001035 

.001105 

936 

00106S 

967 

001034 

OOIOOI 

.001104 

937 

001067 

968 

001033 

.001 103 

938 

001066 

969 

001031 

1000 

00.000 
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WATER  AND  AIR  AS  STANDARDS  FOR  WEIGHT  AND  MEASl 


WATER  AS  A  STANDARD. 

There  are  four  notable  temperatures  for  water,  namely, 

32°  R,  or      0°  C.-  =  the  freezing  point,  under  one  atmosphere. 

39°.  I     or      4°  =  the  point  of  maximum  density. 

62°       or    1 6°.  66  =  the  British  standard  temperature. 

212^       or  100''  »  the  boiling  point,  under  one  atmosphere. 

The  temperature  62°  F.  is  the  temperature  of  water  used  in  cal< 
the  specific  gravity  of  bodies,  with  respect  to  the  gravity  or  density 
water  as  a  basis,  or  as  unity.     In  France,  the  temperature  of  maxii 
density,  39°.  i  F.,  or  4®  C,  is  used  for  this  purpose,  for  solids.  . 

Weight  of  one  cubic  foot  of  Pure  Water, 

At  32®  F.  =-  62.418  pounds. 

At  39°.  I  =  62.425       „ 

At  62°      (Standard  temperature)  =  62.355      >» 
At  212®  =  59.640 


>> 


The  weight  of  a  cubic  foot  of  water  is,  it  may  be  added,  about  1000 
ounces  (exactly  998.8  ounces),  at  the  temperature  of  maximum  density. 

The  weight  of  water  is  usually  taken  in  round  numbers,  for  ordinary 
calculations,  at  62.4  lbs.  per  cubic  foot,  which  is  the  weight  at  52^.3  F.;  or 
it  is  taken  at  62^  lbs.  per  cubic  foot,  where  precision  is  not  required,  equal 
to  ^^<»  lbs. 

The  weight  of  a  cylindrical  foot  of  water  at  62°  F.  is  48.973  pounds. 

Weight  of  one  cubic  inch  of  Pure  Water. 

At  32®  F.  =  .03612  pounds,  or  0.5779  ounce. 

At39°.i  =.036125     „        ,,0.5780     „ 

At  62*  =.03608       „        ,,0.5773      „       or  252.595  grains. 

At  212*  =  .03451       „        „  0.5522      „ 

The  weight  of  one  cylindrical  inch  of  pure  water  at  62®  F.  is  .02833 
pound,  or  0.4533  ounce. 
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Volume  of  one  pound  of  Pure  Water, 

At  32*  F.  «  .016021  cubic  foot,  or  27.684  cubic  inches. 

At39®.i  =  .016019         i>  »  27.680  „ 

At  62**  =  .016037         „  „  27.712  „ 

At  212*  =  .016770         „  „  28.978  „ 

The  volume  of  one  ounce  of  pure  water  at  62*  F.  is  1.732  cubic  inches. 

The  Gullon. 

rhc  weight  of  one  gallon  of  water  at  the  standard  temperature,  62*  F., 

0  pounds,  and  the  correct  volume  is  0.160372  cubic  foot,  or  277.123 

fie  inches.     But  in  an  Act  of  Parliament,  now  partly  repealed,  which 

le  into  force  in  1825,  the  volume  of  one  gallon  is  stated  to  be  277.274 

ic  inches;  this  is  the  commonly  accepted  volume.    See  page  339. 

"he  volume  of  10  pounds  of  water  at  62**  F.  is,  therefore,  to  the  volume 

le  imperial  gallon,  as  i  to  1.000545. 

nd,  the  weight  of  an  imperial  gallon  of  water  at  62^  F.  is  10.00545 

ads  avoirdupois;  or  10  pounds^  3^*i5  grains. 

nc  cubic  foot  of  water  contains  6.23^5  gallons,  or  approximately  (i% 

ID&    One  gallon  is  equal  to  .1604  cubic  foot 

he  volume  of  water  at  62*  F.,  in  cubic  inches,  multiplied  by  .00036, 

s  the  capacity  in  gallons. 

he  capacity  of  one  gallon  is  equal  to  one  square  foot,  two  inches  deep 

I7  (exactly  1.924  inches);  or  to  one  circular  foot,  2^  inches  deep 

[y  (exactly  2.45  inches). 

oe  ton  of  water  at  62''  F.  contains  224  gallons. 

Other  Measures  of  Water. 

3lume  of  given  weights  of  water,  at  62.4  pounds  per  cubic  foot: — 

I  ton 35-9©  cubic  feet. 

I  cwt ^ i'795        >i 

I  quarter 449        „ 

,  r     .016  cubic  foot,  or 

I  poun   I  27.692  cubic  inches. 

I  ounce i'73i  n 


I  tonne,  at  39*.!  F 35-3156  cubic  feet. 

I  Idlogramme,  at  39'.!  F. |  fi/.o^fc^bk^'inc^^!"' 

I  tonne,  at  s*;.3  F.  )  ^bic  feet 

(62.4  pounds  per  cubic  foot)  J  ^-^  ^^ 

liirty-six  cubic  feet,  or  ij^  cubic  yards,  of  water,  at  62.4  pounds  per 

c  foot,  being  at  the  temperature  52^3  F.,  weigh  about  one  ton  (exactly 

x>unds  more). 

ttc  cubic  yard,  or  twenty-seven  cubic  feet,  of  water  weighs  about 

wt,  or  ^  ton  (exactly  4.8  pounds  more). 

oe  cubic  metre  of  water  is  equal  in  volume  to  35.3156  cubic  feet, 

.308  cubic  yard,  or  220.09  gallons;  and,  at  62.4  pounds  per  cubic  foot, 

Bjglis  J  ton  nearly  (exactly  j6,  J  pounds  less).     It  is  nearly  equwaletvl 


126  WEIGHTS  AND  MEASURES. 

to  the  old  English  tun  of  4  hogsheads — 210  imperial  gallons,  and 
better  unit  for  measuring  sewage  or  water-supply  than  the  gallon. 
The  cubic  metre  is  generally  used  on  the  Continent  for  such  measurefli 
A  pipe  one  yard  long  holds  about  as  many  pounds  of  water  as  the  If 
of  its  diameter  in  inches  (exactly  2  per  cent  more). 

Pressure  of  Water,  ^ 

A  pressure  of  one  lb.  per  square  inch  is  exerted  by  a  column  of  1 
2.3093  feet,  or  27.71  inches  high,  at  62**  F.;  and  a  pressure  of  one  IM| 
phere,  or  14.7  lbs.  per  square  inch,  is  exerted  by  a  column  oC  J 
33.947  feet  high,  or  10.347  metres,  at  62®  F. 

A  column  of  water  at  62°  F»,  one  foot  high,  presses  on  the  baaeij 
force  of  0.433  l^-)  or  6.928  ounces  per  square  inch.  A  column  zoq 
high  presses  with  a  force  of  43^  lbs.  per  square  inch.  A  coluini 
metre  high  presses  with  a  force  ol  1.422  lbs.  per  square  inch. 

A  column  of  water  one  inch  high,  presses  on  the  base  with  a  fi» 
0.5773  ounce  per  square  inch,  or  5.196  lbs.  per  square  foot 

A  column  of  water  one  mile  deep,  weighmg  62.4  pounds  per  cubic 
presses  on  the  base  with  a  force  of  about  one  ton  per  square  inch^ 
water  exactly  48  lbs.  more;  sea-water  exactly  107.5  lbs.  more). 

Water  is  hardly  compressible  under  pressure.  Experiment  aq;ipei 
show  that  for  each  atmosphere  of  pressure  it  is  condensed  47^  nuDii 
of  its  bulk. 

Sea-water, 

One  cubic  foot  of  average  sea->water,  at  62°  F.,  weighs  64  pounds 
the  weight  of  fresh  water  is  to  that  of  sea-water  as  39  to  40,  or  as  i  to  i 
Thirty-five  cubic  feet  of  sea-water  weighs  one  ton. 
One  cubic  yard  of  sea-water  weighs  15^  cwt  nearly  (8  lbs.  less). 
One  cubic  metre  of  sea-water  weighs  fully  one  ton  (20  lbs.  moie). 

Average  sea-water  is  composed  as  follows : — 

Per  100  parts.      Per  loo  psiti 

Chloride  of  sodium  (common  salt), 2.50 

Sulphuret  of  magnesium, 0.53 

Chloride  of  magnesium, 0.33 

Carbonate  of  lime,  ) 

Carbonate  of  magnesia,   / °-°' 

Sulphate  of  lime, o.oi 

Solid  matter,  say, 3.40 

Water, 96.60 

loaoo 

showing  that  sea-water  contains  ^th  part  of  its  weight  of  solid  mat 
solution. 

According  to  R^clus,  the  mean  specific  gravity  of  sea-water  is  1.028, 
the  Mediterranean  Sea,  it  is  1.029;  in  the  Black  Sea,  1.016.  The  * 
quantity  of  salts,  or  solid  matter,  in  solution,  is  3.44  per  cent,  three-fo 
of  which  is  common  salt  In  the  Red  Sea,  the  water  contains  4.3  per  ^ 
in  the  Baltic  Sea,  5  per  cent. ;  and  at  Cronstadt,  2  per  cent 
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la  and  Snow, 

f  cubic  foot  of  ice  at  32**  F.  weighs  57.50  lbs. 
pound  of  ice  at  32®  F.  has  a  volume  of  .0174  cubic  foot,  or  30.067 
niches. 

volume  of  water  at  32**  F.  is  to  that  of  ice  at  32°  F.,  as  i.ooo  to 
the  expansion  in  passing  into  the  solid  state  being  above  8^  per 
the  volume  of  water. 

pecific  density  of  ice  is  0.922,  that  of  water  at  62®  F.  being  =  i. 
nelting  point  of  ice  is  32°  F.,  or  o®  C,  under  the  ordinary  atmos- 
ressure,  of  14.7  lbs.  per  square  inch.     Under  greater  pressure  the 
point  is  lower,  being  at  the  rate  of  .0133**  F.  for  each  additional 
ere  of  pressure. 

>ecific  heat  of  ice  is  .504,  that  of  water  being  =  i. 
ubic  foot  of  fresh  snow  weighs  5.20  lbs.     Snow  has  12  times  the 
rater,  and  its  specific  gravity  is  .0833. 

French  and  English  Measures  of  Water, 

tre  of  water  is  equal  to  0.2201  gallon,  or  1.761  pints:  about 
L     One  gallon  is  equal  to  4.544  litres,  and  one  pint  is  .568  litre. 
tre  of  water  at  39°.  i  F.,  or  4°  C,  the  temperature  of  maximum 
weighs  one  kilogramme,  or  2.2046  lbs.;  at  the  temperature  62°  F., 
C,  it  weighs  2.202  lbs. 

itres  =  one  cubic  metre,  equal  to  35.3156  cubic  feet;  and,  at 
or  4''  C,  weigh  1000  kilogrammes,  or  one  ton  nearly  (35.4  lbs.  less). 

AIR  AS  A  STANDARD. 

lean  pressure  of  the  atmosphere  at  the  level  of  the  sea,  is  equal 
».  per  square  inch,  or  21 16.4  lbs.  per  square  foot;  or  to  1.0335 
mes  per  square  centimetre.     This  is  csdled  one  atmosphere  of 

The  following  are  measures  of  pressures  (see  also  pages  145, 158): — 
mosphere  of  pressure : — (i.)  A  column  of  air  at  32*  F.,  27,801  feet, 
5  J^  miles  high,  of  uniform  density,  equal  to  that  of  air  at  the  level 
L  (2.)  A  column  of  mercury  at  32®  F.,  29.922  inches  or  76  centi- 
gh;  nearly  30  inches.  At  62*  F.,  the  height  is  30  inches.  (3.)  A 
f  water  at  62°  F.,  33.947  feet  or  10.347  metres  high;  nearly  34  feet, 
sure  of  I  lb.  per  square  inch: — (i.)  A  column  of  air  at  32*  F., 

high,  of  uniform  density  as  above.  (2.)  A  column  of  mercury  at 
035  inches  or  51.7  millimetres  high.  At  62^  F.,  the  height  is  2.04 
(3.)  A  column  of  water  at  62*  F.,  2.31  feet  or  27.72  inches  high- 
sure  of  I  lb.  per  square  foot: — (i.)  A  column  of  air  at  32*  F.,  ij-i3 
,  of  uniform  density  as  above.  (2.)  A  column  of  mcrcuiy  at  32  F., 
h,  or  .359  millimetre  high.  At  62*"  F.,  the  height  is  .01417  inch. 
»hunn  of  water  at  62^  F.,  .1925  inch  hi^ 

ensity,  or  weight  of  one  cubic  foot  of  pure  air,  under  a  pressure 
tDosphere,  or  14.7  lbs.  per  square  inch,  is 

|2*  F.y     =     .060728  pound,  or  1.29  omicey  or  565.1  gsaim. 
S2*  F.,     =     .076097      ^       „  I.1I7    ,,     ^   532.7      ^ 

dgfat  of  a  litre  of  pure  air,  under  one  atmosidbere,  at  32*  F.,  is 
nmiesy  or  19.955  grains 
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The  weight  of  air,  compared  with  that  of  water  at  three  notable  tenx; 
tures,  and  at  52°.3,  under  one  atmosphere,  is  as  follows: — 


Weight  of  water  at 

32^  F., 

773.2  times  the 

weight  of  air  at  32* 

>i              >» 

39^1, 

77327 

99 

»                » 

>9                           l> 

62^ 

772.4 

» 

w                            »» 

n                  i> 

62% 

819.4 

» 

62'. 

>>                  >> 

52^3, 

820 

»> 

>»                                 » 

The  volume  of  one  pound  of  air  at  32®  F.,  and  under  one  atmosph 
pressure,  is  12.387  cubic  feet    The  volume  at  62°  F.,  is  13. 141  cubic 

The  specific  heat  of  air  at  constant  pressure  is  .2377,  and  at  co 
volume  .1688,  that  of  water  being  =  i. 


GREAT  BRITAIN  AND    IRELAND.— IMPERIAL  WEIGHTS 

AND    MEASURES. 

The  origin  of  English  measures  is  the  grain  of  com.     Thirty-two 
of  wheat,  dried  and  gathered  from  the  middle  of  the  ear,  weighed  what 
called  one  pennyweight;   20  pennyweights  were  called  one  ounce, 
20  ounces  one  pound.     Subsequently,  the  pennyweight  was  divided 
24  grains.    Troy  weight  was  afterwards  introduced  by  William  the  Conqu< 
from  Troyes,  in  France;  but  it  gave  dissatisfaction,  as  the  troy  pound 
not  weigh  so  much  as  the  pound  then  in  use;  consequently,  a  mean 
was  established,  making  16  ounces  equal  to  one  pound,  and  called  a^ 
dupois  {avoir  du  poids). 

Three  grains  of  barleycorn,  well-dried,  placed  end  to  end,  made  an  ind^ 
— the  basis  of  length.     The  length  of  the  arm  of  King  Henry  I.  was  mad^ 
the  length  of  the  ulna^  or  ell,  which  answers  to  the  modem  yard    11»1 
imperial  standard  yard  is  a  solid  square  bar  of  gun-metal,  kept  in  thci^ 
office  of  the  Exchequer  at  Westminster,  38  inches  in  length,  i  inch  squai^j 
at  the  temperature  62°  F.,  composed  of  copper  16  ounces,  tin  2ji  oimcdi' 
and  zinc  i  ounce.     Two  cylindrical  holes  are  drilled  half  through  the  bar,) 
one  near  each  end,  and  the  centres  of  these  holes  are  36  inches,  or  3  feet^ ; 
apart — the  length  of  the  imperial  standard  yard.     Compared  with  a  pendih 
lum  vibrating  seconds  of  mean  time,  at  the  level  of  the  sea,  in  the  latitude ; 
of  London,  in  a  vacuum,  the  yard  is  as  36  inches  in  length  to  39.1393 
inches,  the  length  of  the  pendulum. 

Measures  of  capacity  were  based  on  troy  weight;  it  was  enacted  that 
8  pounds  troy  of  wheat,  from  the  middle  of  the  ear,  well  dried,  should 
malce  i  gallon  of  wine  measure,  and  that  8  such  gallons  sho^d  make 
I  bushel 

The  imperial  gallon  is  now  the  only  standard  measure  of  capacity,  and  h 
contains  277.274  cubic  inches.  It  is  said  to  be  the  volume  of  10  pounds 
avoirdupois  of  distilled  water,  weighed  in  air,  at  62®  F. 

Note, — The  exact  volume  of  10  pounds  of  distilled  water  at  6a*  F.  is 
277.123  cubic  inches. 


GREAT  BRITAIN  AND  IRELAND.— LENGTH. 

Tables  of  weights  and  measures  are  conveniently  classified  thus — 
I.  Length;  2.  Surface;  3.  Volume;  4.  Capacity;  5.  Weight 

The  following  are  some  of  the  principal  units  of  measurement: — 

The  acrcj  for  land  measure. 

The  mile,  for  itinerary  measure. 

The  yardj  for  measure  of  drapery,  &c 

The  coomb,  for  capacity  of  com,  &c. 

The  gcUion,  for  capacity  of  liquids. 

TTie  grain,  for  chemical  analysis. 

Th^  pound,  for  grocers'  ware,  &c 

The  stone  of  8  pounds,  for  butchers'  meat 

The  stone  of  14  pounds,  for  flour,  oatmeal,  &c 

I.   Measures  of  Length. — Tables  No.  12. 
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Lineal  Measure, 

3  barleycorns,  or  \ 

12  lines,  or  (  .     , 

.   '  > I  mch. 

72  pomts,  or  C 

1000  mils  / 

3  inches i  palm. 

4  inches i  hand. 

9  inches i  span. 

12  inches i  foot 

18  inches i  cubit 

3  feet I  yard. 

2j^  feet I  military  pace. 

5  feet I  geometrical  pace. 

2  yards i  fathom. 

5^  yards i  rod,  pole,  or  perch. 

.s^") >'«'»■* 

8  furlongs,  or  \ 

1760  yards,  or      > i  mile. 

5280  feet  j 

3  miles I  league. 

«4o  yards,  or  )  j^  j^     y 

1.272  miles       j 

The  inch  is  also  divided  into  halves,  quarters,  eighths,  and  sixteenths; 

w***!"^*  into  tenths. 

Tbe  Aand  b  used  as  a  measure  of  the  height  of  horses. 

The  military  pace  is  the  length  of  the  ordinary  step  of  a  man. 

The  geom^rical  pace  is  the  length  of  two  steps.     A  thousand  of  tucfa 

were  reckoned  to  a  mile. 
The  fathom  is  used  in  soundings  to  ascertain  depths,  and  for  measuring 
and  chains. 

9 


130  WEIGHTS  AND   MEASURES. 

Land  Measure, 

7.92  inches  i  linL 

100  links,  or    \ 

^^^^Y^     \ I  chain. 

22  yards,  or  ( 

4  poles        ) 

10  chains i  furlong. 

80  chains,  or  )  ^  ^., 

8  furlongs     | '  "'^^ 

The  fen^  or  woodland  pole  or  perch,  is  18  feet 
Tht  forest  pole  is  21  feet 

Nautical  Measure. 


6086.44  feet,  or  \ 

1000  fathoms,  or     f  f   i  nautical  mile, 

10  cables,  or        j  (  or  knot 

1. 1 5 28  statute  miles  ) 

3  nautical  miles i  league. 

60  nautical  miles,  or  \ 

69.168  statute  miles  or    >  i  degree. 

20  leagues  I 

i  Circumference 

360  degrees <  of  the  earth  at 

( the  equator. 

The  above  value  of  the  nautical  mile  is  that  which  is  commonly  taken, 
and  is  the  length  of  a  minute  of  longitude  at  the  equator.  The  mean 
length  of  a  minute  of  latitude  at  the  mean  level  of  the  sea  is  nearly  6076 
feet,  or  1.1508  statute  miles. 

The  nautical  fathom  is  the  thousandth  part  of  a  nautical  mile,  and  is,  on 
an  average,  about  ^th  longer  than  the  common  fathom. 

Cloth  Measure, 

2j^  inches •. % i  nail. 

2  nails I  finger-length. 

4  nails,  or  9  inches i  quarter. 

4  quarters i  yard. 

5  quarters i  elL 

Wire-Gauges. 

The  "  Birmingham  Wire-Gauge  "  is  a  scale  of  notches  in  the  edge  of  a 
plate,  of  successively  increasing  or  decreasing  widths,  to  designate  a  set  of 
arbitrary  sizes  or  diameters  of  wire,  ranging  firom  about  half  an  inch  down  to 
the  smallest  size  easily  drawn,  say,  four-thousands  of  an  inch.  The  practical 
utility  of  such  a  gauge  is  obvious,  when  it  is  considered  how  far  beyond  the 
means  supplied  by  the  graduations  of  an  ordinary  scale  of  feet  and  inches 
is  the  measurement  of  the  gradations  of  the  wire-gauge.  But  the  "  Birming- 
ham Wire-Gauge"  is  a  variable  measure.  The  principle,  if  there  was  any, 
on  which  it  was  originally  constructed,  is  not  known.  Mr.  Latimer  Clark 
states  that,  when  plotted,  the  widths  of  the  gauge  range  in  a  curve  approxi- 
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vatiDg  to  a  logarithmic  curve,  such  as  would  be  found  by  the  successive 

addition  of  10  or  12  per  cent  to  the  width  of  the  notches  of  the  gauge. 

However  that  may  be,  there  are  many  varieties  of  the  wire-gauge  in  existence. 

The  oldest  and  best-known  gauge  is  that  of  which  the  numbers  were  care- 

fiilly  measured  by  Mr.  Holtzapffel,  and  published  by  him  in  1847.     ^^  ^^ 

beoi,  and  still  is,  widely  followed  in  the  manufacture  of  wire;  and  also  of 

tubes  in  respect  of  their  thickness.    It  gives  40  measurements  ranging  from 

454  inch  to  .004  inch,  and  is  contained  in  Table  No.  13.     AlUiough 

tbere  are  only  40  marks  in  the  table,  there  are  60  different  sizes  of  wire 

made,  for  which  intermediate  sizes  have  been  added  to  the  gauge.     This 

table  has  also   been  used  in  rolling  sheet  iron,  sheet  steel,  and  other 

materials,  and  for  joiners'  screws;  but  it  appears  to  be  falling  into  disuse 

far  these  purposes. 

Birmingham  Wire-Gauge  (jFIoltzapffePs), — Table  No.  13. 
For  Wire  and  Tubes  chiefly;  and  for  Sheet  Iron  and  Steel  formerly. 


Uaik. 

Sixe. 

Mark. 

Size. 

Mark. 

Size. 

Mark. 

Size. 

Na 

Inch. 

No. 

Inch. 

No. 

Inch. 

No. 

Inch. 

0000 

.454 

7 

.180 

17 

.058 

27 

.016 

000 

.425 

8 

.165 

18 

.049 

28 

.014 

00 

.380 

9 

.148 

19 

.042 

29 

.013 

0 

.340 

10 

.134 

20 

.035 

30 

.012 

I 

.300 

II 

.120 

21 

.032 

31 

.010 

2 

.284 

12 

.109 

22 

.028 

32 

.009 

3 

-259 

13 

.095 

23 

.025 

33 

.008 

4 

.233 

14 

.083 

24 

.022 

34 

.007 

5 

.220 

15 

.072 

25 

.020 

35 

.005 

6 

.203 

16 

.065 

26 

.018 

36 

.004 

Birmingham  Metai^Gauge,  or  Plate-Gauge  (HoltzapffePs),- 

Table  No.  14. 

For  Sheet  Metals,  Brass,  Gold,  Silver,  &c. 


Mark. 

Size. 

Mark. 

Size. 

Mark. 

Size. 

Mark. 

Size. 

Na 

Inch. 

No. 

Inch. 

No. 

Inch. 

No. 

Inch. 

I 

.004 

10 

.024 

19 

.064 

28 

.120 

2 

.005 

II 

.029 

20 

.067 

29 

.124 

3 

.008 

12 

.034 

21 

.072 

30 

.126 

4 

.010 

13 

.036 

22 

.074 

31 

'-'^33 

5 

.012 

14 

.041 

23 

.077 

32 

.143 

6 

.013 

15 

.047 

24 

.082 

33 

.145 

7 

.015 

16 

•051 

25 

.095 

34 

.148 

8 

.016 

17 

.057 

26 

.103 

35 

.158 

9 

.019 

18 

.061 

27 

-113 

36 

.167 

Another  of  Holtzapffers  tables.  No.  14,  the  Plate-Gauge,  has  been,  and 
HEf  DOW,  to  some  extent^  be^  employed  for  most  of  the  sheet  metals,  except- 
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Lancashire  Gauge  (HoUzapffePs), — ^Table  No.  15. 
For  Round  Steel  Wire,  and  for  Pinion  Wire. 


rt. 


Mark. 
No. 

Si2e. 

Mark. 
No. 

Size. 

Mark. 

Sue. 

Mark. 
No. 

Size. 

Mark. 

Inch. 

Inch. 

No. 

Inch. 

Inch. 

No. 

Indk 

80 

.013 

57 

.042 

34 

.109 

II 

.189 

M 

•29s 

79 

.014 

56 

.044 

33 

.III 

10 

.190 

N 

.301 

78 

.015 

55 

.050 

32 

."5 

9 

.191 

0 

.316 

77 

.016 

54 

.055 

31 

.118 

8 

.192 

P 

•323   1 

76 

.018 

53 

.058 

30 

"5 

7 

.195 

Q 

•33a  * 

75 

.019 

52 

.060 

29 

.134 

6 

.198 

R 

•339  1 

74 

.022 

51 

.064 

28 

.138 

5 

.201 

S 

.34«- 

73 

.023 

50 

.067 

27 

.141 

4 

.204 

T 

.353 

72 

.024 

49 

.070 

26 

.143 

3 

.209 

U 

.368 

71 

.026 

48 

.073 

25 

.146 

2 

.219 

V 

.377 

70 

.027 

47 

.076 

24 

.148 

I 

.227 

W 

.386 

69 

.029 

46 

.078 

23 

.150 

A 

.234 

X 

.397 

68 

.030 

45 

.080 

22 

.152 

B 

.238 

Y 

.404 

67 

•031 

44 

.084 

21 

•157 

C 

.242 

Z 

.413 

66 

.032 

43 

.086 

20 

.160 

D 

.246 

Ai 

.420 

65 

^^IZ 

42 

.091 

19 

.164 

E 

.250 

Bi 

.431 

64 

•034 

41 

.095 

18 

.167 

F 

.257 

Ci 

.443 

63 

•035 

40 

.096 

17 

.169 

G 

.261 

Di 

.452 

62 

.036 

39 

.098 

16 

.174 

H 

.266 

Ei 

.462 

61 

.038 

38 

.100 

15 

.175 

I 

.272 

Fi 

.475 

60 

.039 

37 

.102 

14 

.177 

J 

.277 

Gi 

.484 

59 

.040 

36 

•105 

13 

.180 

K 

.281 

Hi 

.494 

58 

.041 

35 

.107 

12 

.185 

L 

.290 

ing  iron  and  steel :  as  copper,  brass,  gilding-metal,  gold,  silver,  and  platinum. 
The  intervals  are  closer  or  smaller  than  those  of  the  wire-gauge,  and  the 
maximum  size,  for  No.  36,  is  '/e  inch.  When  thicker  sheets  are  wanted, 
their  measures  are  sought  in  the  Birmingham  wire-gauge. 

The  last  table,  No.  15,  by  Holtzapffel,  the  Lancashire  Gauge,  is  employed 
exclusively  for  the  bright  steel  wire  prepared  in  Lancashire,  and  the  sted 
pinion-wire  for  watch  and  clock  makers.  The  larger  sizes  are  marked  by 
capital  letters,  to  distinguish  them  from  the  others.  This,  the  second  part 
of  the  table,  is  known  as  the  Letter-Gauge, 

Needle- Gauge,  for  needle  wire.  The  sizes  correspond  with  some  of  those 
of  the  Holtzapffel  wire-gauge.  The  following  are  the  relative  marks  foi 
equal  sizes  on  the  two  gauges: — 

Needle  wire -gauge — Nos.  i,        2,    2j^,    3,    4,    5,  thence  to  21, 
corresponding  to  B.  W.-G. — 18 J^,  19,  19 j4,  20,  21,  22,  thence  to  38. 

Music  Wire-gauge,  for  the  strings  of  pianofortes.  The  marks  used  are 
Nos.  6  to  20.  The  following  are  the  relative  marks  for  equal  sizes  with  the 
Holtzapffel  wire-gauge : — 

Music  wire-gauge — Nos.  6,  7,  8,  9,  10,  11,  12,  14,  16,  18,  20, 
corresponding  to  B.  W.-G. — 26,  25^,  25,  24^^,  24,  23}^,  23,  22,  21,  20,  19. 
No.  6,  the  thinnest  wire  now  used,  measures  about  one  fifty- fifth  of  an  inch 
in  diameter,  and  No.  20  about  one  twenty-fifth  of  an  inch. 
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T. 

(  rrectiiing  Tables  of  Gauges  havt 

been  extract 

'il  fr. 

m  HoItwpffd-5 

tKinii-.c  won;  on  Turmng and Mixhanifol Maniptiialicn,  1S47. 

Mdiiri.  Rviaods  Brothers,  of  Wamngton,  manuiacture  iron  wire  accord- 

ng  to  the  gauge  in  Table  No.  16. 

W.iuis;cTON  Wire-Gauge  (Rylands  Brothen). — Table  No.  16. 

UL 

Sic      I  M.A.  .          SL=.          1    Mok.    1          SiK 

Muk. 

SiK. 

KA 

iKiL 

No. 

IkJu                 No. 

tA- 

1/2 

-326                  8 

•159 

»s 

.069 

6/b 

'V.U 

■300                 9 

.146 

lb 

.0625,  orV.s 

Mo 

7;  I* 

.874               to 

•133 

17 

■053 

4A. 

U3a 

.as,  or  >^       io>4 

.125.  or  >^ 

r8 

.047 

1^ 

,v» 

.319                    " 

.117 

i<) 

.041 

1/0 

",'3» 

5 

.209                12 

.10,  or 'Ac 

.036 

.191                13 

.090 

■03'5.  or'/j. 

' 

7 

.174                14 

.079 

22 

.028 

For  sheets,  the  wire-gauge  that  seems  to  be  adhered  to  by  the  iron-sheet 
tollEis  of  South  Staffordshire,  is  a  scale  comprising  32  measurements,  ranging 
J125  inch  to  .0125  inch,  contained  in  Table  No.  17. 

Birmingham  Wire-Gauge. — Table  No.  17. 
For  Iron  Sheets  chiefly. 


S..              5i~. 

No. 

£ue. 

No. 

Si^ 

No. 

Sin. 

iKh. 

1Mb. 

l«i. 

Inch. 

•     -S^SiV.e) 

9 

.15625 

17 

■05625 

as 

■02344 

.28.25     , 

..40625 

18 

■05   {'/«) 

z6 

.021875 

■^5       (K) 

II 

."5     (^) 

19 

■0437s 

27 

.020312 

■234375 

12 

.1125 

20 

■0375 

.0.875 

.2,875 

1,1 

•'O       ('/") 

ZI 

■034375 

29 

.01719 

■20312s 

14 

.087s 

22 

■  o3'25CA0 

10 

.015625 

■i«75(-*A«) 

i-! 

■075 

=  ,1 

.028125 

3' 

.0.406 

' 

.17.875 

16 

.0625  ('/,() 

24 

■025    CW 

3J 

■01*5   C/So) 

Sr  Joseph  Whitworth,  in  1857,  introduced  his  Sundard  Wire-Gauge, 
nnging  from  a  half  inch  to  a  thousandth  of  an  inch,  and  comprising  62 
measurements,  as  given  in  Table  No.  18.  It  commences  with  the 
smallest  size,  and  increases  by  thousandths  of  an  inch  up  to  half  an  inch. 
The  smallest  size,  'ji^iaAi  of  an  inch,  is  No.  i ;  No.  2  is  '/„»oths  of  an  inch, 
and  so  on,  increasing  tip  to  No.  20  by  intervals  of  '/,oootb  of  an  inch;  from 
Na  ao  to  No,  40  l^  VioDoths;  from  No.  40  to  No.  100  by  '/.tooths  of  an 
inch.  The  sizes  are  designated  or  marked  by  their  respective  numbers  in 
tfaoQsandths  of  ao  inch. 

It  appears  that  the  Whitworth  Gauge  is  entering  into  general  use;  and, 
in  the  manufacture  of  wire,  at  least,  this  and  Rylands'  gauge  are  likely  soon 
to  capencde  the  Holtzapffel  scale. 
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Sir  Joseph  Whitwortb  &  Co.'s  Standard  Wire-Gauge. — ^Table  N 


Muk. 

s^ 

UtA. 

Sin. 

M«. 

s«. 

M^ 

Si 

No. 

I 

iDCh. 

No. 
17 

Inch. 
.017 

No. 

55 

Inch. 
055 

No. 

iK 

2 

ooz 

18 

.oiS 

3  20 

32< 

3 

00,1 

19 

.019 

65 

o6,s 

340 

341 

4 

.O30 

70 

070 

360 

36c 

S 

00  s 

12 

.033 

75 

07'? 

280 

380 

6 

006 

"4 

80 

080 

7 

007 

36 

.026 

85 

08s 

325 

325 

008 

38 

-oaS 

90 

090 

350 

350 

9 

009 

30 

.030 

95 

095 

375 

375 

10 

010 

3a 

.033 

100 

100 

400 

400 

II 

on 

34 

.034 

no 

no 

4^5 

4*5 

13 

Ot3 

.16 

.036 

1 30 

130 

450 

4S0 

13 

013 

.■58 

.038 

•35 

1.15 

475 

475 

14 

014 

40 

.040 

150 

ISO 

500 

SOO 

»s 

ois 

45 

.045 

165 

I6S 

016 

5° 

.050 

180 

180 

Inch  and  Holtzapffel's  Wire-Gauge.— 
Table  No.  19. 


FrMioD. 

Wm.O™g<. 

Fndion. 

Win>GiUB=. 

Fbcuoo. 

WIi^^Guilt 

Inch. 

No, 

ImK 

No. 

Inch. 

No. 

Vs 

ofull 

•In 

20  rather  full 

Vfi. 

27 

■A 

3  bare 

'iL 

20 

'l^ 

2  7  rather  bare 

■■i 

6  bare 

•In 

20  rather  bare 

'ItA 

27  bare 

8 

•ll 

21  rather  full 

'/^ 

28  full 

', 

9bare 

'A. 

21 

'It- 

28  rather  full 

•h 

II  fuU 

■/« 

21  rather  bare 

'h. 

28 

■/. 

13  full 

'A. 

21  bare 

■/« 

28  bare 

■/.. 

13  Ml 

■/» 

22  full 

'/jfi 

29  rather  full 

v.. 

13  bare 

■A. 

33  rather  full 

-/?» 

29 

■/,. 

14 

■/x 

32 

'/«o 

29  bare 

'A, 

14  bare 

■A, 

33  bare 

'A, 

30  rather  full 

v., 

IS  rather  bare 

v< 

33  full 

■/^ 

30  bare 

■/., 

'/» 

23  rather  full 

'/« 

31  rather  fall 

■/.« 

16  bare 

v.. 

23 

;/! 

31 

•A, 

17  full 

v.. 

23  bare 

3» 

If 

>,bare 

■/„ 

24  full 

■a" 

33  full 

18  full 

v.. 

S4 

'Aj^ 

33  bi»re 

■ '/» 

18  rather  full 

'A. 

35  full 

Vw 

34 

■A. 

18  rather  bare 

■/» 

'S 

■As* 

34  rather  bare 

■/» 

18  bare 

■A. 

25  bare 

V.iSo 

34  bare 

■A. 

19  rather  full 

vL 

26  rather  full 

35  full 

■/~ 

19 

'/,< 

25 

■fc 

35 

■A> 

19  bare 

:;i 

26  bare 

V.50 

36 

v.. 

zo  full 

27  full 
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CHES  AND  THEIR  EQUIVALENT  DECIMAL  VALUES  IN  PaRTS  OF  A  FoOT. 

—Table  No.  20. 


Inches. 

Fraction  of  foot 

Foot. 

• 

I 

Via 

08"?^ 

2 

x 

/  " 

:; 

^"«>o 

.1667 
25 

0 

4 

c 

14 

. ,.,  I 

.3333 
4167 

D 

6 

7 

/  X2 

"A 

7/„ 

......           t»fM.Vf 

•5 
c8^^ 

/ 

8 

0 

/  la 

3/. 

D^OO 

.6667 

7e 

y  .....  . 

10 

II 

/  4 

"/ 

/o 

•8333 

Q167 

12 

/  >a 

I 

I.O 

noNAL  Parts  of  an  Inch,  and  their  Decimal  Equivalents. 

Tables  No.  21. 


Eighths. 

Fractions. 

Inch. 

I 

1/- 

I2C 

2 

x 

■: 

3/0 

0 

.25 

-27^ 

0 

4 

c 

/o 

•A 

5/g 

0/0 

.5 
62c 

0 

6 

7 

/O 

7/g 

0 

•75 
87'; 

/ 

8 

/o 

I 

^  1  D 

1.0 

Twelfth. 

f. 

TwHftht 

Fractions. 

Inch. 

X  •  •  •  •     • 

2 

i/„ 

o8'?'?'i 

/  >a 

■A 
1/4 

^^000 

•125 
16667 

3 
4. 

/" 

\ 

•25 

5 

6 

V- 

00000 

.41667 
5 

7 
8 

/» 

a/ 

•58333 
66666 

9 
10 

/3  ••    ••• 

5/< 

.75 
8'?'?'?'i 

II 

i^ y 

/o 

;•'•• , 

^0000 

.91667 

1.0 

/                / 

/ 
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Sixteenths  and  Thirty-seconds, — Tables  No.  2 1  {continued). 


Thirty- 
Secoads. 


I 

2 

3 
4 

5 
6 

7 
8 

9 
10 

II 

12 

13 

14 

15 
16 

17 
18 

19 
20 

21 

22 

23 
24 

25 
26 

27 

28 

29 

30 
31 
32 


Sixteenths. 


I 

2 

3 
4 

5 
6 

7 
8 

9 
10 

II 

12 

13 
14 

15 
16 


Fractions. 


'A 

V3 

Vs 

V3 

V.6 

Vs. 

'A 
'A 

V.6 

"A 

V« 
'V3 

V.6 

-;- v: 

'Vsa 

»/.6 

"A ••• 

Vs 

21/ 

"As 

'V3 

V4 
'V3. 

-v.6 

'V3 

Vs 

^V3 

I 


Inch. 


.03125 
.0625 

.09375 
.125 

.15625 

.1875 
.21875 

.25 
.28125 

.3125 

.34375 

•375 
.40625 

.4375 
.46875 

.5 
.53125 

.5625 

.59375 
.625 

.65625 
.6875 

.71875 

.75 
.78125 

.8125 

.84375 

.875 
.90625 

.9375 

.96875 
i.o 


II.  Measures  of  Surface. — Tables  No.  22. 

Superficial  Measure. 

144  square  inches,  or   7  - 

183.35  circular  inches  j  '  square  foe 

9  square  feet i  square  yai 

100  square  feet i  square. 

27 2  J^  square  feet,  or  )  , 

30/4  square  yards     /  

The  square  is  used  in  measuring  flooring  and  roofing. 
The  rod  is  used  in  measuring  brick-work. 


Y  I  acre.* 
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Builder^  Measurement, 

I  superficial  part i  square  inch. 

12  parts "i  inch"  (12  square  inches). 

12  "inches" i  square  foot 

This  table  is  employed  in  the  superficial  or  flat  measure  of  boards,  glass, 
oe,  artificers'  work,  &c 

Land  Measure, 
9  square  feet i  square  yard. 

3»^«i-y-<i^ {'XoVpt^h. 

16  square  f)oles i  square  chain. 

40  square  poles,  or  1  ^^ 

I2I0  square  yards       J 
4  roods,  or 
10  square  chains,  or 
160  square  f)oles,  or 
4,840  square  yards,  or 
43,560  square  feet 
640  acres,  or  )  ., 

y.97,600  square  yards  }   i  square  mile. 

30  acres i  yard  of  land. 

100  acres i  hide  of  land. 

40  hides I  barony. 

*  The  side  of  a  square  having  an  area  of  one  acre  is  equal  to  69.57  lineal  yards. 


III.  Measures  of  Volume. — Tables  No.  24. 

Solid  or  Cubic  Measure, 

1728  cubic  inches  \ 

2200.15  cylindrical  inches  (  i  cubic  foot 

3300.23  spherical  inches     J 
6600.45  conical  inches       ) 

27  cubic  feet i  cubic  yard,  or  load. 

35.3156  cubic  feet  or  )  ^  ^^^  ^^^^ 

1.308    cubic  yards    / 

ife— The  numbers  of  cylindrical,  spherical,  and  conical  inches  in  a  cubic  foot,  are 
5.3. 

Builder^  Measurement, 

I  solid  part 12  cubic  inches. 

12  solid  parts i  "inch ''(144  cubic  inches). 

12  "inches" i  cubic  foot 

\  table  is  used  in  measuring  square-sided  timber,  stone,  &c. 
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Note. — The  cubic  contents  of  a  piece, 

6  inches  square  and  4  feet  long  is  i  cubic  foot 

7 

^% 

17 


Decimal  Parts  of  a  Square  Foot 

IN  Square  Inches. — Tat 

Hundredth 

Squ«, 

Hundredlli 

Square 

Hunilredlh 

Squiu. 

Hundredtl 

P«u. 

InchB. 

P«U- 

Incho. 

Pam. 

locho. 

Pira. 

I 

1.44 

z6 

37.4 

Sr 

73-4 

76 

3 

2.88 

37 

38.9 

5" 

74-9 

77 

4-3  » 

28 

40.3 

53 

76.3 

78 

5.76 

29 

41.8 

54 

77-8 

79 

7.20 

30 

43.* 

55 

79.2 

80 

8.64 

31 

44.6 

56 

80.6 

81 

10. 1 

32 

46.1 

57 

82. 1 

S2 

I'.S 

33 

47-S 

58 

83-5 

83 

13.0 

34 

49-0 

59 

8s-o 

84 

14.4 

35 

504 

60 

86.4 

85 

15-8 

36 

51-8 

61 

87.8 

86 

»7-3 

37 

53-3 

63 

89-3 

87 

18.7 

38 

54-7 

63 

90.7 

88 

39 

S6-2 

64 

92.2 

89 

3l!6 

40 

57-6 

H 

93-6 

90 

aj.o 

41 

5S.0 

66 

95-0 

91 

»+5 

42 

60.S 

67 

96.5 

92 

>S-9 

43 

61.9 

68 

97-9 

93 

17.4 

44 

63.4 

69 

99-4 

94 

z8.8 

45 

64,8 

70 

100.8 

95 

30.3 

46 

66.2 

71 

102.2 

96 

31-7 

47 

67.7 

72 

103-7 

97 

33' 

48 

69.1 

73 

105. 1 

98 

34.6 

49 

70.6 

74 

106,6 

99 

n 

36.0 

50 

71.0 

75 

108.0 

IV,  Measures  of  Capacity. — Tables  No.  25. 
Liquid  Measure. 

8.665  cubic  inches i  gill  orqi 

4  gills  (34.659  cubic  inches) i  pint. 

2  pints I  quarL 

3  quarts i  pottle; 

4  quarts,  or  8  pints  (277.274  cubic  inches).....  i  gallon. 

6.1355  gallons I  cubic  fo( 

The  barn-gallon,  for  milk,  is  equal  to  3  imperial  gallons. 
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rpbts I  quart 

4qTUUts I  gallon. 

2^ons I  peck. 

8^s°'}  (i«8366  cubic  feet) i  bushel 

2  bushels I  strike. 

4bushels i  cxx>mb. 

5  bushels I  sacL 

8  bushels i  quarter. 

4  quarters  (41.077  cubic  feet) i  chaldron. 

5quarters i  wey  or  load. 

2  k)ads I  last 

Hie  standard  bushel  is  18^  inches  in  diameter  inside,  and  Sj^  inches 

»;  it  holds  80  pounds  of  distilled  water  at  62°  F.     It  is  19  J4  inches  in 

outside.     This  measiu-e  is  applied  to  dry  goods,  as  com,  seeds, 

&c,  which  are  struck  with  a  straight  bar.     The  old  dry  measures  had 

same  denominations  and  proportions,  and  were  96.95  per  cent  of  the 

Dry  Measures,  above  given. 
The  he^ied  imperial  bushel  must  be  an  upright  cylinder,  of  which  the 
is  not  less  than  twice  its  depth,  and  the  height  of  the  conical  heap 
be  at  least  three-fourths  of  the  depth  of  the  bushel,  the  outside  of  the 
lieasure  being  the  boundary  of  the  base  of  the  cone.  It  may  be  18.789 
jkhes  in  diameter  inside,  and  8  inches  deep;  and  the  capacity,  heaped, 
iiDst  be  1.6293  cubic  feet  Heaped  measure  is  used  for  such  goods  as 
fcnnot  be  conveniently  stricken,  as  coals,  potatoes,  and  fruit 

Coo/  and  Coke  Measure, 

3  bushels  (heaped) i  sack. 

9  bushels I  vat 

36  bushels,  or  12  sacks  (58.66  cubic  feet)  i  chaldron. 

5^  chaldrons i  room. 

21  chaldrons i  score. 

Old  Wine  and  Spirit  Measure, 

4  gills  or  quarterns i  pint  c^St 

2  pints I  quart 

4  quarts  (231  cubic  inches) i  gallon  =       .8333 

10  gallons ranker  =     8.333 

18  gallons I  runlet  =  15. 

3 1  Ji  gallons I  barrel  =  26.250 

42  gallons I  tierce  =  35. 

^\^b'"}  ^"^^"^^    =5^.5 

84gaUonsor|  i  puncheon    =   70. 

1^3  hogsheads  |  ^  ' 

1 26  gallons,  or       \ 

2  hogsheads,  or  > i  pipe  or  butt  =  105. 

i}i  puncheons      j 

2iripes.or     )   ^^^  ^,,0 

3  puncheons  j 


140  WEIGHTS  AND  MEASURES. 

By  this  measure  wines,  spirits,  cider,  perry,  mead,  vinegar,  oil,  I 
measured;  but  the  contents  of  every  cask  are  reckoned  in  imperial 
when  sold.  The  imperial  gallon  is  one-fifth  larger  than  the  ol 
gallon. 

0/ii  Ale  and  Beer  Measure, 

2  pints I  quart.  qK 

4  quarts  (282  cubic  inches) i  gallon  =  i.c 

9  gallons I  firkin  =  9.1 

2  firkins,  or  18  gallons i  kilderkin  =  18.3 

36  Xf^'"} ^^^'        =     3^-^ 

'sIXs"}  ^>^o^^-^=     54.S 

3  barrels,  or  [  ,  ,  „. .  - 
108  gallons       ;  '^""           =    ^°9-« 

The  imperial  gallon  is  one-sixtieth  smaller  than  the  old  beer  gallo 

Apothecaries  Fluid  Measure. 

60  minims  (ni) i  fluid  drachm  (/5). 

8   drachms   (water,    1.732   cubic)       «  . ,  /  >•  •v 

inches,  437 >^Wns)             }' Auid  ounce    (/|). 
20  ounces i  pint  (  ^  )• 

8  pints  (water,  70,000  grains) i  gallon  (^»^.). 

1  drop I  grain. 

60  drops I  drachnL 

4  drachms i  tablespooi 

2  ounces  (water,  875  grains) i  wineglassi 

3  ounces i  teacupfuL 


V.  Measures  of  Weight. — Tables  No,  26. 

Avoirdupois  Weight, 

tns,  or    I 
43  7  >^  grains 


16  drachms,  or    I  ,     v 

'         > I  ounce{<75.). 


>  I  pound  (imperia 


16  ounces,  or 
7000  grains 

8  pounds I  stone  (London  meat  1 

14  pounds I  stone. 

28  pounds,  or    )  ^     /      \ 

2  stones  }  I  quarter  (^r.). 

4  quarters,  or    \ 

8  stones,  or       > i  hundredweight 

1X2  pounds           I 
20  hundredweights i  ton. 

The  grain  above  noted,  of  which  there  are  7000  to  the  pound  avoi 
is  the  same  as  the  troy  grain,  of  which  there  are  5760  to  the  troy  pc 

Hence  the  troy  pound  is  to  the  avoirdupois  pound  as  i  to  1.21 
14  to  17. 


>  I  ounce. 
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be  trof  ooDoe  is  to  the  avoirdupois  ounce  as  4S0  grains,  the  weight  of 
fcnDa,t0  437ji  grains,  the  weight  of  the  latter;  or,  as  i  to  .9115. 
iWaJttjthe  iron  ton  is  20  cwt.  of  120  lbs.  each. 

24  grains i  pennyweight  (^ANL). 

20  pem^  wiTghls,  or 

4S0 

12  ounces,  or  )  , 

576ognuns         }  ^  I^""**^ 

25  pounds I  quarter. 

4  quarters,  or  100  pounds i  hundredweight 

f  troy  weight  are  weighed  gold,  silver,  jewels,  and  such  liquors  as  are 

by  weight 

Diamond  Weight 

I  diamond  grain 0.8  troy  grain. 

I  carat 4  diamond  grains. 

15)^  carats i  troy  ounce. 

Apothecaries  Weight. 

le  revised  table  of  weights  of  the  British  Pharmacopeia  is  as  follows : 
iccording  to  the  avoirdupois  scale : — 

437  J^  grains i  ounce. 

16  ounces i  pound. 

the  old  table  of  Apothecaries'  Weight,  superseded  by  the  preceding 
the  troy  scale  was  followed,  thus: — 

Old  Apothecaries  Weight 

20  grains i  scruple  O). 

3  scruples,  or  1  ^  ^^j^^  ^   ^ 

60  grains  J  ^^' 

8  drachms,  or  )  ^  ^„«^^  /x\ 

Q  > I  ounce  (t  J. 

480  grams  j  ^^' 


576 


12  ounces,  or)  ^  pound  (^.). 

60  grains         J  i-  \    / 


Weights  of  Current  Coins, 


I  farthing,        .8  inch  diameter, '/xo  ounce. 

I  halfpenny,  i.o  „  Vs        » 

I  penny,         1.2  „  V3        » 

I  threepenny  piece */»      »> 

I  fourpenny  piece Vjs      » 

I  sixpence Vx©      »» 

I  shillmg Vs        " 

I  florin Vs        >» 

I  half-crown Va        »> 

5  shillings  or  10  sixpences i  „ 

I  sovereign ^l^o\mct,  fully. 

iie  exact  weight  in  grains  of  these  coins,  see  Table  of  British  Monejr. 
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Measmra  rdm^mg^U  BMi2£^g  {amiiMmid.) 

Load  cf  statote  bndES ^ 500. 

Load  of  plain  tDes ~ ioogl 

Load  of  lime 52 

Load  of  sand - 36      „ 

Hundred  of  lime 35      „ 

Hundred  cd  naik,  or  locks 120L 

Jlxmsand  of  naik,  or  tacks 120Q. 

Foddd  <d  kad i9j«i 

Slieet  lead 6  to  10 

Himdjwi  of  lead 112 

Table  of  glass - ^ 5 

Case  of  glass 45  tables. 

c-  of  ^^ { '^'^:r^ 

Stone  of  glass 5 

Seam  of  ^bLSs 24 

Samdrj  Qmnmtrdal  Jimmra. 

Dicker  of  hides 10 

Last  of  hides 20 

Weigh  ol  cheese 256  poimds. 

Banel  of  herrings 26  ^3 

Cian  of  herrings 37j^ 

Pocket  of  h<^ 1%  to  2 

Bag  of  hops 3j-r  cwt.,  neail} 

Last  of  potash,  ood-fish,  vhite  her- )  t_     , 

nngs,  meal,  pitcii.  tar j 

Baird  of  tar 26)5  gallofis. 

Barrel  of  ancho\ies 3opoiiiKis. 

Barrel  of  butter 224      „ 

Barrel  of  candles 120      „ 

Bane]  of  turpentine 2  to  2ja  cwt. 

Barrel  <rf  gunpowder 100  pounds. 

Last  of  gunpowder 24  barrels. 

Mmmrtsfor  Skips. 

I  ton,  displacement  of  a  ship, 35  cubic 

I  ton,  registered  internal  capadtr  of  do., 100      di 

I  ton,  shipbuilders'  old  measurement, 94        d< 

Comparison  of  Compouxd  L'xn^ — ^Tables  Na  28u 

Measures  of  Vdedty. 

T      _  x^ /    1.467  feet  per  secc 

I  mile  per  hour *{  00     r    *  -     ^ 

*^  (  88.0  feet  per  mmuti 

I  knot  per  hour 1.688  feet  per  sea 

I  foot  per  second .682  mile  per  hoi 

I  foot  per  minute .01136  mile  per  ] 
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Measures  of  Volume  and  Time, 

I  cubic  foot  per  second i      2.  «2  cubic  j-ards  per  minute. 

\  '33-353  cubic  yards  per  hour. 

I  cubic  foot  per  minute 2.222  cubic  yards  per  hour. 

I  cubic  yard  per  hour .45  cubic  foot  per  minute. 

.  cubic  inch  per  second i      i.083  cubic  foot  per  hour. 

^  \     12.984  gallons  per  hour. 

I  gaflon  per  secoiid 569.124  cubic  feet  per  hbur. 

I  gallon  per  minute 9-435  cubic  feet  per  hour. 

Measures  cf  Pressure  and  Weight.     (See  also  page  127.) 

i    144  lbs.  per  square  foot 
I  lb.  per  square  inch <  1296  lbs.  per  square  jtuxL 

(         .5786  ton  per  square  yard. 
'  JS'^iS/'^  7  lbs.  per  I       g^^^  ^^^  p^  ^^^  ^.^ 

i  .00694  lb.  per  square  inch. 

I  lb.  per  square  foot <  .  1 1 1 1  ounce  per  square  inch. 

(  .0804  cwt  per  square  )TU'd. 

n  .     ,  f  2.0355  inches  of  mercury  at  32®  F. 

I  lb.  per  square  mch {  2.308  feet  of  water  at  52^3  F- 

I  inch  of  mercurv  at  ii2*»  F     I  '^^^  ^^'  P^^  ^^"^  "^^^• 

I  men  01  morcury  at  32   i-.    |        1. 133  feet  of  water  at  52^3  F. 

f  -4333  ^b.  per  square  inch. 

I  foot  of  water,  at  52^.3  F. ..  -J      62.4  lbs.  per  square  foot. 

(  -8823  inch  of  mercury  at  32°  F. 

Measures  of  Wdght  and  Volume. 

{405. 1  grains  per  cubic  inch. 
.926  ounce  per  cubic  inch. 
4.107  cwt  per  cubic  }'ard. 
1.205  tons  per  cubic  yard. 

, .    .     ,  f    ^-QSo  ounces  per  cubic  foot 

.  gram  per  cubic  inch {    "^.ajy  pounds  Iper  cubic  foot. 

I  ounce  per  cubic  inch 108  pounds  per  cubic  foot. 

I  cwt  per  cubic  yard 4.148  pounds  per  cubic  foot 

I  ton  per  cubic  yard 82.963  pounds  per  cubic  foot 

I  pound  for  1122  cubic  feet 


I  grain  per  gallon  (i  in  70,000 
parts  by  weight,  of  water) 


I  pound  for  41.5  cubic  yards. 
I  pound  for  31.8  cubic  metres. 
220  grains  for  i  cubic  metre. 
.503  ounce  for  i  cubic  metre. 

Measures  of  Power, 


IV     rr    1         TT  T>  (  1,080,000  foot-pounds  per  lb.  of  fuel. 
I  lb.  of  fuel  per  H.P.  1     ^      ^^^^^  ^jjj.^^^  foot-pounds  per  cwt  of  fuel 

"^   ^^ (        2,565  heat-units  per  lb.  of  fuel. 


146  WEIGHTS  AND   MEASURES. 

FRANCE.— THE   METRIC   STANDARDS   OF  WEIGHTS 

AND   MEASURES. 

The  primary  metric  standards  are: — the  metre,  the  unit  of  length;  and^^ 
the  kilogramme,  the  unit  of  weight,  derived  from  the  metre :  being  the  tio 
platinum  standards  deposited  at  the  Palais  des  Archives  at  Paris. 

The  standard  metre  is  defined  to  be  equal  to  one  ten-millionth  part  of; 
the  quadrant  of  the  terrestrial  meridian,  that  is  to  say,  the  distance  froB^ 
the  equator  to  the  pole,  passing  through  Paris,  which,  by  the  latest  and; 
most  authoritative  measurement,  is  39.3762  inches,  in  terms  of  the  Imperil! 
standard  at  62°  F.     By  the  latest  and  most  accurate  measurement,  the, 
actual  standard  metre  at  32°  F.  is,  in  terms  of  the  Imperial  standard  at  62*  FiJ 
39.37043  inches;  and  its  legal  equivalent,  declared  in  the  Metric  Act  of f 
1864,  is  39.3708  inches,  being  the  same  as  that  adopted  in  France. 

The  standard  kilogramme  (1000  grammes)  is  defined  to  be  the  weight  of 
a  cubic  decimetre  of  distilled  water  at  its  maximum  density,  at  4^.0  C 
or  39^  I  F.     This  is  legally  taken  to  be 

2.20462125  lbs.,  or 

2  lbs.,  3  oz.,  4.383  drachms,  or 

i5»432.34874  grains. 

There  is  in  the  Standard  Department  at  Westminster  a  newly-constructed 
subdivided  standard  yard,  laid  down  upon  a  bar  of  Baily's  metal,  upoD 
which  a  subdivided  metre  has  also  been  laid  down. 

The  metric  unit  of  capacity  is  the  litre,  defined  to  be  equal  to  a  cubic 
decimetre.     Its  Imperial  equivalent  is  0.22009  gallon. 

There  is  no  other  official  standard  of  weight  and  measure  in  France 
than  the  metre  and  the  kilogramme ;  there  is  no  standard  litre  or  unit  of 
capacity. 

The  metric  system  is  not  really  founded  on  the  length  of  a  quadrant  of  the 
meridian,  and  although  it  is  described  as  a  scientific  system,  because  of  the 
simple  and  definite  relation  betw^een  the  metre,  which  is  its  basis  and  unit  of 
length,  and  the  kilogramme  and  litre,  which  are  the  units  of  weight  and 
capacity,  it  is  admitted  that  it  has  been  found  impossible  practically  to 
carry  it  out  with  scientific  accuracy.  The  standard  kilogramme  is  admitted 
not  to  be  actually  the  weight  of  a  cubic  decimetre  of  pure  water  at  the 
specified  temperature,  nor  the  litre  a  measure  of  capacity  holding  a  cubic 
decimetre  of  pure  water.  The  real  standard  unit  of  weight  is  declared,  even 
by  men  of  science  in  France,  to  be  merely  the  ])latinum  kilogramme-weight 
deposited  at  the  Palais  des  Archives,  as  the  real  standard  unit  and  basis  of 
the  metric  system  is  the  platinum  metre,  also  deposited  there.  It  is  an 
accomplished  fact,  however,  that  all  ci\nlized  nations  have  tacitly  agreed  to 
recognize  the  metric  system  as  affording  for  the  future  the  advantages  of  a 
universal  system  of  weights  and  measures,  and  to  adopt  the  standards 
deposited  at  the  Palais  des  Archives  as  the  primary  units  of  the  system. 

The  French  metric  system  has  been  adopted,  and  its  use  made  compul- 
sory by  the  following  States: — France  and  Belgium,  in  1801;  Holland,  in 
1819;  Greece,  in  1836;  Italy  and  Spain,  in  1859;  Portugal,  in  1860-68; 
the  German  Empire,  in  1872;  Colombia,  Venezuela,  in  1872;  Ecuador, 
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-ftazil,  Peru,  and  Chili,  in  i860;  also  by  the  Aigentine  Confederation,  and 
Uruguay. 

Great  Britain  and  Ireland,  in  1864,  adopted  the  metric  system,  so  far  as  to 
rader  contracts  in  terms  of  the  French  metric  system  permissive. 

The  United  States  of  North  America,  in  1866,  legalized  the  French  metric 
system  concurrendy  with  the  old  system;  it  was  also  legalized  in  British 
North  America. 

Switzerland,  in  1856,  legalized  the  foot  of  three  decimetres  as  the  unit  of 
length,  with  a  decimal  scale;  the  unit  of  weight  being  the  pound  of  500 
pammes,  or  half  a  kilogramme,  with  two  distinct  scales  of  multiples  and 
parts,  one  decimal,  the  other  according  to  the  old  custom. 

Sweden,  in  1855,  by  a  law  made  compulsory  in  1858,  adopted  a  decimal 
sjfstem  of  weights  and  measures,  having  for  the  unit  of  length  a  foot  of  0.297 
metre,  and  the  unit  of  weight  a  pound  of  0.42  kilogramme: — being  the 
original  units  decimally  treated. 

Denmark  adopted  the  metric  system  so  far  as  the  pound  of  500  grammes. 
The  pound  is  decimally  treated,  and  since  1863  the  use  of  the  greatest 
parts  of  the  multiples  of  the  pound  not  conformable  to  decimal  sub- 
division has  been  prohibited. 

.\ustria,  in  1853,  adopted  a  pound  of  500  grammes,  with  decimal  divisions, 
for  customs  and  fiscal  purposes. 

Russia  awaits  the  example  of  those  countries  with  which  she  has 
commeFcial  relations,  especially  of  England. 

In  Morocco  and  Tunis,  the  weights  and  measures  have  no  relation  with 
the  metric  system. 

On  the  2oth  May,  1875,  the  international  convention  for  the  adoption 
of  the  French  metrical  system  of  weights  and  measures  was  signed  at  Paris 
1^  the  plenipotentiaries  of  France,  Austria,  Germany,  Italy,  Russia,  Spain, 
Portugal,  Turkey,  Switzerland,  Belgium,  Sweden,  Denmark,  the  United 
States,  the  Argentine  Republic,  Peru,  and  Brazil.  A  special  clause 
reserves  to  States  not  included  in  the  above  list  the  right  of  eventually 
adhering  to  the  convention. 

I.  French  Measures  of  Length. — Table  No.  29. 

10  millimetres i  centimetre. 

10  centimetres i  decimetre. 

10  decimetres,  or  /J 

100  centimetres,  or  > i  metre. 

1000  millimetres        j 

10  metres i  decametre. 

10  decametres i  hectometre. 

10  hectometres,  or  1000  metres i  kilomktre  (kilo.) 

10  kilometres i  myriametre. 


I  toise  (old  measure) -  1.949  metres. 

1000  toises I  mille  -  1.949  kilometres. 

2000  toises I  itinerary  league       =-3.898 

2280.329  toises I  terrestrial  league     -^4.444 

2850.411  toises I  nautical  league        -5-555 

I  noeud (British nautical  mile)-  1.855 
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French  Wire-Gauges  {/auges  de  FUs  de  Fer). 

The  French  wire-gauge,  like  the  English,  has  been  subject  to 
Table  No.  30  contains  the  values  of  the  "points,"  or  numbers,  of 
Limoges  gauge;  table  No.  31  gives  the  values  of  a  wire-gauge  used  in  t^ 
manufacture  of  galvanized  iron;  and  table  No.  32  the  values  of  a  gaqu 
which  comprises  wire  and  bars  up  to  a  decimetre  in  diameter. 

French  Wire-Gauge  {/auge  de  Limoges), — ^Table  No.  30. 


Number. 

Diameter. 

Number. 

Diameter. 

Number. 

Diameter. 

Millimetre.' 

Inch. 

Millimetre. 

Inch. 

Millimetre. 

Inch. 

0 

•39 

•0154 

9 

'•35 

•0532 

18 

3-40 

•134 

I 

•45 

.0177 

10 

1.46 

•0575 

19 

3.95 

•156 

2 

.56 

.0221 

II 

1.68 

.0661 

20 

4.50 

•177 

3 

•67 

.0264 

12 

1.80 

.0706 

21 

5.10 

.201 

4 

.79 

.0311 

13 

1. 91 

.0752 

22 

5-65 

.222 

5 

.90 

•0354 

14 

2.02 

•0795 

23 

6.20 

.244 

6 

1. 01 

.0398 

15 

2.14 

.0843 

24 

6.80 

.268 

7 

1. 12 

.0441 

16 

2.25 

.0886 

8 

1.24 

.0488 

1 

17 

2.84 

.112 

French  Wire-Gauge  for  Galvanized  Iron  Wire. — Table  No.  31. 


Number. 

Diameter. 

Number. 

Diameter. 

Number. 

Diameter. 

M'metre. 

Inch. 

M'metre. 

Inch. 

M'metre.  1 

Inch. 

I 

.6 

.0236 

9 

1.4 

.0551 

17 

3.0 

.118 

2 

.7 

.0276 

10 

1-5 

•0591 

18 

3-4 

•134 

3 

.8 

•0315 

II 

1.6 

.0630 

19 

3-9 

•154 

4 

•9 

•0354 

12 

1.8 

.0709 

20 

4.4 

.173 

5 

i.o 

•0394 

13 

2.0 

.0787 

21 

4.9 

.193 

6 

I.I 

•0433 

14 

2.2 

.0866 

22 

5-4 

.213 

7 

1.2 

•0473 

15 

2.4 

•0945 

23 

5-9 

.232 

8 

1.3 

.0512 

16 

2.7 

.106 

French  Wire- and  Bar- Gauge. — Table  No.  32. 


Mark. 

Size. 

Mark. 

Size. 

Mark. 

Size. 

Mark. 

Size. 

Millimetre. 

Millimetre. 

Millimetre. 

Millimetre. 

P 

5 

8 

13 

16 

27 

24 

64 

I 

6 

9 

14 

17 

30 

25 

70 

2 

7 

10 

15 

18 

34 

26 

76 

3 

8 

II 

16 

19 

39 

27 

82 

4 

9 

12 

18 

20 

44 

28 

zz 

5 

10 

13 

20 

21 

49 

29 

94 

6 

II 

14 

22 

f 

22 

54      . 

30 

100 

7 

12 

15 

24 

23 

59 
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II.  French  Measures  of  Surface. — Table  No.  33. 

100  square  millimetres i  square  centimetre. 

100  square  centimetres i  square  decimetre. 

100  square  decimetres,  or  )  ^  , _„^ „ 

10,000  square  centimetS      |  '  "^"^  "^*^  °'  centiare. 

100  square  metres,  or  centiares...  i  square  decametre,  or  are. 

100  square  decametres,  or  ares ...  i  square  hectometre,  or  hectare. 

100  square  hectometres,  or  hectares  i  square  myriametre. 

Lmd  is  measured  in  terms  of  the  centiare^  the  are,  and  the  hectare  or 
m^ad  metrique  (metric  acre).     There  is  also  the  decare,  of  10  ares. 


III.  French  Measures  of  Volume. — Tables  No.  34. 

Cubic  Measure, 

1 000  cubic  millimetres i  cubic  centimetre. 

1 000  cubic  centimetres i  cubic  decimetre. 

1000  cubic  decimetres i  cubic  metre. 

Wood  Mecmtre, 

lodedstbres i  stfere*  (i  cubic  metre). 

I  voie  (Paris) 2  stores. 

I  voie  de  charbon  (charcoal) 0.2  st^re  (  Vs  cubic  metre). 

I  corde 4  stores. 

*Tbe  stere  measures  1. 14  metres  x  a88  metre  x  i  metre,  the  billets  of  wood  being 

1. 14  metre  in  length. 


IV.  French  Measxhies  of  CAPAanr. — ^Tables  No.  35. 

Liquid  Measure. 

10  centilitres i  decilitre. 

10  decilitres i  litre. 

10  litres I  decalitre. 


Dry  Measure. 

10  litres I  decalitre. 

10  d^cal 
100  Utres 
10 
1000 


10  d&aUtres,  or  ) ^  hectolitre. 

00  utres  j 

10  he^Utres,  or )  ^  ^^^jj^^  ^^  ^^^j^  ^^^y 

00  htres               j  ^             .         ' 


The  use  of  measures  equal  to  a  double^Ure^  a  haif-Iitre^  a  double-didliire^z 
^^-dkiiUre^  is  sanctioned  by  law. 
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V.   French  Measures  of  Weight. — Table  No.  36. 

10  milligrammes i  centigramme. 

10  centigrammes i  decigramme. 

10  decigrammes i  gramme. 

10  grammes i  decagramme. 

10  decagrammes i  hectogramme. 

10  hectogrammes,  or  )  „„^^ „„„  /jl?/    z.v    \ 

w^^^  ,r^«,^^e  r  I  kilogramme  (>b/.,  ifefc^.) 

1000  grammes  J  \     »       d  / 

10  kilogrammes i  myriagramme. 

.roXSrf'"}  quintal  metrique. 

10  quintaux,  or  )  (        1  millier,  tonneau  de  mer,  or 

1000  kilogrammes  J  ( (weightofi  cubic  metre  of  water  at  39^1)1^ 


EQUIVALENTS  OF  BRITISH  IMPERIAL  AND  FRENCH  METRIC 

WEIGHTS  AND   MEASURES. 


I.  Measures  of  Length. — ^Tables  No.  37. 


A   DECIMETRE  DIVIDED  INTO  CENTIMETRES  AND  MILLIMETRES. 
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INCHES  AND  TENTHS. 


Metric  Denominations 
AND  Values. 

Equivalents  in  Imperial  Denominations. 

Metres. 

Inches. 

Feet. 

Yards. 

Miles. 

1 

I  millimetre 
I  centimetre 
I  decimetre 
I  METRE   .... 

I  dekametre 
I  hectometre 

I  KILOMETRE 

I  myriametre 

/lOOO 

1/ 

/ 100 
'/.o 

I 

10 

100 

1,000 

10,000 

=     0.03937 

-  0.39370 

-  393704 
-^39-37043 

=^     3.28087 
=  32.80869 

=  3280.87 

=               1.09362 
10.93623 
109.36231 
=     1,093.6231 
=  10,936.231 

=  0.62138 
-- 6.21377 

IMPERIAL  AND  METRIC  EQUIVALENTS. 
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Tables  No.  37  {continued). 


Impcsiajl  Denominations. 

Equivalents  in  Metric  Denominations 

Cendmetres. 

Metres. 

Kilometres. 

I  inch  (25.4  millimetres) 

I  foot,  or  12  inches 

I  yard,  or  3  feet,  or  36  inches .... 
I  fathom,  or  2  j'ards,  or  6  feet.... 
I  Dole,  or  «J  ^  yards 

=  2.53995 

=            0.30480 

0.91439 

1.82878 

5.02915 

20.11662 

-      201.1662 

=  1,609.3296 

0.201 17 

-  1.60933 

i 

I  chain,  or  4  poles,  or  22  yards... 
I  furlong,  40  poles,  or  220  yards 
I  mile,  8  furlongs,  or  1760  yards 

Equivalent  Values  of  Millimetres  and  Inches. — Tables  No.  38. 


Millimetres  =  Inches. 


j^^_  _ 

Indies. 

MUlimetres. 

Inches. 

MUlimetres. 

ii 

Inches. 

il 

Millimetres. 

Inches. 

I 

•0394 

27 

1.0630 

53 

2.0866 

79 

3. 1 103 

1         2 

.0787 

28 

1. 1024 

54 

2.1260 

80 

3.1496 

3 

.1181 

29 

I.I417 

55 

2.1654     1 

81 

3.1890 

4 

•1575 

30 

I.181I 

56 

2.2047     i 

82 

3.2284 

5 

.1968 

31 

1.2205 

57 

2.2441      1 

83 

3.2677 

6 

.2362 

32 

1.2598 

58 

2.2835 

84 

3.3071 

7 

.2756 

33 

1.2992 

59 

2.3228 

85 

3.3465 

8 

•3150 

34 

1.3386    , 

'     60 

2.3622 

86 

3.3859 

1      9 

•3543 

35 

1.3780    ^ 

;  61 

2.4016 

87 

3.4252 

10 

•3937 

36 

I.4173    1 

62 

2.4410 

88 

3.4646 

II 

•4331 

37 

14567 

■'  63 

2.4803 

89 

3-5040 

12 

.4724 

38 

I.4961 

64 

2-5^97 

90 

3-5433 

13 

.5"8    i 

39 

1-5354 

65 

2.5591 

91 

3.5827 

14 

•5512 

40 

1.5748 

66 

2.5984 

92 

3.6221 

'5 

.5906 

41 

1. 6142  . 

67 

'   2.6378 

93 

3.6614 

16 

.6299 

42 

16536 

'      68 

1 

1   2.6772 

94 

3.7008- 

17 

.6693 

43 

1.6929 

69 

;  2.7166 

95 

3.7402  1 

18 

.7087 

44 

17323 

;     70 

,  2.7559 

96 

3.7796  ; 

'9 

.7480 

45 

1-7717 

;     71 

1  2.7953 

97 

3.8189 

20 

.7874 

46 

1.8110 

1     72 

'  2.8347 

98 

3.8583 

21 

.8268 

47 

1.8504 

73 

2.8740 

99 

3.8977 

22 

.8661 

48 

1.8898 

74 

2.9134 

100 

3.9370 

23 

.9055 

49 

1. 9291 

75 

2.9528  ; 

=  I  de 

cimetre. 

24 

.9449 

50 

1.9685 

76 

2.9922  I 

25 

9^43 

51 

2.0079 

77 

3-0315 

26 

1.0236 

52 

1 

2.0473 

78 

3.0709  1 

\ 

I 
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Tables  Xa  38  (amtituud), 

IxcHBS  DBaxAixr  =  Mnxis 


Incfack. 


.01 

.02 

•03 
.04 

•05 
.06 

.07 

.08 

.09 

.10 

.12 

.14 

.16 

.18 

.20 

.22 

.24 


MiHunetres.        Inches.      MCIuneires.  ■     laches^       Millimffre^. 


I 


•25 
.51 

1.02 
1.27 

1.52 
1.78 
2.03 
2.29 

2.54 

3-05 
3.56 
4.06 

4.57 
5.08 

5-59 
6.10 


.26 

.28 

•30 

•32 

•34 

.36 

.38 
.40 

.42 

.44 
.46 

.48 

•50 
•52 

•54 
.56 

58 


6.60 
7.11 
7.62 

8.13 
8.64 

9.14 

965 
10.2 

10.7 

II. 2 

11.7 

12.2 

12.7 

13-2 

13-7 
14.2 

147 


!l 


.60 

.62 

.64 

.66 

.68 

.70 

.72 

•74 
.76 

.78 

.80 

.82 

.84 

.86 

.88 

.90 

.92 


15-2 

157 
16.3 

16.8- 

173 
17.8 

18.3 
18.8 

193 
19.8 

20.3 

20.8 

21.3 

21.8 

22.4 

22.9 

234 


•94 
.96 

.98 

1. 00 

2.00 

3-00 

4.00 

5.00 

6.00 

7.00 

8.00 

9.00 

10.00 

11.00 

12.00 

=  1 


23.9 

244 
24.9 

254 
50.S 
76.1 

1 01.6 
127.0 

1524 
177.S 
203.1 

228.6 

254.0 

279-4 

304.^ 
foot 


Inches 

IN  Fractions  =  Muxihetkes. 

Eighths. 

Sucteenths. 

Thirty 'Seconds . 

■ 

Millimetres. 

>                                  1 

Eighths.  I  SjEteenths.  Thirty-seconds. - 

1 

•  MilhmeinL 

i 

1 

I 

.79 

17 

13.5 

I 

2 

159 

9 

18 

14-3 

3 

2.38 

19 

I5-I 

I 

2 

1          4 

3^17 

5 

10 

20 

159 

'          5 

■     3-97 

21 

16.7 

3 

6 

4.76 

II 

22 

17.5 

7 

5.56 

23 

18.3 

2 

4 

8 

6.35 

6 

12 

24 

19.0 

, 

9 

7.14 

25 

19.8 

5 

10 

794 

13 

26 

20.6 

II 

873 

27 

21.4 

3 

6 

12 

952 

7 

14 

28 

22.2 

13        1 

10.32 

29 

23.0 

7 

14        1 

II. II 

15   i     30 

23.8 

15        ' 

II. 91 

31 

24.6 

1  ^  1 

8 

16        : 

1 

12.7 

8      1      16             32 

25-4 

By  means  of  the  preceding  tables  of  equivalent  values  of  inches  and 
millimetres,  the  equivalent  values  of  inches  in  centimetres  and  decimetres, 
and  even  in  metres,  may  be  found  by  simply  altering  the  position  of  the 
decimal  point.  This  method  naturally  follows  from  the  decimal  subdivisions 
of  French  measure. 

Take,  for  example,  the   tabular  value  of  i    millimetre,  and  shift  the 
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point  saccessivdy,  by  one  digit,  towards  the  right-hand  side;  the 
of  a  centimetre,  a  decimetre,  and  a  metre  are  thereby  expressed  in 
as  follows: — 

I  millimetre 0394  inches. 

I  centimetre o*394       a 

I  decimetre 3.94         „ 

I  metre 39-4  n 

At  die  same  time,  it  appears  that,  by  selecting  the  tabular  value  of 
JO  millimetres,  the  value  of  its  multiples  are  given  more  accurately,  thus, — 

10  millimetres,  or  i  centimetre 0.3937  inches. 

I  decimetre 3-937        » 

I  metre 39.37  „ 

Again: — 

100  millimetres,  or  i  decimetre  «    3-937  inches. 

I  nietre =39-37      » 

Similarly,  for  example: — 

.32  inch  =         8.13  millimetres. 
3.2      „     =       81.3  „ 

^^•^      "  I       .813  metre. 


IL  Square  Measures,  or  Measures  of  Surface. — Tables  No.  39. 


Mmuc 

I  square  centimetre 

I  square  decimetre 


I  square  metre,  or  centiare 

I  ARE,  or  square   dekametre,   or    100 
square  metres 

I  hectare,  or  metrical  acre,  or  100  ares, 
or  10,000  square  metres 


{ 


IjcnauAX.  Sqvamm, 

.155  square  inch. 
15.5003  square  inches. 
10.7641  square  feet,  or 
1. 1960  square  yards. 
1076.41  square  feet,  or 
119.60  square  yards. 
11,960.11  square  yards,  or 

2.47 1 1  acres,  or 
2  acres  and  2280.1240  square 
yards. 


iMpmuAL    =    IffTuc  Sqcau  MsAst: 


impoiml  Uamar%. 

Square 

SqnareMexxvs. 

Am. 

CMCUVCi. 

f  souare  inch  ...--rrr 

=645148 

I  square  ft,  or  144  sq.  inches 

=         0.092901 

— 



I  sauare  yard,  or  9  square  i 
fiect,  or  1296  sq.  inches  S 

=      a836ii2 

— 



I  perch  or  rod,  or  joX 
square  yards 

— 

=     25.292 

— 



I  rood,  or  40  perches,  or' 
1210  square  jrards } 

— 

=  1011.696 

=  10.11696 



I  acre,  or  4  roods,  or  4840  ) 
square  yards ) 

— 

^4046.782 

«40-4678 

=        0^10466 

I  square  mil^  or  640  acres 

*"~ 

~~" 

•■^ 

1  =  258.^8944 
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III.  Cubic  Measures. — Tables  No.  40. 

Mbtric  =  Imfesial  Cubic  Mkasukbs. 

I  cubic  centimetre =       0.061025  cubic  inch. 

I  cubic  decimetre ^  j  61.02524  a»bic  inches,  or 

(    0.0353156  cubic  foot 

35.3156  cubic  feet,  or 

1.308  cubic  yards. 

Imperial  =  Metric  Cubic  Mbasusbs. 

I  cubic  inch =      16.387  cubic  centimetres. 

I  cubic  foot ^/ 28.31531  cubic  decimetres,  or; 


I  cubic  metre 


=  \ 


cubic  yard 


(    0.028316  cubic  metre. 
0.76453  cubic  metre. 


Wood  Measure. 


I  sthre,  or  cubic  metre /  35-3156  cubic  feet 

'  (    1.308  cubic  yards. 

I  decistfere 3.5316  cubic  feet 

I  voie  de  bois  (wood),  or  2  stores,  Paris  \  ^^'^^i^  cubic  feet,  or 

^         '*  '  2.616  cubic  vaids. 


I  voie  de  charbon  (charcoal)  =  i  sack 


=  Vs  st^re 


Syi  bushels,  or 
7.063  cubic  feet 
I  corde  of  wood  =  4  cubic  metres 141.26  cubic  feet 

IV.   Measures  of  Capacity. — ^Tables  No.  41. 


Mbtric  Denominations 
AND  Values. 

Equivalents  in  Imperial  Denominations.                    1 

Litres. 

Gills. 

Pints. 

Quarts. 

Gallons. 

Bushels. 

Quaiicn. 

Centilitre 

/lOO 

0.0704 

0.0176 

Decilitre 

'Ac 

0.7043 

O.I  761 

0— 

Litre 
(61.02524c  in.) 

}  ■ 

1.7607 

0.8804 

0.2201 

Dekalitre 

10 

2.2009 

0.2751 

Hectolitre 

100 

22.009 

2.75" 

0.344 

Kilolitre 

1000 

— — 

220.09 

27.511 

3.439 

Imperial  Denominations. 

Equivalents  in  Metric  Denominatiokb. 

Litres. 

Dekalitres. 

igiU 

I  pint,  or  4  gills 

I  quart,  or  2  pints 

I  firallon.  or  a.  ouarts 

=       0.1420 
=       0.5679 

=        I-I359 
=       4-5436 
=       9.0872 

=     36.3488 
=  290.7904 

=     0.9087 

-     3-6349 
=  29.0790 

=  2.9079 

I  peck,  or  2  gallons 

I  bushel,  or  8  gallons 

I  Quarter,  or  8  bushels 

IMPERIAL  AND  METRIC  EQUIVALENTS. 
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V,  Measures  of  Weight. — Tables  No.  42. 


Mbtuc  Weights    =    Ihpskial  Avoirdupois  Weights. 

I  kilogramme  =  2  lbs.  3  oz.  4  drachms,  10.47374  grains. 


XsTuc  Weights. 

Equivalents  in  Imperial  Denominations. 

Gxaans. 

Ounces. 

Pounds. 

Hundred* 
weights. 

Tons. 

Milligramme 

Centigramme 

Decigramme 

Viooo 

Vioo 

Vxo 

I 

10 
100 

I^OOO 

10,000 

100,000 

1,000,000 

0.0154 

0.1543 

I.S432 

IS-4323 

I  S4.3235 

1543.2349 

15432.3487 

0.3527 
3-5274 

35-2739 

2.2046 

22.0462 

220.4621 

2204.6212 

1.9684 
19.6841 

II     1  1  1  it 

0' 

Gramme..... 

Dfkagramme 

Hectogramme 

Kilogramme 

Mynagramme 

QuintaJf  or  100  kilog. 
Millier,  or  metnc  ton 

Imperial  Avoirdupois    =    Metric  Weights. 


Imperial  Avoirdupois 
Weights. 

Grammes. 

Decigrammes. 

Kilogrammes. 

Millier,  or 
Metric  Ton. 

I  drachm 

=        I.77184 
=     28.34954 

=  453.59265 

=     2.83495 
-4535926 

0.45359 
=        50.80237 

=  1016.04754 

-  1. 01604 

I  ounce,  or  16  drams 
I  pound,  or  1 6  ounces 
I  hundredweight,     ) 

or  112  pounds  j 
I  ton,  or  20  hun-  ) 

dredweights       f 

Metric  Weights    =    Imperial  Troy  Weights. 

I  kilogramme  =  2  troy  lbs.  8  oz.  3  dwts.,  .34874  grain. 


Uetric  Weight.«i. 

Grains. 

« 

Pennyweights. 

Ounces. 

Troy  Pound. 

Milligramme  . . . 
Centigramme  ... 
Decigramme . . . 
Gramme 

0.01543 
0.15432 

154323 

15-43234 

=         154.32349 

=      1543-23487 

=  I5»432.34874 

=  0.64301 
=  6.43014 

=     O.32151 
=     3.21507 

=  32.15073 

-  2.67922 

Dekagramme... 
Hectogramme.. 
Kilogramme... 
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Imprrial  Troy    =    Metric  Weights. 


Imperial  Troy  Weights. 

Equivalents  in  Metric  Dbnominatioiis.               1 

Milligramme. 

Gramme. 

Dekagramme. 

HectO" 
gramme. 

A' 

I  trov  irrain 

64-79895 

0.06480 

I.55517 

31.10349 

373-24195 

3.IIO35 
37.32419 

3.73242 

I     „    dwt.,  or  24  gr. 
I     „    oz.,  or  480  „ 
I    „    lb.,ors,76o  „ 

0-373H 

APPROXIMATE   EQUIVALENTS  OF  ENGLISH  AND 

FRENCH   MEASURES. 

The  following  are  approximately  equal  English  and  French 
length : — 

I  pole,  or  perch  {5^  yards)...      5  metres  (exactly  5.029  metres). 

I  chain  (22  yards) 20  metres  (exactly  20.1166  metres). 

I  furlong  (220  yards) 200  metres  (exactly  201.166  metres). 

5  furlongs I  kilometre  (exactly  1.0058  kilometres). 

^  f     3  decimetres  (exactly  3.048  decimetres),  or 

'  ^    (    30  centimetres. 

One  metre  =  3.28  feet  =  3  feet  3  inches  and  3  eighths  all  but  '/j,,  inck; 
=  40  inches  nearly  (  V64th  or  1.6  per  cent  less). 

.100  metre  (i  decimetre)  =  4  inches  nearly  (exacdy  y^Ue  inches). 
.010  metre  (1  centimetre)  =   .4  inch,  or  Vioths  inch,  nearly. 
.001  metre  (i  millimetre)  =   .04  inch,  or  Viooths  inch,  or  two-thirds 

of  \/,6  inch,  or  '/aj  inch,  nearly. 

One  inch  is  about  2  J^  centimetres  (exactly  2.54). 

One  inch  is  about  25  millimetres  (exactly  25.4). 

One  yard  is  "/laths  of  a  metre.     11  metres  are  equal  to  12  yards. 

Approximate  rule  for  converting  metres,  or  parts  of  metres,  mto  jraids:— 
Add  Vxi^^  {}i  per  cent.  less). 

For  converting  metres  into  inches: — Multiply  by  40;  and  to  convert 
inches  into  metres,  or  parts  of  metres,  divide  by  40. 

One  kilometre  is  about  ^  mile  (it  is  0.6  per  cent.  less). 

One  mile  is  about  1.6  or  i  3/^  kilometres  (it  is  0.6  per  cent  less)  »=  16 10 
metres,  about. 

With  respect  to  superficial  measures: — 
One  square  centimetre  is  about  ^6.5  part  of  a  square  inch. 
One  square  inch  is  equal  to  about  6.5  square  centimetres. 
One  square  metre  contains  fully  10^  square  feet,  or  nearly  1 7s  square  yards. 
One  square  yard  is  nearly  ^j^  ths  of  a  square  metre. 
One  acre  is  over  4000  square  metres  (about  1.2  per  cent  more). 
One  square  mile  is  nearly  260  hectares  (about  0.4  per  cent  less). 
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With  respect  to  cubic  measures,  and  to  capacity : — 
One  cubic  yard  is  about  ^  cubic  metre  (it  is  2  per  cent  more). 
One  cubic  metre  is  nearly  i}i  cubic  yard  (it  is  if 3  per  cent  less). 
One  cubic  metre  is  nearly  35  V3  cubic  feet  (it  is  .05  per  cent  less). 
One  litre  is  over  i}^  pints  (it  is  0.57  per  cent  more). 
One  gallon  contains  above  4^  litres  (it  holds  about  i  per  cent  more). 
One  Kilolitre  (a  cubic  metre)  holds  nearly  i  ton  of  water  at  62**  F.  (i^ 
yercent  less),  or  220  J^  gallons. — One  cubic  foot  contains  28.3  litres. 

With  respect  to  weights: — The  ton  and  the  gramme  stand  at  nearly 
tipal  distances  above  and  below  the  kilogramme,  thus : — 

I  ton  is 1,016,047.5  granmies, 

I  Idlognunme  is 1,000.0  grammes, 

I  gramme i.o  gramme, 

b  the  ratio  of  about  1,000,000  :  1,000  :  i. 

One  granune  is  nearly  15^  grains  (about  ^  per  cent  less). 

One  kilogramme  is  about  2  */^  pounds  avoiidupois  (about  V4  P^  cent 
mre). 

A  thousand  kilogrammes,  or  a  metric  ton,  is  nearly  one  English  ton 
(about  I  }i  per  cent  less). 

One  hundredweight  is  nearly  51  kilogranmies  ( '/^  per  cent  less). 


EQUIVALENTS   OF  FRENCH  AND    ENGLISH   COMPOUND 

UNITS  OF   MEASUREMENT. 

Wdghtj  Pressure^  and  Measure. 

V •,                           ^  f         -672  pound  per  foot 

kJlogramme  per  metre {        ^  Jg  founds^  yanL 

pound  per  foot 1.488  kilogrammes  per  metre. 

pound  per  jrard .496  kilogramme  per  metre. 

000  kilogrammes  per  metre .300  ton  per  foot 

ton  per  foot 3333-333  kilogrammes  per  metre. 

"^  ^SL"^  ""'  '  *'''^^'  ^'  }      '5^^  ^^^  ^  °^^ 

ton  per  mile 631.0  kilogrammes  per  kilometre. 

1422.32  pK>unds  per  square  inch. 


•635  tons  per  square  inch. 
.703077  kilogramme  per  square 
millimetre. 


kilogramme  per  square  millimetre  ^ 

000  pounds  per  square  inch * 

.    ,  \        1.575    kilogrammes  per   square 

ton  per  square  mch |  ^'^         millimetre. 

kilogramme  per  square  centimetre 
0335  kilogrammes  per  square  centi- 
metre (i  atmosphere). 


pound  per  square  inch. 


1 


14.2232  pounds  per  square  inch. 

14.7  pounds  per  square  inch. 

.0703077  kilogramme  per  square 
centimetre. 

square 


pound  per  square  £90^. <       ^    ^       1^^^ 
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Weighty  Pressure,  and  Measure  {cantinued), 

kilogramme  per  square  metre 205  pounds  per  square  foot 

centimetre  of  mercury 394  inch  of  mercury. 

inch  of  mercury 2.540  centimetres  of  mercun 

centimetre  of  mercury 193  pound  per  square  inca 

pound  per  square  inch 5-i7o  centimetres  of  merauy 

gramme  per  litre 70.116  grains  per  gallon. 

grain  per  gallon 0143  gramme  per  litre. 

kilogramme  per  cubic  metre 0624  pound  per  cubic  foot 

pound  per  cubic  foot 16.020  kilogrammes  per  cubic 

tonne  ner  cubic  metre  /      '984  ton  per  cubic  metre, 

tonne  per  cuDic  metre |      ^^^  ^^^  ^^  ^^^^^  ^^^^ 

kilogramme  per  litre 10.01 6  pounds  per  gallon. 

pound  per  gallon 998  kilogramme  per  litre. 

ton  per  cubic  metre i.oi 6  tonnes  per  cubic  metr 

ton  per  cubic  yard 1-329  tonnes  per  cubic  metr 

cubic  metre  per  kilogramme 1 6.0 1 9  cubic  feet  per  pound. 

cubic  foot  per  pound 06 24  cubic  metre  per  kilogi 

(    1.329  cubic  yards  per  ton. 
cubic  metre  per  tonne <    i-794  cubic  feet  per  cwt 

(  35.882  cubic  feet  per  ton. 

cubic  yard  per  ton .752  cubic  metre  per  tonne 

cubic  foot  per  cwt 557  cubic  metre  per  tonne 

cubic  foot  per  ton 0279  cubic  metre  per  tonn 

Volume,  Area,  and  Length, 

cubic  metre  per  lineal  metre  1.196  cubic  yards  per  lineal ; 

cubic  yard  per  lineal  yard 836  cubic  metre  per  lineal 

cubic  metre  per  square  metre 3-281  cubic  feet  per  square  f 

cubic  foot  per  square  foot 3.048  cubic  metres  per  square 

litre  per  square  metre 0204  gallon  per  square  foo' 

gallon  per  square  foot 48.905  litres  per  square  metre 

j"     .405  cubic  metre  per  acre, 
cubic  metre  per  hectare X      .529  cubic  yard  per  acre. 

(  89.065  gallons  per  acre. 

cubic  metre  per  acre •  2.47 1  cubic  metres  per  hecta 

cubic  yard  per  acre 1.902  cubic  metres  per  hects 

000  gallons  per  acre 11.226  cubic  metres  per  hects 

Work, 

kilogrammetre  (^  x  w) 7-233  foot-pounds. 

foot-pound 138  kilogrammetre. 

cheval-vapeur,  or  cheval  (n^ky.vi\         or    1 

persecond) /     -^^^S  horse-power. 

horse-power 1-0139  chevaux. 

kilogramme  per  cheval 2.235  pounds  per  horse-powe 

pound  per  horse-power 447  kilogramme  per  cheval 

square  metre  per  cheval 10.913  square  feet  per  horse-p 

square  foot  per  horse-power .0916  square  metre  per  che 

cubic  metre  per  cheval 35.806  cubic  feet  per  horse-pc 

cubic  foot  per  horse-power 0279  cubfc  metre  per  chev; 


/ 

I 

t 
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Il^a/. 


calorie,  or  French  unit 

EDgiish  heat-unit 

mechanical  equivalent  (425  ) 

Uqgrammetres) j 

mechanical  equivalent  (772  ) 

ibot-pounds) / 

calorie  per  squiare  metre. 

iieat-unit  per  square  foot 

calorie  per  kOogramme 

lieat-anit  per  pound 


3.968  English  heat-units. 
.252  calorie. 
3074    foot-pounds  =  774.70    foot- 
pounds per  English  unit 

10.67    kOogrammetres. 

.369  heat-unit  per  square  foot 
2.713  calories  per  square  metre. 
1. 800  or  9/^  heat-units  per  pound. 

•5555  or  5/9  calorie  per  kilo- 
gramme. 


Speed,  &*c. 


{ 


metre  per  second 

[ildkxnetie  per  hour 

foot  per  second,  or  per  minute \ 

|i  Bile  per  hour 

^icabk: metre  per  second, * 

I  cable  foot  per  second,  or  per  minute  < 

icobic  metre  per  minute 

I  cidic  jard  per  minute 


per 


3.281  feet  per  second. 
196.860  feet  per  minute. 
2.236  miles  per  hour. 
.621  mile  per  hour. 
.305  metre  per  second,  or 

minute. 

.447  metre  per  second. 

1.609  kilometres  per  hour. 

35.316  cubic  feet  per  second. 

119         cubic  feet  per  minute. 

.0283  cubic  metre  per  second, 

or  per  minute. 
1.308  cubic  yards  per  minute. 
.  765  cubic  metre  per  minute. 


2119 


Money, 


I  iiaDc  per  kilogramme 


1  pcDBT  per  poimd 

2  di&ng  per  pofond 

lijiilfiDgpa-cirt..  or  ^i  per  ton...  \ 
ifeiacper  qniiixal 


i^zncpermenc.. 

I  shining  per  yard 


i^\ 


( 
{ 

{ 
{ 


4.320  pence  per  pound. 
.360  shilling  per  pound. 
40.320  shillings  per  cwt,  or 
;<C4o.32  per  ton. 
.231  franc  per  kilogramme. 
2.772  franc  per  kilogramme. 
24.802  francs  per  tonne. 
2.48  francs  per  quintal. 
.403  shilling  per  cwt 
.484  penny  per  cwt 
.806  shilling  per  ton. 
.726  shilling  per  yard. 
8.709  pence  per  yard. 
1.378  francs  per  metre. 
.06386  £,  per  mile. 
15.326  pence  per  mile. 
15.660  francs  per  kilometre. 
.0652  franc  per  kilometre. 
7.963  pence  per  square  yard. 
.6636  shilling  per  square  yard. 
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I  shilling  per  square  yard 1.510  francs  per  square  metre. 

^i  per  square  yard 30.194  francs  per  square  metre. 

{.270  penny  per  cubic  foot 
•0303  £  per  cubic  ysuxL 

I  penny  per  cubic  foot 3. 708  francs  per  cubic  metre. 

I  penny  per  cubic  yard 137  franc  per  cubic  metre. 

I  shilling  per  cubic  yard i  .648  francs  per  cubic  metre. 

£1  per  cubic  yard 32.962  francs  per  cubic  metre. 

I  franc  ner  litre  i  4^.270  pence  per  gallon. 

I  tranc  per  litre |    3.606  shillings  per  gallon. 

I  fiunc  per  hectolitre 1-893  shillings  per  hogshead  (1 

I  shilling  per  hogshead 528  franc  per  hectolitre. 


GERMAN   EMPIRE. — ^WEIGHTS  AND  MEASURES. — ^Tables  Na  4 

From  the  ist  January,  1872,  the  French  metric  system  of  weights 
measures  became  compulsory  throughout  the  German  Empire,  as  foDoi 

• 

I.  German  Measures  of  Length. 

French  Measure. 

I  Strich  =  I  millimetre. 

10  Strichs I  New-Zoll  =  i  centimetre. 

100  New-ZoUs I  Stab  =  i  metre. 

10  Stabs I  Kette  =  i  dekametre. 

100  Kettes I  Kilometre  =  i  kilometre. 

''^"°»"'- ■«"'     -{'"°«T^^" 

II.  German  Measures  of  Surface. 


I  Quadrat-Stab  =  i  square  metre 

100  Quadrat-Stabs i  Ar  =       100  square  metre 


III.  German  Measures  of  Capacity. 

I  Schoppen  =         j4  litre. 

(Beer  Measure.) 

2  Schoppens i  Kanne  =        i  litre. 

50  Kannes i  Scheffel  (bushel)  =  {  ^°,^^l'i^^,^^  b« 

r,  1.  m  T7      /     1  \  I    I  hectolitre,  or 

'  Scheffels i  Fass  (cask)  =  |  ^^^^  ^^^^^ 

The  kanne  is  further  divided  into  measures  of  }^  kanne,  }i  kanne 
Vx6  kanne. 
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IV.  German  Measures  of  Weight. 

I  Milligramm     =         i  milligramme. 

10  Milligramms i  Centigiamm    =         i  cendgiamme. 

loCenagnunms i  Dezigramm     =         i  decigramme. 

,00  Deagiamms i  New-Loth       =  /    '°  grammes,  or 

I       -35273  ounce. 
I  500  grammes,  or 

50  New-Loths. i  Pfimd  =  <        ^  kilogramme,  or 

(      1. 1023  pounds  avoirdupois. 

.00  Pfimds I  Centner  =  \    5°  kaogrammes,  or 

(  110.23  pounds  avoirdupois. 

3  Centners, or  )  Tonne  =  i  ^°°  kilogrammes,  or 

100  Pftrnds         j   ■"  ~  \  220.46  pounds  avoirdupois. 


OLD  WEIGHTS  AND  MEASURES  OF  THE  GERMAN  STATES. 

ITicse  vary  for  every  state.  The  chief  measures  of  length  are  the  Fuss, 
I  the  Elle,  of  which  the  second  is  in  general  twice  the  first  The 
owiog  are  the  values  of  the  Fuss,  which  is  the  German  foot,  in  the 
idpal  states. 

UJEs  OF  THE  German  Fuss  in  the  States  and  Free  Towns  of 
THE  German  Empire. — ^Table  No.  44. 


Prussia 

Bavaria 

Wiirtemberg 

Saxony 

Baden 

MecklenbuTg-Schwerin 

Hesse-Darmstadt 

Hesse-Cassel 

Oldenburg 

Brunswick 

Hanover 

Mecklenbuig-Strelitz 

Anhalt 

Saxe-Cobuig-Gotha 

Saxe-AltenlMirg 

Waldeck 

Lippe 

Schwarzburg-Rudolstadt 

Schwarzburg-Sondershaosen : — 

(i)  High  Sovereignty  and  Amstadt ... 

(2)  LowSovereignty  and  Sondershausen 

Reuss 

Schaumburg-Iippe 

Hamburg 

Lobeck 

l^pemen 


2.356  inches. 
1. 49 1 
1.279 
1. 149 
1.811 

1.457 

9843 
1.328 
1.649 

1235 
1.500 

1.457 
2-356 

1.324 
1. 122 

1. 512 

1.39S 

5.047 


1. 149 

I-33I 
1.280 

1.42 1 

1.283 

1.324 
1.392 

U 


»» 


>» 


ft 


»f 


>9 


99 


II 


II 


99 


99 


»f 


ff 


If 


II 


II 


II 


11 
19 
II 
l» 
91 
II 
99 
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KINGDOM  OF  PRUSSIA.— Old  Weights  and  Measures.- 

Tables  No.  45. 

I.  Prussian  Measures  of  Length. 

English  Measure. 

I  Linie      =  .0858  inch. 

12  Linien i  Zoll         =  1.0297  inches. 

'7  n  T?  J      12.356  inches,  or 

12  Zoll I  Fuss       =<  ^..  r«  * 

(        1.0297  feet. 

2  Fuss I  Elle        =  2.0596  feet 

,\  fJS"'"'} '  ^"^^^    =  4.1192  yards. 

Used  by  Miners, 

I  Lachterlinie  =   .0927  inch. 

I  o  Lach terlinien i  Lachterzoll    =   .9268  inch. 

10  LachterzoII i  Achtel  =   .7723  foot 

8  Achtels,  or     I  t     u^  -  i:       j 
5  p^55     '         I I  Lachter         =2.0596  yards. 

9  Fuss I  Spanne  =6.1788  yards. 

Surveyor^  Measure, 

I  Scrupel  =   .0148  inch. 

10  Scrupel  I  Linie  =   .1483  inch. 

10  Linien i  Zoll  =  1.4828  inches. 

10  Zoll I  Land-Fuss  =1.2356  feet 

10  Land-Fuss i  Ruthe  =  4. 1192  yards. 

2000  Ruthen i  Meile  =4.6809  miles. 

II.  Prussian  Measures  of  Surface. 

I  Square  Linie  =     .00736  square  in 

144  Square  Linien i  Square  Zoll  =    1.0603  square  inc 

144  Square  Zoll i  Square  Fuss  =    1.0603  square  fee 

144  Square  Fuss i  Square  Ruthe  =16.967  square  yarc 

180  Square  Ruthen...   i  Morgen  =     .63103  acre. 

30  Morgen i  Hufe  =18.931  acres, 

III.  Prussian  Measures  of  Volume. 

Cubic  Measure, 

I  Cubic  Linie  =     .000632  cubic  in< 

1728  Cubic  Linien....   i  Cubic  Zoll  =    1.092  cubic  inches 

1728  Cubic  Zoll I  Cubic  Fuss  =    1.092  cubic  feet 

1728  Cubic  Fuss I  Cubic  Ruthe  =69.893  cubic  yards. 

For  measuring  stone  and  brickwork,  earth,  peat,  fascines,  and  fire 
the  following  are  used : — 
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I  Cubic  Klafter,  or 
108  Cubic  Fuss 

4j<Klafters i  Haufe 

iSchachnithe  (in  architecture)  144  Cubic  Fuss 


[  =117.93  cubic  feet 


530.70 
157.25 


9y 


IV.  Prussi/in  Measures  of  Capacity. 


4  Masschen,or 

3  Quarts 

4MetzeD 

4Viertel,or ) 

48  Quarts      f 

4  Schefieln 


} 


Dry  Measure. 

I  Maasche 
I  Metze 
I  Viertel 
I  Scheffel 


Tonne 


-{ 


4dcnenem i  lonne 

3  Tonnes,  or    )  ^. 

uScheflfeln       /  ^  ^^^^' 

5  Malters,  or  )  ^ 

6oScheffeln    j  '  ^^^ 


.7560  quart 

3.0242  quarts. 

3.0242  gallons. 
1.5121  bushels,  or 
1. 94 1  cubic  feet 
6.0484  bushels. 

2.26815  quarters. 


=      11.3407  quarters. 


TTie  Tonne  in  the  table  is  the  measure  for  salt,  lime,  and  charcoal. 
A  Tonne  of  fiax-seed  is  2.354  Schefifeln. 

Liquid  Measure  (for  Wine  and  Spirits). 


32  Cubic  ZoU I  Ossel 

2  Ossel I  Quart 

g^'" } ■*»"" 

2  Ankers i  Eimer 

2  Elmers i  Ohm 

5|SS'"  } ■o»w» 

2^°'} '^^ 


1.0079  pints. 
1.0079  quarts. 

7-559  gallons. 

15.118       „ 
30.237       „ 

45-355 


=  181.422 


» 


n 


V.  Prussian  Measures  of  Weight. 


I  Com  = 

10  Corns. I  Cent  = 

10  Cents I  Quentche  = 

10  Quentchen i  Loth  = 

30  Loth I  ZoUpfund  = 

100  Zollpfund I  Centner  = 

20  Zollpfund I  Stein  = 

3  Centners i  Schififspfund  = 


4. II 5  grains. 

.09406  dram. 

.9406  dram. 

.588  ounce. 

1. 1023  pounds. 

110.23  pounds. 

22.046  pounds. 


330.69  pounds,  or 
2.506  hundredweights. 

4oCentnexs... x  Schiffslast    ={^^%^;?ot'' 

lie  ToDne  of  coals  is  2270  pounds  avoirdupois,  or  1.013  tons. 


l64  WEIGHTS  AND  MEASURES. 

KINGDOM  OF  BAVARIA. — Old  Weights  and  Measures.— 

Tables  No.  46. 

I.  Bavarian  Measures  of  Length. 

I  Linie    =   .0798  inch. 

12  Linien i  Zoll       =   .95756  inch, 

12  Zoll I  Fuss     =   .95756  foot 

6  Fuss I  Klafter  =  5.74536  feet 

10  Fuss I  Ruthe  =9.5756  feet 

In  surveying,  the  Fuss  is  divided  into  10  Zoll,  and  i  Zoll  into  10  link 
The  Elle  contains  2  Fuss  loj^  Zoll,  =  2.733  ^^^^ 

II.  Bavarian  Measures  of  Surface. 

I  Square  Zoll  =  .91692  square  ind 

144  Square  Zoll ....     i  Square  Fuss  =  .91692  square  foot 

100  Square  Fuss  ...     i  Square  Ruthe  =         10.188  square  yards. 

400  Square  Ruthen  {  '  ^^TuSiert  *'''"'  }  =  {  '''''tl  ^'  ^ 

III.  Bavarian  Measures  of  Volume. 

I  Cubic  Zoll  =  .878  cubic  inch 

1728  Cubic  Zoll I  Cubic  Fuss=  .878  cubic  foot 

1 26  Cubic  Fuss  (6  X  6  X  3  j^  Fuss)  i  Klafter        =/  "0-628  cubic  feej 

IV.  Bavarian  Measures  of  Capacity. 

Dry  Measure, 

I  Dreisiger=   .12745  peck. 

4  Dreisigers i  Maassl     =   .12745  busheL 

4  Maassls i  Viertel     =   .5098  busheL 

2  Viertel i  Metze      =  1.0196  bushels. 

6  Metzen i  Schaffel   =  6. 1 1 76  bushels. 

4Schaffel i  Muth       =  3.0588  quarters. 

Liquid  Measure, 

I  Maaskanne=       .23529  galloa 

64  Maaskannen i  Eimer         =    15.05856  gallons. 

25  Euner i  Fass  =376.464  gallons. 

The  Schenk-Eimer,  ordinarily  used  in  the  Wine  trade,  contains  o 
'^o  Maaskannen,  equal  to  14. 11 74  imperial  gallons. 

V.  Bavarian  Measures  of  Weight. 

I  Quentchen=  .15433  ounce. 

4  Quentchen i  Loth  =  .6173  ounce. 

32  Loth I  Pfund         =         1.23457  pounds. 

100  Pfund I  Centner     =  [  ^^3-457  P^^^^^^f*  o^  .  ^ 

(      1. 102  hundredwei^t! 


^^%rrr 


WURTEMBERG. — LENGTH,    SURFACE,    ETC.  1 65 

*•    KINGDOM  OF  WURTEMBERG.— Old  Weights  and  Measures.— 
-  Tables  No.  47. 

I.    WURTEMBERG   MEASURES  OF  LENGTH. 

I  Punkte  =  .01128  inch. 

loPimkte I  Linie  =  .ii28inch. 

loLinicn i  ZoU  =  1.128  inches. 

loZoU I  Fuss  =  .93995  foot 

10  Fuss I  Ruthe  =  9.3995  feet 

2.144  Fuss I  Elle  =  2.015  feet 

6  Fuss I  Klafter  =  5.6397  feet 

26,000  Fuss I  Meile         =  i  8146.25  yards  or 

(       4.6285  miles. 

II.    WURTEMBERG   MEASURES  OF  SURFACE. 

I  Square  ZoU     =  1.272  square  inches. 

100  Square  ZolL i  Square  Fuss    =  -8835  square  foot 

iooS(^]are  Fuss i  Square  Ruthe  =         88.3506  square  feet 

384  Square  Ruthen...  i  Moigen  =  1 3769626  square  yards,  or 

^  ^^  o  I         .779  acre. 

IIL   WURTEMBERG  MEASURES  OF  VOLUME. 

I  Cubic  Linie     =       .001434  cubic  inch. 

1000  Culnc  Linien i  Cubic  Zoll        =      1.434  cubic  inches. 

1000  Culnc  Zoll I  Cubic  Fuss      =       .83045  cubic  foot 

144  Cubic  Fuss I  Cubic  Klafter  =  119.583  cubic  feet 

IV.   WURTEMBERG   MEASURES  OF   CAPACITY. 

ZVy  Measure. 

I  Viertlein  =   .305  pint 

4Viertlein i  Ecklein  =  1.2 19  pints. 

8  Ecklein i  Vierling  -  1.2 19  gallons. 

4Vieriing i  Simri  =  4.876  gallons. 

8Simri I  Scheffel  =  4.876  bushels. 

Liquid  Measure 

I  Quart  or  Schoppen  =       .4043  quart 
4  Quarts i  Helleich  Maass       =      1.6 173  quarts. 

10  Helleich  Maass i  Imi  =     4.0433  gallons. 

16  Imi I  Eimer  =   64.6928  gallons. 

6£i]ner i  Fuder  =388.1568  gallons. 

V.   WtJRTEMBERG   MEASURES  OF  WEIGHT. 

I  Quentchen     =        .1289  ounce. 

4Quentcheii i  Loth  =        ,5156  ounce. 

32  Loth I  Light  Pfiind  =       1.03 115  pounds. 

;:;  1571S'..":}  ^  ^^^^   =  ^-rn¥>  pounds. 

100  L$it  Pfiind ~  103.1 15  pounds. 


1 66  .  WEIGHTS  AND  MEASURES. 

KINGDOM  OF  SAXONY.— Old  Weights  and  Measures.- 

Tables  No.  48. 

I.  Saxon  Measures  of  Length. 

I  Linie  =     .07742  inch. 

2  Linien i  Zoll  =     .9291  inch. 

12  ZoU I  Fuss  =    .9291  foot 

2  Fuss I  Elle  =  1.8582  feet. 

2  Ellen I  Stab  —  3.7165  feet 

15  Fuss,  2  Zoll I  Ruthe  (Land  Measure)  «  4-6972  ys 

16  Fuss I  Ruthe  (Road  Measure)  =  4.955372 

I  Lachter  (Mining)  =  2.1873  J^ 

1324.987  Ellen I  Meile  Post  =  4.660411] 

II.  Saxon  Measures  of  Surface. 

I  Square  Zoll    =     .8632  square  inc 

144  Square  Zoll i  Square  Fuss   =     .8632  square  fo( 

300  Square  Ruthen i  Acker  =  1.4865  acres. 

III.  Saxon  Measures  of  Volume. 

I  Cubic  7/Oll  =       .8021  cubic  ind 

1728  Cubic  Zoll I  Cubic  Fuss  =       .802 1  cubic  foot 

108  Cubic  Fuss I  Klafter  =   86.624  cubic  feet 

3  Klafter i  Schragen  =  259.873  cubic  feet 

The  Klafter  is  6  Fuss  by  6  Fuss  by  3  Fuss.     The  Schragen  is  \ 
the  measurement  of  firewood. 

IV.  Saxon  Measures  of  Capacity. 

Dry  Measure. 

I  Maasche  =    1.4463  quarts. 

4  Maaschen i  Metze  =    1.4463  gallons. 

4  Metzen i  Viertel  =   5.7852  gallons. 

4  Viertel i  Scheffel  =    2.8926  bushels. 

12  Scheffel i  Malter  =34.7124  bushels. 

2  Malter i  Wispel  =  69.4249  bushels. 

Liquid  Measure, 

I  Quartier  =       .2059  pint 

4  Quartier i  Nossel  =       .8237  pint 

2  Nossel I  Kanne  =      1.6474  pints. 

36  Kannen i  Anker  =  7.4237  gallons. 

2  Anker i  Eimer  =  14.8262  gallons. 

3  Eimer i  Oxhoft  =  44.4687  gallons. 

6  Eimer i  Fass  or  Barrel  =  88.9374  gallons. 

V.  Saxon  Measures  of  Weight. 
The  old  Saxon  measures  of  weight  are  the  same  as  those  of  Pniss 


BADEN. — ^LENGTH,  SURFACE,   ETC  167 

GRAND  DUCHY  OF  BADEN.— Old  Weights  and  Measures.— 

Tables  No.  49. 

I.  Baden  Measures  of  Length. 

I  Punkte  =     .0118  inch. 

loPunkte i  Linie  =     .118  inch. 

10  LJnien i  Zoll  =  1. 181  inches. 

loZoll I  Fuss  =     .9842  foot 

2  Fuss I  Elle  =  1.9685  feet. 

10  Fuss I  Ruthe  =  9.8427  feet 

6  Fuss I  Klafter    =       5.9055  feet 

14814.815  Fuss I  Stunde    =  4860.59  yards. 

2  Stunden i  Meile      =       5.5234  miles. 

II.  Baden  Measures  of  Surface. 

I  Square  Zoll  =  1-395  <  square  inches. 

100  Square  Zoll i  Square  Fuss  =  .9688  square  foot 

100  Square  Fuss i  Square  Ruthe  =  10.7643  square  yards. 

100  Square  Ruthen...  i  Viertel  =  1076.43  square  yards. 

4  Viertel i  Moigen  =  /  «0S-72  square  yards,  or 

^  I         .8896  acre. 

III.  Baden  Measures  of  Volume. 

I  Cubic  Fuss   =         '95335  cubic  foot 
144  Cubic  Fuss I  Klafter  =    137.28  cubic  feet 

IV.  Baden  Measures  of  Capacity. 

Liquid  Measure, 

I  Glass     -  1.0563  gills. 

10  Glass I  Maass  =  1.3204  quarts. 

10  Maass i  Stutze  =  3.3014  gallons. 

10  Stutzen I  Ohm     =  33.014  gallons. 

10  Ohm I  Fuder  =  330.14  gallons. 

Ihy  Measure, 

I  Becher  =       .2643  P"^^ 

10  Becher i  Maasslein  =       .1652  peck. 

10  Maasslein i  Sester  =       •4127  bushel 

10  Sester  i  Malter  =     4. 1 268  bushels. 

10  Maker i  Zuber  =  41.2679  bushels. 

V.  Baden  Measures  of  Weight. 

I  As  =       .7716  grain. 

10  As I  Pfennig     =      7.716  grains. 

10  Pfennig i  Centas      =       .1764  ounce. 

10  Centas i  Zehnling   =      1.7637  ounces. 

loZehnling i  Piund       =     1. 1023  pounds. 

100  Pfund I  Centner    =110.230  pounds. 


l68  WEIGHTS  AND  MEASURES. 

THE   HANSB  TOWNS. — Old  WEIGHTS  AND  MEASURES.— 

Tables  No.  50. 

HAMBURG. — ^Weights  and  Measures. 

I.  Hamburg  Measures  of  Length. 

I  Achtel  =  .1175  inch. 

8  Achtel I  Zoll  =  .9402  inch. 

12  Zoll I  Fuss  =  .9402  foot 

2  Fuss i  Elle  =  1.8804  feet 

6  Fuss i  Klafter,  or  Faden  =  5.6413  feet 

14  Fuss I  Marsch-Ruthe  =  13.1629  feet 

16  Fuss I  Geest-Ruthe  =  1 5.0434  feet 

The  Hamburg  Elle  above  is  used  for  silk,  linen,  and  cotton  goods. 
Brabant  Elle  is  equal  to  i  Vs  Hamburg  Elle;  and  4  of  them  are  redo 
equal  to  3  yards.    The  Prussian  Ruthe  is  also  used.    The  Prussian  F% 
used  in  surve)dng. 

II.  Hamburg  Measures  of  Surface. 

I  Square  Zoll  =  .8840  square  in 

144  Square  Zoll....  i  Square  Fuss  =  .8840  square  fe 

196  Square  Fuss...  i  Square  Marsch-Ruthe  =  173.26  square  fe^ 

256  Square  Fuss...  i  Square  Geest-Ruthe  =  226.30  square  feet 

200 Square Geest- )     g^^  g.  j  CeestLand  =  /   5028.98  square  yan] 

Ruthen J  (  i-o39  acres. 

600  Sq.  Marsch- )     vr  ^  (  "550-93  square  yard 

Ruthen...  J            ^  (  2.386  acres. 

III.  Hamburg  Measures  of  Volume. 

I  Cubic  Zoll  =     .8311  cubic  inch. 

1728  Cubic  Zoll I  Cubic  Fuss         =     .8311  cubic  foot 

88.9  Cubic  Fuss....  I  (Cubic)  Klafter  =  73.88  cubic  feet 
120  Cubic  Fuss I  Tehr  =99-73  cubic  feet 

IV.  Hamburg  Measures  of  Capacity. 

Liquid  Measure, 

I  Ossel  =  .09965  gallon. 

2  Ossel I  Quartier  =  .1993  gallon. 

2  Quartier i  Kanne  =  .3987  gallon. 

2  Kannen i  Stubchen  =  .7974  gallon. 

I  Stubchen i  Viertel  =  1.5947  gallons. 

4  Viertel i  Eimer  -  6.3788  gallons. 

5  Viertel i  Anker  =  7.9735  gallons. 

6  Eimer i  Tonne  =  38.2728  gallons. 

4  Anker i  Ohm  =  31.8940  gallons. 

6  Anker i  Oxhoft  =  47.8410  gallons. 

6  Ohm I  Fuder,  or  Tonneau  =  191 .3640  gallons. 

The  above  are  measures  for  Wines  and  Spirits.     For  Beer,  there 
three  sizes  of  Tonne,  containing  respectively  48,  40,  and  32  Stubchen. 


HAMBURG. — WEIGHTS. 

Dry  Measure, 

I  Small  Maass  = 

2  Small  Maass i  Large  Maass  = 

4  Large  Maass i  Spint  = 

4Spint I  Himten  = 

2  Himten. i  Fass  = 

2  Fass I  SchefFel  = 

loScheffeln i  Wispel 

3  Wispel I  Last 

For  barley  and  oats,  the  SchefFel  contains  3  Fass. 

V.  Hamburg  Measures  of  Weight. 
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.0236 

•0473 
.1890 

.7560 

1.5121 

3.0242 

30.2416 

90.7248 


bushel. 

bushel. 

bushel 

bushel. 

bushels. 

bushels. 

bushels. 

bushels. 


I  Half  Gramme 
oHalfGrammen  i  Quint 

BQmnten i  (New)  Unze 

)  ^I'ew)  Unzen..  i  (New)  Pfund 
» (New)  Pfund  i  Centner 


.0011  pound    =.5  gramme. 

.01 102  pound  =  5  grammes. 

.11023  pound  -50 

1. 10232  pounds  =  500 

110.232  pounds     =     50  kilog. 


>i 


>» 


Centners. i  (Commercial)Last  =  {  ^ort 95^0^'' }  =3°o°J^''o«- 

This,  it  is  apparent,  is  a  metric  system  of  weights,  which  was  comparatively 
centlT  introduced  and  adopted  at  Hamburg.  It  is  now,  of  course,  over- 
led  by  the  French  metric  system  enforced  for  the  German  Empire. 


BREMEN. — Old  Weights  and  Measures. 

The  Fuss  is  equal  to  11.392  inches,  and  the  Klafter  is  equal  to  5.696 
ct  The  Moigen  =  .6368  acre.  The  principal  measures  for  wines  and 
ffits  are  the  Viertel=  1.56  gallons;  the  Anker  =  5  Viertels  =  7.80  gallons; 
e  Oxhoft  =  46.80  gallons.  The  Scheffel,  for  dry  goods  =  2.0388  bushels. 
be  old  weights  are  the  same  as  those  of  Hamburg. 


LUBEC. — Old  Weights  and  Measures. 

The  Fuss  is  equal  to  11.324  inches.  The  Viertel=i.6o  gallons;  the 
ikcr = 8  gallons ;  the  Oxhoft  =  48.04  gallons.  The  Scheffel,  for  dry  goods, 
.9545  bushel  The  old  Pfund  =1.0725  pounds,  and  the  Centner  = 
3725  cwts. 


ERMAN   CUSTOMS   UNION.— Old  Weights  and  Measures.— 

Table  No.  51. 

Centner..., 110.23  pounds  (50  kilogrammes). 

Ship-Last  of  timber about  80  cubic  feet. 

Scheffel 1.512  bushels. 

Klafter 6  feet. 

In  Oldenbiiig,  Hanover,  Brunswick,  Saxe-Altenbourg,  Birkenfeld,  Anhalt, 
ikkck,  Renss,  and  Schaumbuig-Lippe,  the  old  system  of  weights  is  the 
De  as  that  of  Prussia. 


I/O 


WEIGHTS  AND  MEASURES. 


AUSTRIAN  EMPIRE. — WEIGHTS  AND  MEASURES. — ^Tables  No.  S» 


I.  Austrian  Measures  of  Length. 

I  Punkte  =  .0072  inch. 

12  Punkte I  Linie  =  .0864  inch. 

12  Linien i  ZoU  =  1.0371  inches. 

12  ZoU I  Fuss  =  1.037 1  feet 

2  Fuss i  Elle  =  2.0742  feet 

6  Fuss i  Klafter  =  6.2226  feet 

4000  Klafter x  Meile(post)=  {  '''H^'^l^ 

II.  Austrian  Measures  of  Surface. 

I  Square  ZoU        =  1.0756  squareindK 

144  Square  Zoll i  Square  Fuss       =  1.0756  square  feet 

36  square  Fuss x  Square  Klafter  =  {     38.7«5  squaref^ 

fo  i?S  S"'  "    }  '  ^^^  ^"*«  =         35.854  square  y«d. 

64  Square  Ruthen  i  Metze  =      2294.7  square  yards. 

3  Metzen,  or  I     To  h  =  i  ^^^^  square  yards,  or 

1600  Square  Klafter |  ^  J  ^  "  \        1.4223  acres. 

III.  Austrian  Measures  of  Volume. 

Cudu:  Measure. 

I  Cubic  Zoll       =         I- 1 1 55  cubic  inches. 
1728  Cubic  Zoll I  Cubic  Fuss       =         i-ii55  cubic  feet 

,x6  Cubic  Fuss....   X  Cubic  Klafter  =  {  ^tJ^rcuS/'j^dt 

IV.  Austrian  Measures  of  Capacity. 

Dry  Measure, 

8  Probmetzen i  Becher  =         .8460  pint 

4  Becher  i  Futtemiassel   =        1.6920  quarts. 

2  Futtermassel i  Muhlmassel     =  j    '^'ff  ^",^^'  ^^ 

\      .0400  gallon. 

2  Muhlmassel i  Achtel  =        1.6920  gallons. 

2  Achtel I  Viertel  =  (    3-3840  gallons,  or 

(      .4230  bushel. 

4  Viertel i  Metze  =       i. 691 8  bushels. 

3°«««» -Mu*      -  { '2:5St 'q^S^" 


AUSTRIAN   EMPIRE. — CAPACITY,  \S^IGHTS.  I/l 

Liquid  Measure, 

I  Pfiff       =[      ^''^^^  ^"^'  ^^ 

\    10.781  cubic  inches. 

2  PfiflF I  Seidel    =  [      ^^91  cubic  inches,  or 

(       .0229  pint 

2  Seidel i  Kanne  =  1.2457  pints. 

2  Kannen i  Mass  =  1.2457  quarts. 

10  Mass I  Viertel  =  3.1 143  gallons. 

4  Viertel i  Eimer  =  12.4572  gallons. 

32  Eimer i  Fuder  =  398.6304  gallons. 

V.  Austrian  Measures  of  Weight. 

4  Pfenning i  Quentchen    =         2.4694  drams. 

4  Quentchen...  i  Loth  =  |      9-8776  drams,  or 

1  Loth I  Unze  =         1-2347  ounces. 

4  Unzen i  Vierdinge      =         4.9388  ounces. 

XT' J-  Ttjr    1  /      98776  ounces,  or 

2  Vierdinges ...  i  Mark  =  |      5/^77^  ^^^^  'avoiidupois. 

^  , J       *      >..  I  Pfund  =         1.2347  pounds  avoirdupois. 

,00  Pfund I  Centner        =  |  "3-47  pounds  avoirdupois,  or 

V.V  L*i^  ^      1. 1 024  hundredweights. 

n  1S531  a  pfiind  of  500  grammes,  with  decimal  subdivisions,  was  adopted 
customs  and  fiscal  purposes. 


RUSSIA. — Weights  and  Measures. — Tables  No.  53. 
I.  Russian  Measures  of  Length. 

English  Equivalent 

I  Vershok  =  1.75  inches. 

16  Vershoks i  Arschine  =         28  „ 

3  Arschines    i  Sajene     =  7  feet. 

i  3500  feet,  or 

500  Sajenes i  Verst       =  <  1166^  yards,  or 

(        0.6629  mile. 

Tie  Fuss,  or  Russian  foot,  is  13.75  inches;  but,  since  1831,  the  English 
of  1 2  inches  has  been  used  as  the  ordinary  standard  of  length,  each 
1  being  divided  into  12  parts. 


I  Lithuanian  Meile 5-5574  English  miles. 

} 


I  Rhein  Fuss,  used  in  calculating  )      ,  ^.  ^ ,.  .   ,  ^^ 

export  duties  on  timber  ^      '^^  English  feet 
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II.  Russian  Measures  of  Surface. 

9  Square  Arschines..  i  Square  Sajene     =  <         ^?  ^^^f,,™*  ^ 

I  5'444  square 

2400  Square  Sajenes i  Desatine  =  {  '^'°^l^''^^^  * 

III.  Russian  Measures  of  Capacity. 
Liquid  Measure, 

10  Tscharkeys i  Kruschka  =         1.0820  quartSi 

1 00  Tscharkeys i  Vedro  =         2. 7049  gallom 

3  Vedros i  Anker  =         8.1147       » 

%  v!  Anke^  }  ••••  '  Sarokowaja  Boshka   =     108.196         „ 

Dry  Measure  (Grain). 

I  Gamietz        =  2.885  quarts. 

2  Gamietz i  Tschetwerka  =  1.4424  gallons. 

4  Tschetwerkas...  i  Tschetwerik  =  .7213  bushel 

2  Tschetweriks. . . .  i  Pajak  =  1.4426  bushels. 

2  Pajaks I  Osmin  =  2.8852       „ 

2  Osmins i  Tschetwert*   =  5.7704       „ 

16  Tschetwerts         i  Last  -  /  "'5408  quarters,  or 

10  ischetwerts i  Last  -  ^    1.154  imperial  lasts. 

*  A  Tschetwert  is  usually  reckoned  as  5^  bushels,  and  100  Tschetwerts  as  72  quaiterS^ 
though  they  are  more  exactly  72.1308  quarters. 
100  quarters  are  equal  to  138.637  Tschetwerts. 

For  earthworks,  masonry,  &c.,  the  Sajene  is  divided  into  tenths  (dessiatka)^ 
hundredths  (sotka),  and  thousandths  (tisiatchka),  which  are  used  as  a  basi^ 
for  lineal,  superficial,  and  cubic  measurements,  similarly  to  the  French 
metre  with  its  sub-multiples. 

IV.  Russian  Measures  of  Weight. 
I  Dolis  =  .68576  grain. 

96  DoHs I  Zolotnick  =  j     ^^ff L^in^'.""" 

(         .1505  ounce. 

3  Zolotnicks...  i  Lotti  =  -4514      » 

8  Zolotnicks...  i  Lana  =  1.2037  ounces. 

12  Lanas,  or   \  I         .90285  pound  avoirdupois,  or 

32  Lottis,  or    >  I  Funt,  or  pound  =  <      14.446  ounces,  or 

96  Zolotnicks  j  (6320  grains. 

40  pounds I  Pood  =         36.114  pounds  avoirdupois. 

-  ^<xx»^ '  Berkovitz  =  {    ^^J.-^^/Zd^^^^T^'  " 

3  Berkovitz i  Packen  =  9.672  hundredweights. 
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62.0257  Poods I  English  ton. 

2481.0268  Russian  pounds i  „ 

Tk  Pood  is  commonly  estimated  at  36  pounds  avoirdupois. 
The  Nurerobeig  pound,  used  for  apothecaries'  weight,  weig^  5527  grains, 
jiiboat  .96  pound  troy. 
The  Ship-Last  is  equal  to  2  tons. 
The  Carat,  for  weighing  pearls  and  precious  stones,  is  about  3  '/e  grains. 


HOLLAND. 

The  metric  system  was  adopted  in  Holland  in  18 19;  the  denominations 
wresponding  to  the  French  are  as  follows: — 

Z^|M. — Millimetre,  Streep;  centimetre,  Duim;  decimetre,  Palm;  metre, 
D;  decametre,  Roede ;  kilometre,  Mijle. 

Surface, — Square  millimetre,  Vierkante  Streep;  square  centimetre,  Vier- 
oste  Duim ;  and  so  on.     Hectare,  Vierkante  Bunder. 

Cubic  Measure. — Millistere,  Kubicke  Streep,  and  so  on. 

Capacity. — Centilitre,  Vingerhoed;  decilitre,  Maatje;  liquid  litre,  Kan; 
ky  litre,  Kop;  decalitre,  Schepel;  liquid  hectolitre.  Vat  or  Ton;  dry 
ectolitre,  Mud  or  Zak;  30  hectolitres  =  1  Last=  10.323  quarters. 

We^ht. — Decigramme,  Korrel;  gramme,  Wigteje;  decagramme,  Lood; 
ect(^ramme,  Onze;  kilogramme,  Pond. 


BELGIUM. 


The  French  metric  system  is  used   in   Belgium.     The  name  Livre  is 
ibstitated  for  kilogranmie,  Liiron  for  litre,  and  Aune  for  metre. 


NORWAY  AND  DENMARK. 

Weights  and  Measures. — Tables  Na  54. 

I.  Norwegian  and  Danish  Measures  of  Length. 

I  Linie  =  .0858  inch. 

12  Linier i  Tomme  =  1.0297  inches. 

12  Tommer i  Fod  =  1.0297  feet 

2  Fod I  Alen  =  2.0594 


n 
n 


:.  ?r  "     }  ^  ^^^             =          "3567    » 

2,000  Roder,  or  )  j^m                _  f  8237.77  yards,  or 

24,000  Fod            J  \       4.68055  miles. 

23,642  Fod I  nautical  mile=           4.61072  En^ish  miles. 

IL  Norwegian  and  Danish  Measures  of  Surface. 

144  Square  Linie i  Square  Tomme  =    1.0603  square  inches. 

144  Square  Tomme...  i  Square  Fod       =    1.0603  square  feet 
144  Square  Fod. i  Square  Rode     =  16.966  square  yards. 
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III.  Norwegian  and  Danish  Measures  of  Volume. 

1728  Cubic  Linier i  Cubic  Tomme  =    1.0918  cubic  indic 

1728  Cubic  Tomme....  i  Cubic  Fod         =    1.0918  cubic  feet 

The  Favn  of  firewood  measures  6x6x2  Fod  =  72  cubic  Fed* 
cubic  feet  In  forest  measure  it  is  6)4  >«  6^  x  2  Fod  =  84^  cubicl 
92.26  cubic  feet 

IV.  Norwegian  and  Danish  Measures  of  Capacity. 

Liquid  Measure, 

I  Paegle  =       .4248  pint 

4  Paegle i  Pot  =  i. 6991  pints. 

2  Potter I  Kande  =  3.3983     „ 

38  Potter I  Anker  =  8.0709  gallons, 

136  Potter I  Tonde  =  28.885         » 

6  Ankeme i  Oxehoved  =  48.4256       „ 

4  Oxehoveder i  Fad  =193.7027      „ 

Dry  Measure, 

I  Pot  =    1.699 1  pints. 

18  Potter I  Skeppe  =   3.8232  gallons. 

2  Skepper i  Fjerdingkar  =     .9558  bushel. 

4  Fjerdingkar i  Tonde  =    3.823 1  bushels. 

12  Tonder i  Laest  =45'8769       „ 

V.  Norwegian  and  Danish  Measures  of  Weight. 

I  Ort  =      7.7163  grains. 

10  Ort I  Kvint  =    77.163        „ 

100  Kvinten i  Pund  =      1. 1023  pounds. 

100  Pund I  Centner  =110.23  „ 

40  Centner i  Last  =      1.9684  tons. 

52  Centner i  Skip-Last  =      2.5590    „ 

16  Pund I  Lispund        =    17.637  pounds. 

320  Pund I  Skippund      =     3.149  cwts. 


SWEDEN. — Weights  and  Measures. — Tables  No.  55. 

I.  Swedish  Measx^es  of  Length. 

I  Linie      =  .1169  inch. 

10  Linier i  Turn       =  1.1689  inches. 

10  Turner i  Fot         =  11.6892     „ 

10  Fot I  Stang      =  9. 74 11  feet. 

10  Stanger i  Ref         =  32.4703  yards. 

360  Ref. ,Meile     =  {  "'^tg^/^fes." 

2  Fot I  Aln        =  1.942  feet 

6  Fot I  Faden    =^  5.845    „ 
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II.  Swedish  Measures  of  Surface. 

100  Square  Linier...  i  Square  Turn     =  1.3666  square  inches. 

100  Square  Turner ..  i  Square  Fot       =  '94^9  square  foot 

100  Square  Fot i  Square  Stang    =  3-5146  square  yards. 

,00 Square  Stanger    i  Square  Ref       =  { '°54-^,XS«y"^' ^"^ 

4  Square  Fot i  Square  Aln       =  3.7956  square  feet 

5.6  Square  Ret ...  I  Tunnland         =  i  5  798- 1  square  yards,  or 
^    ^  I        1. 2198  acres. 

III.  Swedish  Measures  of  Volume. 

Cubic  Measure, 

I  Cubic  Turn   =1.5972  cubic  inches. 

1000  Cubic  Turner i  Cubic  Fot     =   .9263  cubic  foot 

8  Cubic  Fot I  Cubic  Ahi     =  7.4104  cubic  feet 

Liquid  and  Dry  Measure, 

1000  Cubic  Linier i  Cubic  Turn  =     .1843  gill. 

100  Cubic  Turner i  Kanna  =    2.3096  quarts. 

10  Kanna i  Cubic  Fot  =    5.774  gallons. 

8  Cubic  Fot I  Cubic  Aln  =46.192       „ 

IV.  Swedish  Measures  of  Weight. 

I  Kom  =         .6564  grain. 

100  Kom I  Ort  =        2.4005  drams. 

100  Ort I  Skalpund    =         .9377  pound. 

.00  Skalpund I  Centner      =  {  93-77^9  Po^nds,  or 

IOC  Centner i  Ny-Last     =       4.1892  tons. 

A  Pund,  commercial,  is  .9377  pound. 

A  Fund,  freight,  is  .75016  pound. 

A  Fund,  miners'  mark  weight,  is  .8285  pound. 

A  Pund,  country  town's  mark  weight,  is  .7891  poimd. 


SWITZERLAND. — WEIGHTS  AND   MEASURES. — ^Tables  No.  56. 

I.  Swiss  Measures  of  Length. 


I  Striche. 

10  Striche iLinie... 

10  Linien i  ZoU 

10  Zoll I  Fuss  ... 

2  Fuss 1  Elle  .... 

6  Fuss I  Klafter 

10  Fuss I  Ruthe.. 


1600  Ruthen  ....  i  Schweizer-stunde,  or  Lien  = 


.01181  inch. 

.11811     „ 
1.18112  inches. 
11.81124      „ 
1.9685  feet 

5-9056    » 
9.8427    „ 

f  5249.44  yards,  or 

(        2.9826  miles. 
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II.  Swiss  Measures  of  Surface. 

I  Square  ZoU        =       1-3947  square 

100  Square  2k)ll i  Square  Fuss       =         .9688  square  foot 

36  Square  Fuss i  Square  Klafter  =     34.8768  square  feet 

100  Square  Fuss i  Square  Ruthe    =     10.7643  square  yards 

400  Square  Ruthen. .  i  Juchart  =         .8694  acre. 

6400  Jucharten i  Square  Stunde  =  5693.52  acres. 

350  Square  Ruthen i  Juchart,  of  meadow  land. 

450  Square  Ruthen i  Juchart,  of  woodland. 

III.  Swiss  Measures  of  Volume. 

N 

I  Cubic  ZoU      =    1.6476  cubic  inches. 

1000  Cubic  ZoU I  Cubic  Fuss     =     '9535  cubic  foot 

216  Cubic  Fuss I  Cubic  Klafter  =   7.6172  cubic  yards. 

1000  Cubic  Fuss I  Cubic  Ruthe  =35.3166         „ 

IV.  Swiss  Measures  of  Capacity. 

Dry  Measure. 

I  Imi  =    1.3206  quarts. 

10  Imi I  Maass  =     .4127  bushel. 

10  Maass i  Malter  =   4.1268  busheb. 

Liquid  Measure. 

2  Halbschoppen i  Schoppen  =    2.6412  giUs. 

2Schoppen..  i  Halbmaass  =    1.3206  pints. 

2  Halbmaass i  Maass  =   2.6412     „ 

100  Maass i  Saum  =33.015  gallons. 

V.  Swiss  Measures  of  Weight. 

I  Quntli  =  2.2048  drams. 

4  QuntU I  Loth  =  .5511  ounce. 

2  Loth I  Unze  =  1. 1023  ounces. 

16  Unzen i  Pfund  =  1. 1023  pounds. 

100  Pfund I  Centner  =  110.233  pounds,  or  .9842  cwt 

The  Pfund  is  divided  into  halves,  quarters,  and  eighths.  It  is  also 
divided  into  500  Grammes,  and  decimally  into  Decigrammes,  Centi- 
grammes, and  Milligrammes. 


SPAIN. — Weights  and  Measures. — ^Tables  No.  57. 

The  French  metric  system  was  established  in  Spain  in  1859.  The  metre 
is  named  the  Metro;  the  litre,  Litro;  the  gramme,  Grammo;  the  are.  Area; 
the  tonne,  Tonelada.  The  metric  system  is  established  likewise  in  the 
Spanish  colonies.     The  old  weights  and  measures  are  stiU  laigely  used. 


SPAIN — ^LENGTH,  SURFACE,  ETC. 

I.  Old  Spanish  Measures  of  Length. 

I  Punto  =     .00644  inch. 

12  Puntos I  Linea  =     .0772510011. 

uLineas i  Pulgada  =     .927  inch. 

6Pulgadas  i  Sesma  =  5.564  inches. 

2Sesmas i  Pies  de  Buigos  =     .9273  foot 

3Piesde  Burgos  i  Vara  =  2.782  feet 

2Varas i  Estado  =  5.564  feet 

4Varas i  Estadal  =11.128  feet 

5000  Varas i  Legua  (Castilian)  =  2. 6345  miles. 

8oooVaras i  Legua  (Spanish)  =  4.2151  miles. 

IL  Old  Spanish  Measures  of  Surface. 

I  Square  Pies  .=     .860  square  foot 

9  Square  Pies i  Square  Vara  =     .860  square  yard. 

16  Square  Varas i  Square  Estadal  =13.759  square  yards. 

50  Square  Varas  ....  i  Elstajo  =  42.997  square  yards. 

576  Square  Estadals.  I  Fanegada  =    1.6374  acres. 

50  Fanegadas i  Yugada  =81.870  acres. 

in.  Old  Spanish  Measures  of  Capacity. 

Liquid  Measure. 

I  Capo  =  .888  gilL 

4  Capos I  Cuartillo  =  .111  gallon. 

4  Cuartillos i  Azumbre  =  .444  gallon. 

2  Azuinbres i  Cuartilla  =  .888  gallon. 

4Cuar,illas...{  ^  "^^^SeT ^'""^ }  =   3-55^ gallons. 

i6  Cantaras i  Mayo  =  56.832  gallons. 

rhe  old  measure  for  oil  is  the  Arroba  Menor  =  2.7652  gallons. 

Dry  Measure, 

I  Ochavillo  =  .00785  peck. 

4  Ochavillos i  Racion  =  .03 1 4  peck. 

4  Raciones i  Quartillo  =  .  03 1 4  bushel. 

2  Quartillos i  Medio  =  .0628  bushel. 

2  Medios i  Almude  =  .1256  bushel. 

12  Amuerzas i  Fanega  =  1.5077  bushels. 

12  Fanegas i  Cahiz  =  18.0920  bushels. 

IV.  Old  Spanish  Weights. 

I  Grano  =         .771  grain. 

1 2  Granos i  Tomin  =       9. 247  grains. 

3  Tomines  ....  i  Adarme  =     27.74  grains. 

2  Adarmes  . . . .  i  Ochavo,  or  Drachma  =         .1268  ounce. 

8  Ochavos i  Onza  =       i. 01 44  ounces. 

8  Onzas i  Marco  =       8. 11 54  ounces. 

2  Marcos i  Libra  (Casdlia  a)     =       1.0144  pounds. 

100  Libras  i  Quintsd  =    101.442  pounds. 

10  Quintals i  Tonelada  =  1014.42  pounds. 

12 
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PORTUGAL. 

The  French  metric  system  of  weights  and  measures  was  adopted  in 
entirety  during  the  years  1860-63,  and  was  made  compulsory  from  the 
October,  1868.     The  chief  old  measures  still  in  use  are,  the  Libra =i.ol 
pounds;  Almude,  of  Lisbon  =  3.7  gallons;  Almude,  of  Oporto  =  5.6 
Alquiere  =  3.6  bushels;  Moio  =  2.78  quarters. 


ITALY. 

The  French  metric  system  is  used  in  Italy.  The  metre  is  named 
Metra;  the  are,  Ara;  the  st^re,  Stero;  the  litre,  Litro;  the  gramme,  Gi 
the  tonneau  m^trique,  Tonnelata  de  Mare.  The  various  old  weights 
measures  of  the  different  Italian  States  are  still  occasionally  used. 


TURKEY. 

Length, — i  Pike  or  Dri=  27  inches,  divided  into  24  Kerits;  i  Foi 
=  3.116  miles,  divided   into  3  Berri;  the  Surveyor's  Pik,  or  the  Hal< 
=  27.9  inches;  and  5^  Halebis=  i  reed. 

Surface, — The  squares  of  the  Kerit,  the  Pike,  and  the  Reed.    Thftf 
Feddan  is  an  area  equal  to  as  much  as  a  yoke  of  oxen  can  plough  in  t^,^ 
day.  ^ 

Capacity^  Dry. — The  Rottol  =  1.411  quarts,  contains  900  Dirhems;;J^ 
22  Rottols=  I  Killow=  7.762  gallons,  or  .97  bushel,  the  chief  measure  for  ^jj 
grain.  J^ 

Liquid. — i  Oka=  1.152  pints;  8  Oke=  i  Almud=  1.152  gallons;  i  RottoLT^ 
=  2.5134  pints;  100  Rottols=  i  Cantar  =  31.417  gallons. 

Weights. — The  Oke  =  2.8342  pounds,  divided  into  4  Okiejehs,  or  400  -- 
Dirhemsof  1.81  drams;  i  Rottolo=  1.247  pounds;  100  Rottolos=  i  Cantar  ^ 
=  124.704  pounds. 


GREECE   AND   IONIAN    ISLANDS. 

The  French  metric  system  is  employed  in  Greece.  The  metre  is  named 
the  Pecheus;  kilometre,  Stadion;  are,  Stremma;  litre,  Litra;  gramiiiei 
Drachmd.  i^  kilogrammes  =  i  Mni;  i}^  Quintals  =  i  Tolanton 
i^  Tonneaux=  i  Tonos  =  29.526  cwts. 

In  the  Ionian  Islands,  whilst  they  were  under  the  protection  of  Great 
Britain  (1830  to  1864),  the  British  weights  and  measures  were  those  in  use, 
with  Italian  names.  The  foot  was  named  the  Piede;  the  yard,  the  Jarda; 
the  pole,  the  Camaco;  the  furlong,  the  Stadio;  the  mile,  the  Miglio.  The 
gallon  was  the  Gallone;  the  bushel,  the  Chilo;  the  pint,  the  Dicotile;  the 
pound  avoirdupois,  the  Libra  Grossa;  the  pound  troy,  the  Libra  Sottile. 
The  Talanto  consisted  of  100  pounds,  and  the  Miglio  of  1000  pounds. 


MALTA. 


In  round  numbers,  3^  Palmi  =  i  yard;  i  Canna  =  2  Y7  yards. 
The  Salma  =  4.964   acres.     Approximately,   543   Square  Palmi  =  400 
isquare  feet;  16  Salmi  =  71  acres. 
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I  Cubic  Tratto  =  8  cubic  feet;  144  Cubic  Palmi  =  96  cubic  feet;  i  Cubic 
CanDa=343  cubic  feet 

Approximate  weights: — 15  Oncie=i4  ounces;  i  Rotolo=iJ^  pounds; 
4 Rotoli  =  7  pounds;  64  Rotoli  =  i  cwt. ;  i  Cantaro  =175  pounds;  i  Quintal 
=  199  pounds;  64  Cantari  =  5  tons. 


EGYPT. — ^Weights  and  Measures. — ^Tables  No.  58. 
I.  Egyptian  Measures  of  Length. 

Pile,  or  cubit  of  the  Nilometre 20.65  inches. 

Pile,  indigenous 22.37     „ 

Pile,  of  merchandise 25.51      „ 

Pile,  of  construction 29.53     ,, 

6Pabns i  Pile. 

24  Kirats i  Pik  or  Dria. 

4.73  Piks  of  construction...  i  Kassaba  in  surveying,   =11.65  ^"^^t. 

II.  Egyptian  Measures  of  Surface. 

I  Square  Pik  =   6.055  square  feet 

22.41  Square  Piks i  Square  Kassaba  =  15.07  square  yards 

333.33  Square  Kassaba,    i  Feddan  =     .9342  acre. 

III.  Egyptian  Measures  of  Capacity. 

I  Kadah     =  1.684  pints. 

2  Kadahs i  Milwah    =  6.735     >» 

2  Milwahs i  Roobah  =  1.684  gallons. 

2  Roobahs i  Kelah     =  3.367       „ 

2  Kelehs i  Webek    =  6.734       „ 

6  Webeks  i  Ardeb     -  /  ^^-^^"^  gallons,  or 

^  ^^^^^ ^  ^^^^     -  \    6.48  cubic  feet 

The  Guirbah  of  water  (a  government  measure)  is  V15  cubic  metre  =  66^ 
litres,  or  11.772  cubic  feet 

IV.  Egyptian  Measures  of  Weight. 

I  Kamhah   ~     .746  grain. 

4  Kamhahs i  Kerat 

16  Kerats i  Dirhem    =    1.792  drachms. 

24  Kerats i  Mitkal. 

8  Mitkals i  Okieh. 

12  Okiehs,or  )  ^  ^^^^1      ^        82  J    ^^^^ 

144  Durhems    j  y       r 

100  Rottols I  Kantar     =98.207  pounds. 


400  Dirhems. i  Oke         =   2.728      „ 

j6  Okes I  Kantar     =98.207      „ 


I  So  WEIGHTS  AND   MEASURES. 

MOROCCO. 

Length, — The  Tomin=  2.81025  inches;  the  Dra*a  =  8  Tomins  =  22.48^  i 
inches. 

Capacity, — The  Muhd  =  3.08135  gallons;  the  80^  =  4  Muhds  =  12.32; 
gallons. 

Weights, — The  Uckia  =  392  grains;  the  Rotal  or  Artal  =  2o  Uckieh 
1. 1 2  pounds;  the  Kintar=  100  Rotales=  112  pounds. 

Oil  is  sold  by  the  Kula  =  3.3356  gallons.     Other  liquids  are  sold  bj^- 
weight 


TUNIS. 

Length, — The  Dhraa,  or  Pike,  is  the  unit  of  length.  The  Arabian  Dhiai^ 
for  cotton  goods  =19.224  inches;  the  Turkish  Dhrai,  for  lace  =  25.077(^ 
inches;  the  Dhraa  Endaseh,  for  woollen  goods-  26.4888  inches. 

The  Mil  Sah'ari  =  .9i49  mile. 

Capacity, — For  dry  goods  the  Sai=  1.2743  pint;  12  Sai=i  Hueba^   ' 
6.8228  gallons. 

For  liquids,  the  Pichoune  =  .4654  pint;  4  Pichounes=i   Pot  =1.8616  ■ 
pints;  15  Pots  =  I  Escandeau,  and  4  Escandeaux=i  MilMrole  =  13.9623 
gallons. 


ARABIA. 

The  weights  and  measures  of  Egypt  are  used  in  Arabia. 


CAPE    OF    GOOD    HOPE. 

The  standard  weights  and  measures  are  British,  with  the  exception  of  the 
land  measure.  To  some  extent,  the  old  British  and  the  Dutch  measures 
are  in  use.  The  general  measure  of  surface  is  the  old  Amsterdam  Morgtn^ 
reckoned  equal  to  2  acres;  though  the  exact  value  is  equal  to  2.1 1654 
acres.     1000  Cape  feet  are  equal  to  1033  British  feet. 


INDIAN    EMPIRE. — WEIGHTS  AND   MEASURES. 

An  Act  "  to  provide  for  the  ultimate  adoption  of  an  uniform  S3rstem  of 
weights  and  measures  of  capacity  throughout  British  India  "  was  passed  in 
October,  187 1.  The  ser  is  adopted  under  the  Act  as  the  primary  standard 
or  unit  of  weight,  and  is  a  weight  of  metal  in  the  possession  of  the  Govern- 
ment, equal,  when  weighed  in  a  vacuum,  to  one  kilogramme.  The  unit  of 
capacity  is  the  volume  of  one  ser  of  water  at  its  maximum  density,  equiva- 
lent to  the  litre.  Other  weights  and  measures  are  to  be  multiples  or  sub- 
multiples  of  the  ser,  and  of  the  volume  of  one  ser  of  water. 

The  following  are  the  weights  and  measures  in  common  iise  in  India: — 


BENGAL — LENGTH,  SURFACE,  ETC  l8i 

BENGAL. — ^Weights  and  Measures. — Tables  No.  59. 

I.  Bengal  Measures  of  Length. 

ijow,  orjaub =         ^  inch. 

3J0W I  Ungulec =         54     „ 

4  Ungulees i  Moot =  3  inches. 

3  Moots I  Bigliath,  <»*  Span      =  9      »» 

2  Bigliaths I  Hatli,  orCubit...      =  18      „ 

2  Hit'h I  Guz =  I  yard. 

2  Guz I  Danda,orFathom     =  2  yards. 

loooDandas i  Coss =  {  *°^.^,^es. 

4  Coss I  Yojan =  4.5454  mileSb 

IL  Bengal  Measures  of  Surface. 

I  Square  HatTi  =  2.25  square  feet 

4  Square  Hitlis i  Cowrie  =  i  square  yard. 

4  Cowries i  Gunda  =  4  square  yards. 

20  Gundas i  Cottah  =80  „ 

io  Cottahs I  Beegah  =  {  ^^  ''^  ^^^  '^ 

I  -33^  acre. 

For  land  measure,  the  foBowii^  table  is  used  for  Go\'emment  surveys: — 

I  Guz  =         33  lineal  incfaei. 

3  Guz I  Baus,orRod=  8^  lineal  feet 

9  Square  Guz i  Square  Rod  =  68  V16  square  feet 

400  Square  Rods.....  i  Beegah  =  i  ^025  ^^^ords,  or 

III.  Bengal  Measures  of  Capacitv. 

The  Seer  is  a  measure  common  to  liquids  and  dry  goods.  It  is  taken 
at  68  cubic  inches,  or  1.962  pints,  in  volume.  But  it  varies  in  difl^exent 
localities.  5  Seer  =  i  PaUi,  and  8  Palli  =  i  ^laund,  or  9.81  gallofis.  The 
SooIi  =  3.065  bushels,  and  16  Soolis  =  i  Khahoon,  or  49.05  bushels. 

IV.  Bengal  Measures  of  Weight. 

The  Tolah,  or  weight  of  a  Rupee,  180  grains,  is  the  unit  of  weight. 

T  Tolah        =  180  grains. 

5  Tolahs I  Chittak      =900      „ 

16  Chitt^ks I  Seer  =      2.057  pounds. 

5  Seers i  Passccrec  =    10.286      „ 

8  Passeerees i  Maund      =   82.286      - 


MADRAS. — Weights  and  Measures. — ^TaLks  So.  6a 

L  Madras  Measures  of  Lesgthl 

The  En^ish  foot  and  yard  are  used.  The  Guz  is  33  mdko.  The  Baum 
w  fiidunn  is  about  6j4  feet  A  Nafli-Valli  is  a  little  under  tj4  mikf. 
r  NiHi-Valli  =  i  Kidam,  or  about  10  miles.    The  foDaving  are  native 
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8  Torah  i  Vumih     =     .4166  inch. 

24  Vumih I  Mulakoli  =  10  inches. 

4  Mulakoli i  Dumna    =  40     „ 

II.  Madras  Measures  of  Surface. 

The  English  acre  is  generally  known.  The  native  measures  are  un 
tain.  In  Madras  and  some  other  districts,  the  following  native  meaa 
are  used: — 

I  Coolie    =         64  square  yards. 

4  Ve  Coolies i  CJround  =       266^  square  yards. 

24  Grounds,  or  )  Cawnie  =  /  ^^^^  square  yards,  or 

100  Coolies         J  ~  I        1.3223  acres. 

16  Annas  (each  400  yards),  i  Cawnie. 

III.  Madras  Measures  of  Capacity. 

I  Olluck  =     .361  pint. 

8  OUucks I  Puddee  =    1.442  quarts. 

8  Puddees i  Mercil  =   2.885  gallons, 

5  Mercils   i  Parah  =14.426       „ 

80  Parahs i  Garce  =  18.033  quarters. 

This,  though  the  legal  system,  is  not  used.  The  "customary"  Pudd< 
still  in  general  use;  it  has,  when  slightly  heaped,  a  capacity  of  1.504  qu 
The  Marcil  has  a  capacity  of  3.0006  gallons;  but,  when  heaped,  it  is  e 
to  8  heaped  Puddees.  The  Seer-measure  is  the  most  common;  its  c 
contents  are  from  66  J^  to  67  cubic  inches. 

IV.  Madras  Measures  of  Weight. 

I  Tola       =  180  grains. 

3  Tolas I  PoUum  =  1.234  ounces. 

8  Pollums  I  Seer       =  9.874       „ 

5  Seers i  Viss       =  3.086  pounds. 

8  Viss I  Maund  =         24.686       „ 

2oMaunds i  Candy    =    {493-714  pounds,  or 

^  (      4.408  cwts. 

In  commerce,  the  Viss  is  reckoned  as  3^  pounds;  the  Maund 
pounds;  and  the  Candy,  500  pounds. 


BOMBAY. — Weights  and  Measures. — Tables  No.  61. 

I.  Bombay  Measures  of  Length. 

I  Ungulee  =   9/,6  inch. 

2  Ungulee i  Tussoo   =   i}i  inches. 

8  Tussoos I  Vent'h    =9        „ 

16  Tussoos I  Hat*h      =18        „ 

24  Tussoos I  Guz        =27         „ 

The  Builder's  Tussoo  =  2.3625  inches  in  Bombay;  and  i  incli  in  Sui 
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11.  Bombay  Measures  of  Surface. 

34  Vfi  Square  Hat'h...  i  Kutty    =  9.8175  square  yards. 

2oKutties I  Pund     =        196.35  „ 

"P-d ^  Beegah=  {  ^^^'.s^^f,,^' ^ 

i2oBe^ah i  Chahur=         97.368  acres. 

Id  the  Revenue  Field  Survey,  the  English  acre  is  used. 

III.  Bombay  Measures  of  Capacity. 

I  Tippree=  .2800  pint. 

2  Tipprees i  Seer       =  .5600    „ 

4  Seers  i  Pylee     =  2.2401  pints. 

16  Pylees i  Parah     =  4.4802  gallons. 

8  Parahs i  Candy   =  35.8415       „ 

25  Paiahs I  Mooda  =  {  "f^^^S  g^"o"f.  o^ 

(      1. 7 50 1  quarters. 

Another  liquid  measure  is  the  Seer  of  60  Tolas  =1.234  pints. 
In  timber  measurement  in  the  Bombay  dockyards,  a  Covit  or  Candi  = 
12.704  cubic  feet 


CEYLON. 
The  British  weights  and  measiures  are  used. 


BURMAH. 


The  English  yard,  foot,  and  inch  are  being  adopted;  also  the  English 
Measures  of  Cq)acity.  Weights. — The  Piakthah  or  Viss  is  3.6  pounds,  and 
contains  100  Kyats  of  252  grains  each. 


CHINA. — ^Weights  and  Measures. — Tables  No.  62. 

I.  Chinese  Measures  of  Length. 

I  Fun     =     .141  inch. 

10  Fun I  Tsun   =    i. 41  inches. 

10  Tsun I  Chih    =14.1        „ 

10  Chih I  Ch^ng  =  ii.75  feet. 

10  Ching I  Yin      =3917  yards. 

The  Chih  of  1 4.1  inches  is  the  legal  measure  at  all  the  ports  of  trade. 
At  Canton,  the  values  of  the  Chih  are  as  follows : — 

Tailor's  Chih 14.685  inches. 

Mercer's  Chih  (wholesale) 14.66  to  14.724  inches. 

Mercer's  Chih  (retail) i4-37  to  14.56         „ 

Architect's  Chih 12.7  inches. 

At  Pekin  there  are  thirteen  different  Chihs. 


Ji 


184  WEIGHTS  AND   MEASURES. 

Distance. 

5  Fun  I  Li  =       .486  inch. 

10  Li }i  Chih  =       .405  foot 

5  Chih I  Pii  =     4.05  feet 

360  Pd I  Lf  =486  yards. 

250  L£ I  Td  (or  Degree)  =   69  miles. 

11.  Chinese  Measures  of  Surface. 

25  Square  Chih i  Pd  or  Kung=     3.32  square  yards 

60  Kung I  Kish  =199.47 

4  Kish I  Mau  =797-^9 

100  Mau I  King  =    16.485  acres. 

The  chief  land  measure  is  the   Mau,  than  which  smaller  areas 
expressed  decimally. 

in.  Chinese  Measures  of  Capacity.     (J^ry  Measure,) 

I  Koh    =   .0113  gallon. 

5  Koh ^Shing  =   .0565      „ 

10  Koh I  Shing  =   .113        „ 

10  Shing I  Tau     =  1. 13  gallons.  ^ 

Liquids  are  measured  by  vessels  containing  definite  weights,  as  i,  2,  4, ,  j 
and  8  Taels;  also  large  earthen  vessels  holding  15,  30,  and  60  Catties.. jj 
See  Table  of  Weights.  *1 

IV.  Chinese  Measures  of  Weight.  t 

n 

I  L^ang  or  Tael  =  i  V3  ounces.  .1 

16  L6mg I  Kin  or  Catty     =         i  V3  pounds. 

100  Kin I  Tan  or  Pecul    =  [  '33-33  pounds,  or 

(      1. 19  cwts. 


COCHIN-CHINA. 


Length, — The  Thuoc,  or  cubit,  19.2  inches,  is  the  chief  unit  of  measure 
of  length.  It  varies  considerably  for  different  places.  The  Li  or  mile  is 
486  yards;  2  Li  make  i  Dam;  and  5  Dam  make  i  league  =2.761  miles. 

Surface, — 9  Square  Ngu  make  i  Square  Sao  =  64  square  yards.  100 
Square  Sao  make  i  Square  Mao  =  6400  square  yards,  or  1.32  acres. 

Weights, — The  smallest  weight  is  the  Ai  =  .0000006  grain.  The  weights 
ascend  by  a  decimal  scale,  until  10,000,000,000  Ai  are  accumulated  = 
I  Nen  =  .8594  pound.     The  greatest  weight  is  the  Quan  =  687)^  pounds. 

Capacity  for  Grain, — i  Hao  =  6V9  gallons.     2  Hao  =  i  Shita=i2V9 
gallons. 

PERSIA. 

Length, — The  Gereh  =  2|^  inches;  16  Gerehs=  i  Zer  =  38  inches.  The 
Kadam  or  Step  =  about  2  feet;  1 2,000  Kadam  =  i  Fersakh  =  about  4 J^  miles. 
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^aaoni  Cubic  Measures. — These  are  the  squares  and  cubes  of  the 

gtlis. 

"Apadty  {Dry  Goods), — ^The  Sextario  =  .o7236  gallon.     4  Sextarios  = 

lenica;  2  Chemcas=  i  Capicha;  3^  Capichas=  i  CoUothun;  8  CoUo- 

0=1  Aitata«  1.809  bushels. 

iquids  are  sold  by  weight 

F^^x.— The  Miscal  =  7i  grains;  16  Miscals=i  Sihr;  100  Miscals  = 

atel  =  1.014  pounds;  40  Sihrs  =  i  Batman  (Maund)  =  6.49  pounds;  100 

iian(ofTabreez)=  I  Karwar  =  649.i42  pounds. 


JAPAN. — ^Weights  and  Measures. — Tables  No.  63. 

I.  Japanese  Measures  of  Length. 

I  Rin  =  .012  inch. 

10  Rin I  Boo  =  .120  inch. 

10  Boo I  Sun  =  1.20  inches. 

10  Sun I  Shiaku  =  i  foot. 

3  Shiaku ^  Ken  =  i  yard. 

6  Shiaku i  Ken  =  2  yards. 

60  Ken I  Chu  =  120  yards. 

36Chu :Ri  H'^'^M^i's. 

gh  timber  is  sold  by  the  Yama-Ken-Zaii  =  63  Sun.    Cloth  is  measured 
Shiaku  of  1 5  inches,  with  decimal  sub-multiples. 

II.  Japanese  Measures  of  Surface. 

I  Po  =  4  square  yards. 

30  Po I  Is*she         =  120  square  yards. 

10  Is'she I  It'tau  =        1200  square  yards. 

10  If  uu. I  It'choe       =  (  ^  *°°°  T^'^  ^"'^''  *"■ 

(  2.4793  acres. 

square  Ken  is  the  unit  of  square  measure,  equal  to  4  square  yards. 

III.  Japanese  Measures  of  Capacity. 

Dzoku  =  .0000328  pint. 

ID  Dzoku I  Ke  =  .000328  pint. 

10  Ke I  Sat  =  .000328  pint. 

10  Sats I  Sai  =  .00328  pint. 

10  Sal I  Shiaku  =  .03283  pint. 

10  Shiaku i  Goo  =  .3283  pint. 

10  Goo I  Shoo  =  .4104  gallon. 

10  Shoo I  To  =  4.104  gallons. 

10  To 1  Y.6ku  =41.04  gallons. 


IV.    JAI 


NU   MliASURES, 


:  MEASCRts  OF  Weight. 


[  Mo 


10  Mo I  Rin 

10  Rin I  FuD 

10  Fun I  Nomme 

4  Nomme i  Riu 

40  Riu 1  Kiu 


.oa;  grain. 

.1701  grain. 

=      J.  701  grains. 

-  37.006  grains. 
=  io8.oa6  grains. 

-  6173  pound 


Duims  -  I    Tool      The 


JAVA. 

Laigih. — Thi;    I>uim=^t.3    inches,     i 
27.08  inches. 

Surface. — The  Djong  of  4  Bahu  =  7.oi5  acres. 

Capacity,  for  rice  and  grain.— The  measures  are  in  fact  meu 
definite  weights,  i  sack  =  6i.o34  pounds;  3  sacks=i  Pecul;  5 
=  r  Timbang-  5.45  cwts.;  6  Timbang^  i  Coyau  =  32.7  cn'ta.  Fori 
The  Kan  =  ,328  gallon;  388  Kans=  i  Leager=  137.34  gallons, 

IVeighls. — The 'rael  =  593.6  grains;  i6'raels-i  Catty^i.jsfip 
100  Catties  -  1  i'ecul  =■  i^.C^  pounds. 


UNITED    STATES    OF    AMERICA. 

Lciiph. — The  measures  are  the  same  as  those  of  Great  Britain. 

In  Land  Surveying,  the  unit  of  measurement  is  the  chain,  and  it  ill 

mally  subdivided. 

In  City  Measurements.  !he  unit  is  the  foot,  and  It  is  decimally  subdnl 
In  Mechanical  Measurements,  the  unit  is  the  inch,  and  it  is  divided' 

a  hundred  part^. 

Surface. — 'l"hL-  measures  are  ihe  same  as  those  of  Great  Britain, 
Capacity. — 'I'ljs;  measures  of  capacity  for  Ary  goods  and  for  liquids  aie 

same  as  the  old  English  measures.     The  standard  U.  S.  gallon  is  equal 

the  old  English  wine  gallon,  or  231  cubic  inches;  ii  contains  8)4 

of  i>ure  water  at  62°  F. 


Dij  Measure.- — Table  No.  64. 


1  gill. 

4giils I  pint 

2  pints I  quart 

4  quarts 1  gallon 

2  gallons I  peck 

4  pecks 1  bushel 

4  bushels I  coomb 

2  coombs I  quarter 

5  quarters 

2  weys 


=     .96945  imijerial 
=    .96945  imperial 


-  .96945 
=  1.93S8 
=  .9694s 
=  3-8777 
=  -96945 
load  -  4.8472 
=  96945 


For  the  Wine  and  Spirit  Measures,  and  the  Ale  and  Beer 
the  Old  Measures  of  Great  Britain,  page  139. 

I  cord  of  wood  =  128  cubic  fect'=(4  feet  x  4  feet  «  8  feet). 

Weights. — The  Weights  are  the  same  as  those  of  Great 
page  140.) 


gill. 

pint 

pints. 

gallon. 

gallons. 

bushel 

bushels. 

quarter. 

quarters. 

quarters. 

Measures, 
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re,  in  addition,  the  Quintal  or  Centner  of  100  pounds;  and  the 
ton  of  2000  pounds,  which  is  also  used,  for  retail  purposes  espe- 
lost  of  the  States.  The  old  hundredweight  and  old  ton  are,  for 
part,  superseded  by  the  quintal  and  the  New  York  ton.  The 
:oaI  and  iron  ton  is  2240  pounds.  The  French  metric  system  of 
1  measures  was  l^alized  in  1866  concurrently  with  the  old  system. 


[TISH  NORTH  AMERICA.— Weights  and  Measures. 

le  23d  May,  1873,  the  standard  measures  of  length  and  surface, 
weights,  were  the  same  as  those  of  Great  Britain;  whilst  the 
j{  cap>acity  were  the  old  British  measures  for  dry  goods,  for  wine, 
t  and  beer.  At  the  above-named  date  a  new  and  uniform  system 
and  measures  came  into  force,  in  which  the  imperial  yard,  pound 
is,  gallon,  and  bushel,  became  the  standard  units,  and  the 
rstem  was  adopted  in  its  int^rity,  with  two  important  exceptions : 
undredweight  of  112  pounds,  and  the  ton  of  2240  pounds  were 
and  the  hundredweight  was  declared  to  be  100  pounds,  and  the 
pounds  avoirdupois, — thus  assimilating  the  weights  of  Canada  to 
le  United  States. 

ench  metric  s>'stem  of  weights  and  measures  has  been  made 
:  conciurendy  with  the  standard  weights  and  measures. 


MEXICO, 
ights  and  measures  are  the  old  weights  and  measures  of  Spain. 


CENTRAL  AMERICA   AND   WEST   INDIES. 

WEST  INDIES  (British), 
ights  and  measures  are  the  same  as  those  of  Great  Britain. 

CUBA. 

weights  and  measures  of  Spain  are  in  general  use.  For  engineer- 
upentiy  work  the  Spanish,  English,  and  French  measures  are  in 

French  metric  system  of  weights  and  measures  is  l^alized,  and 
the  customs  departments. 

GUATEMALA  AND   HONDURAS, 
ghts  and  measures  are  the  old  weights  and  measures  of  Spain. 

BRITISH   HONDURAS, 
ih  Honduras,  the  British  weights  and  measures  are  in  use. 

COSTA  RICA. 

freights  and  measures  of  Spain  are  in  general  use.  But  the 
n  of  the  French  metric  s>-stem  is  contemplated. 
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ST.    DOMINGO. 

The  old  Spanish  weights  and  measures  are  in  general  use.    The 
metric  system  is  coming  into  use. 

SOUTH  AMERICA. 
COLOMBIA. 

The  French  metric  system  was  introduced  into  the  Republic  ia  J 
and  is  the  only  system  of  weights  and  measures  recognized  by  the  fd 
ment  In  ordinary  commerce,  the  Oncha,  of  25  lbs.,  the  Qon 
100  lbs.,  and  the  Carga,  of  250  lbs.,  are  generally  used.  The  IJ| 
1. 102  pounds.     The  yard  is  the  usual  measure  of  length. 

VENEZUELA. 
The  system  and  practice  are  the  same  as  those  of  Colombia. 

ECUADOR. 

The  French  metric  system  became  the  legal  standard  of  wei^ili 
measures  on  the  ist  January,  1858. 

GUIANA. 

In  British  Guiana,  the  weights  and  measures  are  those  of  Great  Bi 
In  French  Guiana  or  Cayenne,  the  ancient  French  system  is  practised 
Dutch  Guiana,  the  weights  and  measures  of  Holland  are  employed. 

BRAZIL. 

The  French  metric  system,  which  became  compulsory  in  1872, 
adopted  in  1862,  and  has  since  been  used  in  all  official  departments, 
the  ancient  weights  and  measures  are  still  partly  employed.  They  arc 
some  variations,  those  of  the  old  system  of  Portugal 

Length, — The  Line  =  .09 11  inch,  and  is  divided  into  tenths.     The! 
gada  =  1.0936  inches.     The  P^  :=  13. 1 236  inches,  or  '/j  metre.     The  V 
1.2 15  yards;  and  ij^  Varas  =  the  geometrical  pace  =1.8227  yards. 
Milha=  1.2965  miles;  and  3  Milhas=  i  Legoa  =  3.8896  miles. 

6  yards  are  reckoned  equal  to  5  Varas. 

Surface, 

64  Square  Pollegadas...  i  Square  Palmo  =   .5315  square  foo 

25  Square  Palmos  i  Square  Vara  =  1.4766  square  yar 

4  Square  Varas i  Square  Bra^a  =5.9063  „ 

4840  Square  Varas i  Geira  =  1.4766  acres. 

Capacity  (Dry  Goods). — The  Salamine  =  .3808  gallon;  2  Salami 
I  Oitavo;  2  Oitavo=i  Quarto;  4  Quartas  =  i  Alqueiro  =  .38o8  b 
4  Alqueiras  =  i  Fangas;  15  Fangas  =  i  Moio  =  2.8560  quarters. 

Liquids. — The  Quartilho  =  .6i4i  pint;  4  Quartilhos=  i  Canada;  6 
das  =  I  Pota  or  Cantaro;  2  Potas  =  i  Almuda  =  3.6846  gallons. 
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H^agkts. — The  Arratel=  1.0119  pounds,  is  divided  into  16  Ongas,  and 
{Ip  into  8  Oitavos.     32   AiTatels=i   Arroba;  4  Arrobas=i   Quintal  = 
1^5181  pounds;  and  13  J^  Quintals  =  1  Tonelada=  15.61 16  cwts. 
Tbere  is  also  the  Quintal  of  100  Arratels.     Ships'  freight  is  reckoned  by 
I  English  ton  =  70  Arrobas. 

PERU. 

rhc  French  metric  system  was  established  in  i860,  but  is  not  yet  gener- 
f  nsed.  The  weights  and  measures  in  common  use  are: — The  ounce  = 
«4 ounce;  the  Libra=i.oi4  pound;  the  Quintal  =  101.44  pounds;  the 
iQba=  25.36  pKDunds,  or  6.70  gallons;  the  gallon  =  .74  imperial  gallon; 
t  Vara  =  .927  yard;  the  square  Vara  =  .859  square  yard. 

CHILL 

The  French  metric  system  has  been  legally  established;  but  the  old 
lights  and  measures  are  still  in  general  use.  These  are  the  same  as  those 
Peru. 

BOLIVIA. 

The  weights  and  measures  are  the  same  as  the  old  weights  and  measures 
Pcra  and  ChilL 

ARGENTINE  CONFEDERATION. 

The  French  metric  system  has  recently  been  established.  The  old 
ig^ts  and  measures  are  commonly  used :— the  Castilian  standards  of  the 
I  Spanish  system.  The  Quintal  =  101.4  pounds;  the  Arroba  =25.35 
nnds;  the  Fan^a=  1.5  bushels. 

URUGUAY. 

The  French  metric  system  was  established  in  1864.  The  old  weights 
d  measures  are  the  same  as  those  of  the  Argentine  Confederation.  The 
a^ts  and  measures  of  Brazil  are  in  general  use. 

PARAGUAY. 

The  weights  and  measures  are  the  same  as  the  old  ones  of  the  Argentine 
oofederation. 

AUSTRALASIA. 

In  New  South  Wales,   Queensland,   Victoria,  South  Australia,   West 
Btralia,  Tasmania,  and  New  Zealand,  the  l^al  weights  and  measures  are 
e  same  as  those  of  Great  Britain.     But  the  old   British  measures  of 
facity  are  also  much  used. 
In  bind  measurement,  a  ''section**  is  an  area  equal  to  80  acre& 


MONEY. 


GREAT    BRITAIN    AND    IRELAND. 


Coins. 


Material. 


l{d, farthing. bronze. 


j4d. halfpenny do. 

4  farthings i  penny do. 

3//. threepenny  piece silver, 

4//. groat,  or  fourpenny  piece do. 

6d, sixpence do. 

12  pence i  shilling do. 

2  shillings i  florin do. 

2  j4s, I  half-crown do. 

los I  half-sovereign gold. . 

20^. I  sovereign,  or  pound  sterling  do. 


WBIGB& 
GraiM 


•   43-750 
.   87.500 

145-833 
.    21.818 

.    29.091 
-   43-^36 

-  «7-273 

•174.545 
.218.182 

.  61.6371 

.123.2745 


The  bronze  coins  are  made  of  an  alloy  of  copper,  tin,  and  zinc;  i 
silver  coins  contain  g2j4  per  cent  of  fine  silver,  and  yj^  per  cent  of  aOfl 
the  gold  coins,  91^  per  cent  of  fine  gold,  and  8^  per  cent  of  alloy. 

The  Mint  price  of  standard  gold  is  jCSy  ^7^-  10  j4^'  per  ounce. 

One  pound  weight  of  silver  is  coined  into  66  shillings.  The  intrin) 
value  of  22  shillings  is  equal  to  j£i  sterling. 

The  intrinsic  value  of  480  pence  is  equd  to  j£i  sterling. 


'/,oo  franc 

750 

7«> 


franc 
franc 
franc. 


•A 

I 
2 

5 


franc, 
franc, 
franc. 


FRANCE. — Money. 


Copper, 


Coins. 


Weight.  Value  in  English  Mem 


Grammes.  J^ 

1  centime i o 

2  centimes 2 o 

5  centimes  {sou) 5 o 

10  centimes  (gros  sou), ..10 o 


s, 
o 
o 
o 
o 


V 


10 


Silver, 

20  centimes i... 

50  centimes 2.5. 

100  centimes 5 


.0 
,0 
..o 


o     2 
o    g}i 


francs 10. 

francs 25, 


more  exactly  9.5241^1 


.0 
.0 


I     7 
3  "f< 


GERMANY,   HANSE  TOWNS.  IQI 

Gold, 

Gramme*,  jZi       ^'         "• 

5francs 1-61290 o  3  iif^ 

lofrancs. 3*22580 o  7  11^ 

20 francs  (Napoleon)...  6*45161  (99-56  grains)...o  15  10^ 

fofrancs 16-12902 1  19  8  '/j 

100  francs 32-25805 3  19  4  Vio 

The  English  value  is  calculated  at  the  rate  of  25  francs  20  centimes  to 

[i.  TTie  bronze  coins  consist  of  an  alloy  of  95  parts  of  copper,  4  of  tin, 

of  zinc    The  standard  fineness  of  the  gold  pieces,  and  of  the  silver 

pieces  is  90  per  cent,  with  10  per  cent  of  copper;  of  the  other 

coins,  83.5  per  cent;  and  of  the  bronze  coins,  95  per  cent 

GERMANY.— Money. 

The  following  system  of  currency  was  established  throughout  the  German 

iqxrein  1872: — 

English  Value. 

s,       d, 

I  Pfennig =     o      .1175 

10  Pfennig i  Groschen =     o     1. 1 75 

10  Groschen i  Mark =     o  iij^ 

10  Marks  (gold) =     9     9^ 

20  Marks  (gold) =    ^9     7 

lie  20-mark  gold  piece  weighs  122.92  grains,  and  the  standard  fineness 

ie  gold  pieces  is  90  per  cent  of  gold. 

efore  1872,  accounts  were  reckoned  in  the  following  currency  in  North 

oaany; — 

s.      d. 

12  Pfennig i  Silbergroschen =      i     i  V5 

30  Silbergroschen .1  Thaler =     30 

\  South  Germany : — 

4  Pfennig. i  Kreutzer =     o       ^ 

60  Kreutzers i  Florin =      18 

HANSE   TOWNS.— Money. 

be  monetary  system  is  that  of  the  German  Empire. 

^amburg. — According  to  the  old  monetary  system,  in  which  silver  was 

standard,  12  Pfennig  =1  Schillings  V^^v  ^^^  ^^  Schillings  =1  Mark 

remm. — Old  system: — 5  Schmaren=  i  Groot  =  "/ao^'j  ^^^  7^  Groots  = 

2x-doUar=3J.  3Vs^-     The  Rix-dollar,  or  Thaler,  was  a  money  of 

ont 

iAk. — The  old  s)rstem  was  the  same  as  that  of  Hamburg,  and,  in 

doD,  3  MailLS=  I  Thaler  =  3x.  4^/. 
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AUSTRIA.-— Money. 

s,  d. 

I  Kreutzer  (copper) o      «/s 

4  Kreutzers    (do.) o      4^ 

10  Kreutzers  (silver) o  2^ 

20  Kreutzers    Mo.) o  4^^ 

}i^  Florin          (do.) o  5)^ 

1  Florin          (do.) i  11^ 

2  Florins         (do.) 3  iij4 

4  Florin  piece  (gold) 7  11 

8  Florin  piece   (do.) 15  10 

TOO  Kreutzers  make  i  Florin. 

The  4'-florin  gold  piece  weighs  49.92  grains,  and  the  standard  of  fiM 
is  90  per  cent  of  gold. 

RU  SSI  A. — Money. 

s.  d, 

I  Copeck =0  .58 

100  Copecks I  Silver  Rouble =   3  2 

The  copper  coins  are  pieces  of  3^,  j4,  i,  2,  3,  5  Copecks.  The  1 
coins  are  pieces  of  5,  10,  15,  20,  25  Copecks,  the  Half  Rouble,  and 
Rouble;  the  gold  coins  are  the  Three-rouble  piece,  the  Half  Imperii 
five  Roubles,  and  the  Imperial  of  10  Roubles.  The  5-rouble  gold  ] 
weighs  loi  grains,  and  the  standard  of  fineness  is  91^  per  cent  of  | 
Paper  currency: — i,  3,  5,  10,  25,  50,  100  Roubles. 

HOLLAND.— Money. 

s.    d, 

I  Cent =   o      Vs 

100  Cents I  Guilder  or  Florin =    i     8 

BELGIUM.— Money. 
The  monetary  system  is  exactly  the  same  as  that  of  France. 

DENMARK.— Money. 

5,  d, 

I  Skilling =  o  .274 

16  Skillings i  Mark =  o  4.39J 

96  Skillings,  or  6  Marks i  Rigsdaler,  or  Daler =  2  2  7/ao 

SWEDEN. — Money. 

s,  d, 

I  Ore =   o  .133 

100  Ore I  Riksdaler =    i  lyi 

NORWAY.— Money. 

s,      d. 

I  Skilling =   o       .444 

24  Skillingen i  Ort  or  M^ark =   o  loj^ 

5  Ort I  Species-Daler =   4     5^ 


SWITZERLAND,  SPAIN,   ETC 

SWITZERLAND,— Money. 

Hie  monetazy  system  of  Switzerland  is  the  same  as  that  of  France. 
Centime  is  caHid  a  Rappe. 

SPAIN. — Money. 

I  Centimo =    95 

I  Peseta =    i  franc,  or    gyi 
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The 


TOO  Centimos. 


The  bronze  coins  are  pieces  of  i,  2,  5,  and  10  centimos.  The  silver 
coins  are  pieces  of  20  and  25  centimos,  and  i,  2,  and  5  pesetas.  The  gold 
coins  are  pieces  of  5,  10,  20,  25,  50,  and  100  pesetas.  The  piece  of 
^5 pesetas  is  3J.  ii}id.,  English  value.  The  25  peseta  piece  is  19J.  9>^</., 
En^ish  value. 

The  old  monetary  system  was  based  on  the  Real-Vellon,  2}id,  English 
laioe;  it  was  the  20th  part  of  the  Silver  Hard  Dollar,  4^.  2d,  English  value, 
and  d"  the  Gold  Dollar  or  Coronilla.  The  Duro  was  identical  with  the 
American  Dollar. 

PORTUGAL.— Money. 

The  unit  of  accomit  is  the  Rei,  of  which  18^  Reis  make  i  penny;  and 
1500  Reis  noake  i  sovereign.  The  Milreis  is  1000  Reis,  /^.  S}^^*  English 
^e.  The  Corda  is  the  heaviest  gold  coin,  of  10,000  Reis,  ^2,  41.  5^^ 
English  value,  and  weighs  17.735  grammes. 


100  Centimes. 


ITALY. — Money. 

I  Centime =  .95 

....I  Lira =    i  franc,  ot  9^ 


s. 

d 

0 

V.8.5 

0 

2.16 

[8 

0 

Copper  coins  are  pieces  of  i,  3,  and  5  Centimes;  silver  coins,  20  and 
50 Centimes,  and  i,  2,  and  5  Lire;  gold  coins,  5,  10,  20,  50,  and  100  Lire. 
These  coins  are  the  same  in  weight  and  fineness  as  the  coins  of  France. 

TURKEY. — Money. 


I  Para 

40  Paras i  Piastre 

100  Piastres i  Medjidie,  or  Lira  Turca 

The  Piastre  is  roughly  taken  equal  to  id,  sterling. 


GREECE   AND   IONIAN   ISLANDS.— MoNEY. 

100  Lepta I  Drachma =    i  franc,  or  9j^i/. 

The  currency  of  Greece  is  the  same  as  that  of  France. 

Id  the  Ionian  Islands,  whilst  they  were  under  British  protection  (1830- 
1864),  accounts  were  kept  by  some  persons  in  Dollars,  of  100  Oboli  =  4r.  2d,\ 
by  others  in  Pounds,  of  20  shiUings,  of  12  pence,  Ionian  currency;  the 
Ionian  Poimd  being  equal  to  2ar.  9.6^.  sterling.  By  other  persons  accounts 
were  kept  in  Piastres  of  40  Paras  =  2  4/45^- 

la 
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MALTA. — Money. 

I  Grano 

20  Grani i  Taro 

12  Tari i  Scudo 

Or, 

6o  Piccioli I  Carlino 

9  Carlini i  Taro 

12  Tari i  Scudo 


s. 

d. 

o 

v» 

o 

I?^ 

I 

8 

o 

.185 

o 

^}i 

I 

8 

British  money  is  in  general  circulation.     The  Sovereign  =  12  Scui 
Shilling  =  7  Tari  4  Grani 

EGYPT. — Money. 

j£  s.    d 

I  Para =        o  o 

40  Paras i  Piastre  (Tariff) =        o  o    : 

100  Piastres i  Egyptian  Guinea =         i  o    ( 

5  Egyptian  Guineas...!  Kees,  or  Purse =        5  2  ic 

1000  Purses I  Khuzneh,  or  Treasury  =  5142  10    c 

97.22  Piastres i  English  Sovereign. 

The  Egyptian  guinea  weighs  132  grains,  and  the  standard  of  fine: 
87  J4  per  cent  of  gold. 
Two  piastres  (current)  are  equal  to  one  piastre  (tariff). 

MOROCCO.— Money. 

s.     d, 
I  Flue  =  o      37/^ 

24  Flues I  Blankeel   =   o      37/^^, 

4  Blankeels i  Ounce       =   o    3.7 

10  Ounces i  Mitkul      =31 

TUNIS. — Money. 

I  Fel  =0         35/j^88 

3  Fels I  Karub       =   o      35/^ 

16  Karubs i  Piastre      =0     5  sy^ 

ARABIA. — Money. 
80  Caveers i  Piastre  or  Mocha  Dollar =   3 

CAPE  OF  GOOD  HOPE. — MoNEY. 

Public  accounts  are  kept  in  English  money;  but  private  accoui 
often  kept  in  the  old  denominations,  as  follows : — 

s,  d. 
I  Stiver          =   o      s/g 

6  Stivers i  Schilling     =   o     2]/^ 

8  Schilling i  Rix-dollar  =    i     6 

^e  Guilder  is  equal  to  bd. 


INDIAN  EMPIRE,   CHINA,   ETC  I9S 

INDIAN  EMPIRE.— Money. 
Tbioogbout  India,  accounts  are  kept  in  the  following  moneys : — 

I  Pie =  o    o^     nominal  value. 

i2Pies. I  Anna. =   o     ij4  do. 

i6Aiinas i  Rupee =   20  do. 

Tie  intrinsic  value  of  the  Rupee  is  is,  10^//.;  it  weighs  180  grains. 
The  English  Sovereign  is  equal  to  10  Rupees  4  Annas. 

I  Lac  of  Rupees    =  100,000  rupees  =  ;£"!  0,000. 
I  Crore  of  Rupees  =100  lacs  =  ;^  1,000,000. 

In  Ceylon,  the  Rupee  is  divided  into  100  Cents. 

The  gold  coin,  Mohur,  is  equal  to  15  rupees;  it  weighs  180  grains,  and 
the  standard  fineness  is  91.65  per  cent  of  gold. 

CHINA. — Money. 


I  Cash(Le) 

10  Cash I  Candareen  (Fun), 

10  Candareens i  Mace  (Tsien) 

10  Mace I  Tael  (Leang) 


COCHIN-CHINA.— Money. 

I  Sapek,  or  Dong,  or  Cash. 

60  Sapeks. i  Mas,  or  Mottien... 

10  Mas. I  Quan,  or  String. 


PERSIA. — Money. 


I  Dinar.. 

50  Dinars i  Shahi... 

20  Shahis i  Keran.. 

10  Kerans i  Toman. 


s. 

d. 

0 

Vxoo 

0 

V.O 

0 

7 

S 

10 

s,     d. 

= 

0     VI8 

= 

0   zyi 

= 

2     9^ 

s. 

d 

0 

^If^ 

0 

ys 

0 

ii>< 

9 

3^ 

JAPAN. — Money. 

s.    d, 

10  Rin I  Sen =  y 

100  Sen I  Yen =42 

There  are  gold  coins  of  the  value  of  i,  2  and  5  yen,  with  a  standard 
eness  of  90  per  cent  The  5-yen  piece  weighs  128.6  grains.  The  silver 
1  weighs  416  grains,  with  the  same  standard  of  fineness. 

JAVA. — Money. 
Fhe  money  account  of  Java  is  the  same  as  that  of  Holland. 

UNITED    STATES    OF    AMERICA.— MoNEY. 

s.     d, 

I  Cent =0       J4 

10  Cents I  Dime =05 

100  Cents I  Dollar, =42 


CANADA.— BRITISH  NORTH  AMERICA.— MoNEY. 

s.  d. 

I  Mil =     o      Vao  sterling. 

I  o  Mils I  Cent =     o       j^        do. 

I oo  Cents i  Dollar. =     4  i^        do. 

4  Dollars =   20  o    currency. 

Or, 

I  Penny  currency      =     o      J^  sterling. 

12  Pence i  Shilling    do =     o    9  4/5      do. 

20  Shillings i  Pound      do =    16     5^       do. 

The  Dollar  of  Nova  Scotia,  New  Brunswick,  and  Newfoundland,  is  eqtisJ 
to  4s.  2d,  sterling.     In  the  Bermudas,  accounts  are  kept  in  sterling  money. 

MEXICO.— Money. 

Accounts  are  kept  in  dollars  of  100  cents.  The  dollar  is  equal  to  4s.  2d 
sterling. 

CENTRAL  AMERICA  AND  WEST   INDIES.— MONEY. 

WEST  INDIES  (British). 

Accounts  are  kept  in  English  money;  and  sometimes  in  dollars  and 
cents.     I  dollar  =  4r.  2d. 

CUBA. — Money. 

The  moneys  of  various  nations  were  in  circulation  before  the  current 
war  (1875).  But  the  principal  silver  currency  was  the  10  cent  and  5  cent 
pieces  of  the  United  States.  The  gold  currency  consists  of  the  Ounce,  of 
the  value  of  16  dollars,  ^  ounce,  )^  ounce,  }i  ounce. 

GUATEMALA,   HONDURAS,   COSTA  RICA. 
The  moneys  of  account  are  the  same  as  those  of  Mexico. 

ST.    DOMINGO. 

Accounts  are  kept  in  current  dollars  (called  Gourde)  and  cents.  The 
cent=  Vaa^'i  ^^^  '^°  cents  =  i  dollar  =  3 j^//. 

SOUTH  AMERICA.— Money. 

COLOMBIA,  VENEZUELA,  ECUADOR. 

The  moneys  of  account  are,  the  Centavo  =  }4d.;  and  100  Centavos  = 
I  Peso  =  4x.  2d, 

GUIANA. 

In  British  Guiana  the  dollar  of  4s,  2d,  is  used,  divided  into  100  cents. 
In  French  Guiana,  French  money  is  used.  In  Dutch  Guiana,  the  money  of 
Holland  is  used. 
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BRAZIL. — Money. 

s.     d, 

I  Rei.... r-  o      »-7/,^ 

1000  Reis I  Milreis "23 

PERU. — ^MONBY. 

5,     d, 
I  Centesimo  =0      .37 

100  Centesimos i  Dollar,  or  Peso         =31 

CHILI. — Money. 

s,    d, 
I  Centavo  =0      .45 

100  Centavos i  Dollar,  or  Peso         =39 

BOLIVIA. 

I  Centena  =0      .37 

100  Centenas i  Dollar  =31 

ARGENTINE  CONFEDERATION. 

I  Centesimo  =0      .25 

1 00  Centesimos i  Dollar,  or  Patercon  =21 

URUGUAY. 

I  Centime  =   o    o>4 

100  Centimes. i  Dollar  =42 

PARAGUAY. 

I  Centena  =0      .37 

100  Centenas. i  Dollar  =31 

AUSTRALASIA. 

ccounts  are  kept  in  pounds,  shillings,  and  pence  sterling. 


WEIGHT    AND    SPECIFIC    GRAVITY. 


The  specific  gravity,  or  specific  weight  of  a  body,  is  the  ratio  which  the 
weight  of  the  body  bears  to  the  weight  of  another  body  of  equal  volumej 
adopted  as  a  standard  for  comparison  of  the  weights  of  bodies.  For  sol 
and  liquids,  pure  water  at  the  mean  temperature  62°  R,  is  adopted  as  die 
standard  body  for  comparative  weight  For  gases,  dry  air  at  32°  F.,  and,; 
under  one  atmosphere  of  pressure,  or  14.7  lbs.  per  square  inch,  is  the  boif] 
with  which  they  are  compared. 

The  specific  gravity  of  bodies  is  found  by  weighing  them  in  and  out  of 
water,  according  to  the  following  rules. 

Rule  i. — To  find  the  specific  gravity  of  a  solid  body  heavier  than  waUr.  J 
Weigh  it  in  pure  water  at  62°  F.,  and  divide  its  weight  out  of  water  by  the  . 
loss  of  weight  in  the  water.     The  quotient  is  the  specific  gravity. 

Note, — The  loss  of  weight  in  water  is  the  difference  of  the  weight  in  air 
and  the  weight  in  water,  and  it  is  equal  to  the  weight  of  the  quantity  of 
water  displaced,  which  is  equal  in  volume  to  the  body. 

Rule  2. — To  find  the  specific  gravity  of  a  solid  body  lighter  than  water. 
Load  it  so  as  to  sink  it  in  pure  water  at  62°  F.,  and  weigh  it  and  the  load 
together,  out  of  water,  and  in  water;  weigh  the  load  separately  in  and  out 
of  water;  deduct  the  loss  of  weight  of  the  load  singly  from  that  of  the 
combined  body  and  load ;  the  remainder  is  the  loss  of  weight  of  the  bochr 
singly,  by  which  its  weight  out  of  water  is  to  be  divided.  The  quotient  is 
the  specific  gravity. 

Rule  3. — To  find  the  specific  gravity  of  a  solid  body  which  is  soluble  in 
water.  Weigh  it  in  a  liquid  in  which  it  is  not  soluble;  divide  the  wei^t 
out  of  the  liquid  by  the  loss  of  weight  in  the  liquid,  and  multiply  by  the 
specific  gravity  of  the  liquid.  The  product  is  the  specific  gravity  of  the 
body. 

Rule  4. — To  find  t/ic  specific  gravity  of  a  liquid.  Weigh  a  solid  body  in 
the  liquid  and  in  water,  as  well  as  in  the  air,  and  divide  the  loss  of  weight 
in  the  liquid  by  the  loss  of  weight  in  water.  The  quotient  is  the  specific 
gravity. 

Rule  5. — To  find  the  weight  of  a  body  when  the  specific  gravity  is  given. 
Multiply  the  specific  gravity  by 

MULTIPLIER.  WKIGHT  OF 

62.355  (^^^  weight  in  pounds  of  a  cubic  foot  of 

pure  water  at  62°  F.) =1  cubic  foot,  in  lbs. 

1683.60 =  I  cubic  yard,  in  lbs. 

15.0  • =1  „  incwts. 

.75   =1  n  intons. 
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Noti. — As  one  cubic  foot  of  water  at  62°  F.  weighs  about  1000  ounces 
(exactly  997.68  ounces),  the  weight  in  ounces  of  a  cubic  foot  of  any  other 
substance  will  represent,  approximately,  its  specific  gravity,  supposing 
vater=  1000. 

If  the  last  three  places  of  figures  be  pointed  off  as  decimals,  the  result 
win  be  the  specific  gravity  approximately,  water  being  =  i. 

In  France,  the  standard  temperature  for  comparison  of  the  density  of 
bodies,  and  the  determination  of  their  specific  gravities,  is  that  of  the 
maximum  density  of  water, — ^about  4°  C,  or  39°.!  F.,  for  solid  bodies;  and 
32°  F.,  or  o*'  C,  for  gases  and  vapours,  under  one  atmosphere  or  .76  centi- 
metres of  mercury.  In  practice,  it  is  usual  to  adopt  the  cubic  decimetre  or 
Etie  as  the  unit  of  volume,  since  the  cubic  decimetre  of  distilled  water,  at 
4*  C  weighs,  by  the  definition,  i  kilogramme.  Consequently  the  specific 
Bi?ity  of  a  body  is  expressed  by  the  weight  in  kilogrammes  of  a  cubic 
dednietre  of  that  body. 

The  densities  di  the  metals  vary  gready.  Potassium  and  one  or  two 
odiers  are  lighter  than  water.  Platinum  is  more  than  twenty  times  as 
heavy.  Lead  is  over  eleven  times  as  heavy ;  and  the  majority  of  the  useful 
■letals  are  from  seven  to  eight  times  as  heavy  as  water. 

Stones  for  building  or  other  purposes  vary  in  weight  within  much 
aanower  limits  than  metals.  With  one  exception,  they  vary  from  basalt  and 
granite,  which  are  three  times  the  weight  of  water,  to  volcanic  scoriae  which 
ae  lighter  than  water.  The  exception  referred  to  is  barytes,  which  is  con- 
ipicuously  the  heaviest  stone,  being  4^  times  as  heavy  as  water.  The 
nlphate  of  baryta  is  known  as  heavy  spar. 

Amongst  other  solids,  flint-glass  has  three  times  the  weight  of  water;  clay 
and  sand,  twice  as  much;  coal  averages  one  and  a  half  times  the  weight  of 
water;  and  coke  from  one  to  one  and  a  half  times.  Camphor  has  about 
the  same  weight  as  water. 

Of  the  precious  stones,  zircon  is  the  heaviest,  having  four  and  a  half 
times  the  weight  of  water;  garnet  is  four  times  as  heavy,  diamond  three 
and  a  half  times  as  heavy,  and  opal,  the  lightest  of  all,  has  just  twice  the 
weight  of  water. 

Peat  varies  in  weight  from  one-fifth  to  a  Utde  more  than  the  weight  of 
water. 

The  heaviest  wood  is  that  of  the  pom^ranate,  which  has  one  and  a  third 
times  the  weight  of  water.  English  oak  is  nearly  as  heavy  as  water,  and 
heart  kA  oak  is  heavier;  the  densest  teak  has  about  the  same  weight  as 
water;  mahogany  averages  about  three-fourths,  elm  over  a  half,  pine  from 
a  half  to  three-fourths,  and  cork  one-fourth  of  the  weight  of  water.  Of  the 
colonial  woods,  the  average  of  22  woods  of  British  Guiana  weighs  74  [>er 
cent  of  the  weight  of  water;  of  36  woods  of  Jamaica,  83  per  cent;  and  of 
18  woods  of  New  South  Wales,  96  per  cent 

Wood-chaicoal  in  powder  averages  one  and  a  half  times  the  weight  of 
water;  in  pieces  heaped,  it  averages  only  two-fifths.  Gunpowder  has  about 
twice  the  weight  of  water. 

Of  animal  substances,  pearls  weigh  heaviest,  two  and  three-quarter  times 
the  weight  of  water;  ivoiy  and  bone  twice,  and  fat  over  nine-tenths  the 
weight  oi  water. 

Qi  v^ietabk  substances,  cotton  wei^  about  twice  as  much  as  water; 
gmta-percfaa  and  caoutchouc  neaxly  the  same  weight  as  water. 
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Mercury,  the  heaviest  liquid  at  ordinary  temperatures,  has  over  tU 
and  a  half  times  the  weight  of  water;  and  bromine  nearly  three  tiiiiti 
weight  The  water  of  the  Dead  Sea  is  a  fourth  heavier,  and  ordinti| 
water  two  and  a  half  per  cent  heavier  than  water;  whilst  olive-oil  is  I 
one-tenth  lighter,  and  pure  alcohol  and  wood-spirit  a  fifth  lightor 
water. 

Turning  to  gaseous  bodies,  water  at  62^  F.  has  772.4  times  the  w6% 
air  at  32°  F.,  under  a  pressiu-e  of  one  atmosphere;  and  the  specific  gi 
of  air  at  32®  F.  is  .001293,  that  of  water  at  62°  F.  being  =  i.  Oxygd 
weighs  a  tenth  more  than  air,  gaseous  steam  weighs  only  five-eighths  « 
and  hydrogen,  the  most  perfect  type  of  gaseity,  has  only  seven  per  cm 
the  weight  of  air.  Water  has  upwards  of  11,000  times  the  weq^ 
hydrogen. 

One  pound  of  air  at  62''  F.  has  the  same  volume  as  a  ton  of  quartit 

The  following  Tables,  Nos.  65  to  69,  contain  the  weights  and  tpa 
gravities  of  solids,  liquids,  and  gases  and  vapours.  The  specific  grt 
have  been  derived  from  the  works  of  Rankine,  Ure,  Wilson,  Claudd 
Peclet,  Delab^che  and  Playfair,  Fowke,  and  others  whose  names  are 
tioned  in  the  body  of  the  tables.  Columns  containing  the  buB 
bodies  have  been  added  to  the  tables. 

The  specific  gravity  of  alloys  does  not  usually  follow  the  ratios  of 
of  their  constituents;  it  is  sometimes  greater  and  sometimes  less  tha 
mean  of  these.  Ure  gives  the  specific  gravities  of  some  alloys  of  coppe 
zinc,  and  lead,  examined  by  Crookewitt  The  following  are  the  q) 
gravities  of  the  alloys,  as  ascertained  by  Crookewitt;  and,  for  the  pu 
of  comparison,  they  are  preceded  by  the  specific  gravities  of  the  parti 
samples  of  the  elementary  metals  employed. 

SPEaFIC  GRAVITY. 

Copper 8.794 

Tin 7.305 

Zinc 6.860 

Lead 11-354 

Alloys: — Copper  2,  tin    5 7652 

Copper  I,  tin    i 8.072 

Copper  2,  tin    i 8.512 

Copper  3,  zinc  5 7.939 

Copper  3,  zinc  2 8.224 

Copper  2,  zinc  i 8-392 

Copper  2,  lead  3 io-753 

Copper  I,  lead  i io-375 

Tin        I,  zinc  2 7.096 

Tin        I,  zinc  i 7-ii5 

Tin        3,  zinc  i 7.235 

Tin        I,  lead  2 9-9^5 

Tin        I,  lead  I 9-394 

Tin        2,  lead  I 9-025 

The  following  binary  alloys  have,  on  the  one  side,  a  density  greatei 
the  mean  density  of  their  constituents;  and,  on  the  other  side,  a  d< 
less  than  the  mean  density  of  the  constituents. 
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^    ilofshivnv a  deonty  greater  than  the  mean. 

Gold  and  zinc 

Gold  and  tin. 

Gold  and  bismuth. 

Gdd  and  antimony. 

Gold  and  cobalt 

Silver  and  zinc 

Silver  and  lead 

Silver  and  tin. 
Silver  and  bismuth. 
Silver  and  antimony. 
Copper  and  zinc 
Copper  and  tin. 
Copper  and  palladium. 
Copper  and  bismuth. 
Lead  and  antimony, 
nadnum  and  molybdenum. 
FaBadiura  and  bismuth. 


Alloys  having  a  density  less  than  the  mean. 

Gold  and  silver. 
Gold  and  iron. 
Gold  and  lead. 
Gold  and  copper. 
Gold  and  iridium. 
Gold  and  nickel. 
Silver  and  copper. 
Iron  and  bismuth. 
Iron  and  antimony. 
Iron  and  lead. 
Tin  and  lead. 
Tin  and  palladium. 
Tin  and  antimony. 
Nickel  and  arsenic. 
Zinc  and  antimony. 
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TABLE  No.  65.— VOLUME,  WEIGHT,  AND   SPECIFIC  GIU 

OF  SOLID   BODIES. 


FAMILIAR    METALS. 

Platinum 

Gold 

Mercury,  fluid 

Lead,  milled  sheet 

Do.   wire 

Silver 

Bismuth 

Copper,  sheet 

Do.     hammered 

Do.     wire 

Bronze : — 84  copper,  16  tin,  gun  metal 

83       »       ^7  »  »        

81         V         19    yy  »»  

79       „       21   „    mill-bearings 

35       „      65  „    small  bells 

21       jt      79  w  »        

15       „       85   „    speculum  metal... 

Nickel,  hammered 

Do.    cast 

Brass: — cast 

75  copper,  25  zinc,  sheet 

66       „      34    »     yellow 

60       „      40    „     Muntz's  metal,  ... 

Brass,  wire 

Manganese 

Steel : — Least  and  greatest  density 

Homogeneous  metal 

Blistered  steel 

Crucible  steel 

Do.        average 

Cast  steel, 

Do.      average 

Bessemer  steel 

Do.  average 

Mean  for  ordinary  calculations 

Iron,  wrought: — Least  and  greatest  density... 

Common  bar 

Puddled  slab ". 

Various — Irons  tested  by  Mr.  Kirkaldy 

Do.  average 

Common  rails 

Do.  average 

Yorkshire  iron  bar 

Lowmoor  plates,  i)4  to  3  ins.  thick.... 

Beale's  rolled  iron 

Pure  iron  (exceptional),  by  electro- } 

deposit  (Dr.  Percy) ] 

Mean,  for  ordinary  calculations 


•  •  • 


Weiehtofooe 
cubic  foot 


pounds. 

1342   . 
1200 

849   . 

712 

704   . 

617   . 

549 
556  . 

554 

534  . 
528 

528 

544 
503  . 

461 

465   . 

541 
516  . 

505 
527  ., 

518 

511   .. 

533 

499  •• 

435  to  493 

493  .. 
488 

...488  to  490.. 

489 

489  to  489.5 

489.3 

...489  to  490.. 
489.6 

489.6  .. 
466  to  487 

471  .. 

460.5  to  474 
...468  to  486.. 

477 
...466  to  476.. 

470 


•  •  • 


•  •  • 


484 
487 
476 

508 

480 


,.  21. 

II. 
..  II. 

la 

•  I 

.  a 
a 

.  a 
a 

...   o< 

a 
...    a 

7 
...    7. 

a 
...    a 

a 
...  a 

a 
...    a 

a 
...  a 
7.7291 
...  7 

7 

7.825 1 

7 

7.8441 

7 

7.8441 

7 
..  7. 

7.47 1< 
..  7. 

7.53  < 

..  7.5 1 

7. 

7.47 1 

7. 
..  7. 

7. 
..  7. 

a 
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[AR  Metals  {amtinufd). 

«east  and  greatest  density 

Vhitc 

Jray 

^glmton  hot'blast,  ist  melting.. 

2d      do.    .. 

14th    do.    .. 

Lennie 

fallett 

lean,  for  ordinary  calculations. 


Wctffat  of  one 
cubic  fooC 


Specific  Gntvity. 


nought, 
ist 


THER    METALS. 


poonds. 

37S.25  to  467.66 

468 

449      • 

435 

435      . 
470 

435  to  444... 

442 

450 

462 

449      • 
428 

418       . 

167 

160 

108.5 


1 165.0 

1 147.0 

1097.0 

742.6 

735.8 
660.9 
623.6 

542.5 

537.5 
536.2 

530.0 

381.0 

374.1 

361.5 

330.5 

158.4 

131.0 

98.5 

94.8 

60.5 

53.6 
37.0 


Water=i. 

6.900  to  7.500 

7.50 

7.20 

6.969 

6.970 

7.530 

6.977  to  7. 1 13 

7.094 
...        7.217 

7.409 

7.20 

6.86 
6.71 
2.67 
2.56 

1.74 


18.68 
18.40 
17.60 

II.QI 

11.80 

10.60 

10.00 

8.70 

8.62  . 

8.60 

8.50 

6.1 1 

6.00 

5.80 

5.30 

2.54 
2.10 

1.58 

1.52 

0.97 

0.86 

0.59 


PRECIOUS    STONES. 


I  marine.. 


Specific  Gravity. 
...     4.50 

3.60  to  4.20 

...      4.01 

3.98 

..      3.95 

2.73 
...      3.92 

3.95 

3.50  to  3.53 


Diamond,  Pure 

Boart 

Topaz 

Tourmaline 

Lapis  lazuli 

Turquoise 

Jasper,  Onyx,  Agate.... 

Beryl 

Opal 


Specific  Gravity. 
...      3.52 
3.50 
...      3.50 

3.07 

...      2.96 

2.84 

2.6  to  2.7 
2.68 
...    2.09 
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Spathic  iron  ore 

Clydesdale  iron  ores 

Basalt 

Limestone,  Magnesian 

Do.       Carboniferous 

Marblei— Paros 

African 

Siberian 

Fyrenean 

Carrara 

Egyptian,  green 

Florentine,  Sienna... 

Trap,  touchstone 

Granite,  Sienite,  gneiss 

Do.      Gray 

Porphyry 

Alabaster,  Calcareous 

Do.      Gypseous 

Chalk,  Air-dned 

Slate 

Serpentine 

Potter's  Stone 

Schist,  Slate 

Do.    Rough 

Lava,  Vesuvian 

Talc,  Steatite 

Rock  Crystal 

Do.   Crystalline 

Do.  for  paving 

Do.  porous,  for  millstones.... 

Do.   flaky,  for  do. 

Flint 

Felspar 

gypsum 

Sandstone 

Tufa,  volcanic 

Scoria,     do 


^^t^^l 


6.84    . 
7.05 
9.16 
9.38 
11.76 


15.6 

14.9  to  M 
1 3.8  to  1 2 


.     ,j.8     .. 

IS.6 
16.0  to  14.7 

16.3 


■  337-4 
317.6 

,.     344-6 
238.8 

■  190.5 
277-S 

152.8  to  187. 
160,3  to  18 

178.3 

t68.o 

177.. 

174.6 
,.      170.2 

I7a3 
,.     169.6 

166.5 

16J.2 


174.6 
..      174.6 

[iz.8toi73. 
106.6  tc 

163.4 

165.2 
162,8  to  169.' 

165.1 

■■      'S5'9 

78.6 

..      159.0 

164.0 


162.1 

1434 
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It  Wdghloron 


with  base  of  potash  'i 
do.  do.        I 

with  base  of  soda... 


at  I,  and  shingle  id 
nt,  rubble,  and  sand 

at  t,  and  sand  2 

cement  i ,  and  sand  2 


wbed  of  the  Clyde;- 
and  a  few  pebbles,  1 
a  box,  loose,  not  > 
nearly  dry ) 

^ileinch,  dry,  and  ) 
lacked,    containing  I 

-aihcr  compact  and } 
pressed  intothebox  { 
sharp   gravel,  well  I 


jw  bank  (sand),  wet,  ) 


24.3 
18.6 


3.00 
2.70 
3.70 
2.50 
2.49 
2.46 


20.4to  i9,s    . 
19.410  15.6 
22.4  to  18.9 


152.8 

152.I 

77-9 


15.3  to  143.4  1 

99.8  10I.8.S  I 

146 


148 
1.56 
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Mineral  Substances  (rrtTffAnaa/).  - 

Materiaisinthebedofthcayde:- 
Sand  opposite  ErskJne  House, ) 

wet,  pressed 

Alluvial  earth,  pressed 

Do.        do.     loose 

Plaster; — 24  hours  after  using... 

3  months  after  using ... 
Coal,  Anthracite  (see  Seel.  Coal) 
Bituminous      do.         do. 
Boghead  (cannel)  do.    do. 

Coke 

Phosphorus 

Camphor. 

Melting  Ice 


CuUc  feet  u  we  Wd^t  of  c 
ton.«lid.       I    ^M,« 


85.41099.1 

74.8  to  81.7 

74-8 
574  10  103.5 


1 

1.30M 


COALS. 

{Dclitbeche  and  Plajfair.) 

Welsh: — Anthracite 

Porlh  M a wt  (highest) 

Llynvi  (one  of  the  lowest) 

Average  of  37  samples 

Newcastle:— Hedley's  Hartley  (highest)  ...  ' 
Original  Hartley  (one  of  the  lowest)  1 

Average  of  iS  samples 

Derbyshire  and  Yorkshire:— Elsecar. 

Butterlcy 

Stavely 

Loseoe,  soft 

Average  of  7  samples  , 
Lancashire: — LalTack  Bushy  Park  (highest)   1 
Cannel,  Wigan  (lowest)... 

Average  of  28  samples 

Scotch:— Grangemouth  (highest) 

Wallsend  Elgin 

Average  of  8  samples. 

Irish" — Slievardagh  Anthracite 

Warlich's  artilicial  fuel 

[Nicoll  and  Lynn.) 
South    Lajicashire    and    Cheshire    Coals,  I 
average  of  14  samples 


45.6 
45-3 
47-4 
47-3 


47.4 
42.6 
46.4 


58.3       j 


49-9 
45-9 
45-9 

52.6 
48.3 
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(compri^  an 
azDOunt  of  water 
Lo  25  percent): — 
n>er  mos  peat ... 
^t  moss  peat ..... 

xywn  peat^ 

lack  peat.. 

at... 

re  sam{^es 

r  observation.) 
>per  brown  peat .. 
'  compact  lower ) 

'w  drtSS^A.. . ........ 

peaL 

iKd  Sullivan^ 
f   light,   spongy) 

>eat J 

ce  peat.. 

dark  brown  peat 
:  blackish  brown  ) 

peat ] 

y  dense  jet  black  1 

y   dense,   dark, ) 
brown  peat ) 

Tmarsck.) 

,  Hanover 

It,    do 

t,      do 


Cable  feet  per 
ton,  ft^tfc-*^ 


cubic  feet. 


...569.60. 

254.20 
...147.00. 

131.28 
...   99.36. 

2oa29 


188.0 

155.5 
141.75. 


Weachtof 
CDbkfeot, 


Wculitof 
cobicfoot. 


pounds. 


6.06 

as  I 
15.13 
17.06 
22.54 
II. 18 


11.92 
14.40 
15.80 


poaDOs. 


5 1 .2  to  4ao  43.75  to  56.8 


62.5  to  81. 1 

13.7  to  21.0 

2a9to25.3 
29.7  to  41.7 
40.5  to  44.5 

45.1  to  61.3 

53.2  to  61.8 
66.0   . . . 


6.9  to  16.2 
15.01041.8 
25.61056.1 
38.7  to  64.2 


Specific 
Gravity. 


W«er=i. 


i.o  to  1.3 


.2 19  to  .337 

.335  to  405 
.476  to  .669 

.65010.713 

.724  to  .983 
.725  to  .991 
...  1.058 


.II  to  .26 
.24  to  .67 
.41  to  .90 
.62  to  1.03 


FUEL    IN    FRANCE. 

{ClaudeL) 
lite 

vith  a  long  flame , 

ith  a  long  flame 

ard  coal 

L 

iminous. 

•erfect 

ld^]!!!!!!!»!!!!Z»!!!!!!!!!! 

lack 

rown 


Wcleht  of 
one  cubic  fooL 


pounds. 


..     145.3      .. 

83.5  to  91.0 
79.8  to  84.8 

84.8 
..       82.3      .. 

79.8  to  81. 1 

77.9  to  84.2 
72.3  to  74.8 

68.6  to  74.2 
81.7 

...     72.3    .. 

66.7 
...     51.7     .. 

66.1 


Specific  Gravity. 


Water  =  i. 
2.33 

.34  to  1.46 
.28  to  1.36 

1.36 
1.32 

.28  to  1.30 
.25  to  1.35 
.16  to  1.20 
.10  to  1. 19 

I.3I 
1. 16 
1.07 
0.83 
1. 00 
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mbicfo 


Pomegranate , 

Boxwood 

of  Holland 

of  France 

Lignum  vitx 

Do.      Green.!!!!!!!!!!!!!.. 

Do.     Black 

Oak,  Heart  of. 

Do.  English 

Do.  European 

Do.  American,  Red. 

Lancewood. 

Rosewood 

Satin-wood. 

Walnut,  Green 

Do.     Brown 

Laburnum 

Hawthorn 

Mulberry      

Plum-tree     

Teak,  African 

Mahogany,  Spanish 

""         St.  Domingo. 

Honduras..... 

Beech 

Do.     with  30  per  c 

""      cut  one  year. 


Ash... 

Do.  with  20  per  ci 

Do.    with  10  per  cent  moisture. 

Holly 

Hornbeam , 

Yew 

Birch , 

Elm. 

Do.  Green 

Do.  wiih  20  per  cent  moisture 

Yoke-Elm     do.  da 

Rock-Elm 

Fir,  Norway  pine 

Do.  Red  pine 

Do.  Spruce 

Do.  Larch 

Do.  White  pine,  English 

"-  '"  Scotch 

do.    20  per  cent  moisture- 
Do.  Yellow  pine 

Do,         do.        American 

American  Pine-wood,  in  cord  (heaped) 

Apple-tree 


84.3 
64-8 
82.3 

4as  to  82.9 

70-S 

75- S 

74-2 

73-0 

S8.0 
43.0  to  61,7 


574 
0-7 
55-5 

S4-3 


Si.i 

44.9    ... 

47.S 

47.S  - 
46.1  to  5a5 
44.9  to  46.1 

34.3 

47-S    - 

44-9 

47.S     •■- 

46.1     ... 

19  to  43.7 

29.91043.7 

31.18  to  39.9 

34.3    - 


34.3 
30.6 


.69taJ 

.67tBl 


"•JSi 


...   on  < 

..     a76 
a74  to  oil 
0,73  tOOJi 

o.ji 

..     o.y6 
aL8o 
..     a74 
OL4Stoa.j 
<X48  toaj 
ajotoM 
..     ass 
0-S3 


0^46 
0-34 
0-73 


OF  SOLID  BODIES. 


>  per  ceoL  moisture .. 
■ee- 


20  per  cent  moisture  .. 


INDIAN  WOODS. 


COLONIAL  WOODS. 

beart  ebony 


lea£. 

3iy  buUet-lree ,., 
lUy-tree.- 


andlewood 

d  cabbage  bark.... 
dogwood 


45-5 
..     44.3    ■■ 

43^ 
..     4as     .. 

41.8 

41.8  .. 
41.2 

..     40.5    ■■ 

374 
..     374    .- 

3+9 
..     374    .. 

36.8 
30.6  10  35.5 
19.  S  to  24.9 
.-     24-3    -. 

29.9  .. 


15.0 

4-74 


..  74.2  .. 
40.5  to  73.0 
..     73-0    .- 

..     62.36  .. 

61.7 
..     6as    .. 

60.5 
..     59.9    .. 

58.6 
..     58.6    .. 

58.0 


068 
0.65 
0.67 
0,67 
0.66 

0.60 
0.56 


049  to  aS7 
0.31  to  0.40 
■■     0-39 
0.32  to  a5i 
..     048 
0-49 
-     0.24 


_L 


0.898 
0.625 
0.658 

a625 


0-97 
0.97 
a96 
0194 
0.94 
0.93 
0-93 
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Colonial  Woods  (continue). 

Jamaica  (coniinued):— 

Wild  mahogany 

Cashaw 

Wild  orange 

Sweet    do,    

BuUet-lree  (bastard) 

Tamarind 

Do.      wild 

Prune 

*^v^™ 

Specific  <rS- 

...     S7.4    ... 

57-4, 

S>o  to  56.7 

...  gf  ... 
...  ISI  ... 
...  fi  .. 

5^-4 
...     48.0    .. 

48-0 
...     44.3    ..■ 

43.0 
...     43.0    ■■ 

43.4 
...     42-4    ... 

41.3 

■•  %i  •• 

...     34.9    •.■ 

34.3 
...     33-7     -.■ 

S2.I 

...     73.0    •.■ 
^^ 

:::  II : 
64.2 

...     63.«    ... 

63.0 
...     |,|    ... 

...     SM    ... 

.S9-9 
...     S9.;    ... 

...  r^ ... 
...  at ... 

41.3 
...  59.9  -.. 

65.5  to  68.0 

64.8 

...   64.2  ... 

63.36 

...   61.7  ... 

58.6 
...     S74    - 

-''.^•^ 

•  ^: 

-  S 

...    oM 

0* 
...    a77 

»7T 

=  1 

...     0.6S 
066    ' 

•  i| ; 
...  0.S6 

ass 

Beech 

Boxwood 

Lancewood 

Green  Mahi^any. 

Yacca. 

Cedar 

Calabash 

NEW  South  Wales;- 

...    a97 

KakaraUi 

...       I.IO 

Black      Do 

...     a89 

Blue      Do 

Cog  Wood 

Mahogany. 

Do.        swamp 

Gray  Gum 

■  JM 

Hickory 

Forest  Swamp  Oak 

Mean  of  8  woods  of  New  South  Wales.. 
British  Guiana:— 

Sipiri,  or  Greenheart 

W^laba 

Brown  Ebony 

■■■  -^ 

...    agS 

1.05  to  IM 
1.0* 

...     IJ>3 

Cuamara  or  Tonka 

Monkey  Pot 

Mora 

...    0.99 

aw 

...     093 

OF  SOLID  BODIES. 


CouwuL  Woods  {continuaf). 
•B  CvuNA  (fOntiHMd):— 


!ean  of  22  woods  of  British  Guiana... 

>OD-CHARCOAL  (u  powder). 
{Claudcl.) 


CHARCOAL  (in  small  pieces,  heaped)- 
{Claudtl.) 


4S.0 
44-3 
43-7 
42.4 
39-9 
37-4 
34.3 
46.1 


96-7 
9S-4 
93.9 

90-4 
93- S 


39-3 
34-3 
32.S 
28.7 
28.7 
36.3 
25-6 

22-5 


l^ 


ge  of  13  cbarcoals.. 


'•CHARCOAL  [aa  nude,  heaped), 
leech 


I 
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ANIMAL    SUBSTANCES. 

{ClaudeL) 

Pearls 

Coral 

Ivory 

Bone 

Wool 

Tendon  

Cartilage 

CrystaUine  humour 

Human  body 

Nerve 

Wax 

White  of  whalebone 

Butter 

Pork  fat 

Mutton  fat 

Animal  charcoal,  in  heaps 


VEGETABLE    SUBSTANCES. 

{ClaudeL) 

Cotton 

Flax 

Starch 

Fecula 

Gum — Myrrh 

Do.     Dragon 

Do.     Dragon's  blood 

Do.     Sandarac 

Do.     Mastic 

Resin — Jalap 

Do.      Guayacum 

Do.      Benzoin 

Do.      Colophany 

Amber,  Opaque 

Do.       Transparent 

Gutta-percha 

Caoutchouc 

Grain,  Wheat,  heaped 

Do.     Barley,      do 

Do.     Oats,         do 


Weight  of  one 
cubic  fooL 


•  •t 


pounds. 

.     169.6 
167.7 
.     1 19.7 
1 2.2  to  124.7 
.     100.4      ... 

69.8 
.       68.0      ... 

67.3 
66.7      ... 

64.9 
.       59.9      ... 

58.7 
.       58.7      ... 

58.7 
.       57.4      ... 


50  to  52 


I2I.6 

1 1 1.6 
954 

93.5 
84.8 

82.3 

74.8 

68.0 

66.7 

76.1 

74.8 

68.0 

66.7 

68.0 

67.3 
60.5 

58.0 

46.7 

36.6 

31-2 


Specific 


2.72 
2.69 
..      1.92 
1.80  to  100 

..     I.6I 

I.I2 


13 

094 

a9i 
a9i 
a9a 


0.80  to  (x>5 


I.9S 
1.79 

I.S3 
1.50 

1.36 

1.32 
1.20 

1.09 

1.07 

1.22 

1.20 

1.09 

1.07 

1. 00 

1.08 
0.97 

0.93 
0.75 

0.59 

0.50 


\ 

■1 


VARIOUS  SUBSTANCES. 
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£  Na  66.— WEIGHT  AND  VOLUME  OF  VARIOUS 
SUBSTANCES.    {Tredgold.) 


SUBSTANCE. 


Culuc  feet  per 
ton,  in  bulk. 


Weight  of  one 
cubic  foot,  in  bulk. 


npigs) 

^Pigs)- 

IT  marble  (in  blocks) 
erdeen,  in  blocks) ... 

mish,  in  blocks) 

in  blocks) 

•ne  (in  blocks) 

3ng  soil 

in  blocks) 

inon  stocks,  dry) 

ed)"!"»"""!!!"J'"!! 

istle  caking) ^ 

ct,oid) 


oibicfeet. 

4 
6.25 

13 
13.5 
14 
16 

17 

17 
18 

18 

21 

23.5 
24 

36 

39.5 

43 

45 

47 

59 

59 
280 


lbs. 

567 

360 

172 

166 

164 

141 

132 

130 
126 

123.5 
109 

95 

62.5 

57 

52 

50 

48 

38 

38 
8 


67.— WEIGHT   AND  VOLUME   OF  GOODS   CARRIED  ON 
)MBAY,  BARODA,   AND  CENTRAL  INDIA  RAILWAY. 


lonel  J.  P.  Kennedy,  Consulting  Engineer  of  the  Railway. 


SSIFICATION  OF  GOODS  CONVEYED. 


pressed  cotton  .... 

miture 

If-pressed  cotton .. 

tton  seeds 

K)l 

lit  and  v^etables. 

^ 


erages. 


Culnc  feet 
per  ton. 


cubic  feet 
>..  22/\.  ..< 

200 
...  186  .., 

186 
...  140.., 

100 
...  90.. 


174 


Weight  per 
cubic  foot. 


lbs. 
10 
II 
12 
12 
16 
22 

25 
13 


Cubic  feet 
per  ton, 
m  bulk 

(estimated). 


cubic  feeL 
...  280 
250 

...  233 

233 

...  175 
125 

...  113 
...217 


214  WhlGHT   AND  VOLUME  OF  GOODS. 

Goods  conveyed  over  the  Indian  Railway  {txntimud). 


Noll. — The  last  column  has  been  added  by  the  author;  the  quantities  are  calculated 
•ddioE  one-fourth  to  the  quantities  in  the  third  column,  to  give  approximate  eslimalC 
the  volume  occupied  in  waggons  by  the  goods,  or  the  spice  required  lo  load  a  too  oft* 
Idnd.     Sand,  No.  39,  lies  solid  in  any  situation. 


WEIGHT  AND  SPECIFIC  CRAVITV  OF  LIQUIDS. 


BL£  No.  68.- WEIGHT  AND  SPECIFIC  GRAVITY  OF 
LIQUIDS. 


UQUIDS  AT  3i-  F. 


icid,  maximum  concentration.. 


4e  Dead  Sea 

1,  of  coromercc 

d,  maximum  concentration... 

,  ordinary 

r  (distilled)  at  39M  F. 

^rdeaux 

iuTgundy 


9S-5  -- 
774 

76.2  ... 
67.4 

64.3  ... 
64.05 
61.425 
62.1 
6..9  . 
58.7 

...    S8.1  . 
S7-4 


.  136.0  . 
29.7 
18.4  . 


a92 
.  a93 

0.915 
.  0.87 

0.82 


irochloric... 
phuric...... 

roof  spirit,. 


69.3. 
67.4 
55-6  ■ 
55-6 


a89 
.  a87 

0.TI 
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WEIGHT,   ETC,  OF  GASES  AND  VAPOURS. 


TABLE  No.  69.— WEIGHT  AND  SPECIFIC  GRAVITY  0 

GASES  AND  VAPOURS. 


GASES  AT  33*   F.   AND  UNI>BK  ONE 
ATMOSPHBJRB  OF  PRBSSURB. 


Vapour  of  mercury  (ideal) 

Vapour  of  bromine 

Chloroform 

Vapour  of  turpentine 

Acetic  ether 

Vapour  of  benzine 

Vapour  of  sulphuric  ether .... 

Vapour  of  ether  (?) 

Chlorine 

Sulphurous  acid 

Alcohol 

Carbonic  acid  (actual) 

Do.  (ideal) 

Oxygen 

Air 

Nitrogen 

Carbonic  oxide. 

Olefiant  gas 

Gaseous  steam 

Ammoniacal  gas 

Light  carburetted  hydrogen .. 

Coal-gas  (page  458) 

Hydrogen 


Volume  of  one 
pound  weight 


cubic  feet. 

...  1.776  ••• 
2.236 

...  2.337  ... 
2.637 

...  4*075  ... 
4.598 

.  ••  4*79^  *** 

4.777 
...  5.077... 

5-513 
...  7.679... 

8.101 

. ..  o«i57  ... 

11.205 
...12.387 ... 

12.723 
...12.804... 

12.580 
...19.913... 

21.017 

28.279 
178.83    ... 


Weigfat  of  one  cubic  feoL 


in  pounds. 
...0.563    .., 

0447 
...0428    ... 

0.378 
...0.245     <'• 

0.217 
...0.209    .,. 

0.206 
...0.197    ,.. 

O.1814 
...0.1302  ... 

0.12344 
...0.12259 

0.089253 
...0.080728 

0.078596 
...0.0781  ... 

0.0795 
.0.05022 

0.04758 
...0.04462 

0.03536 
...0.005592 


m  ounces. 


...9.008    .. 

7.156 
...6.846    .. 
6.042 

..3.927     .. 
3.480 

..3.340    .. 

3.302 
,..3.152    .. 

2.902 
..2.083    •• 

1.975 
, . .  1 .961     .  • 

1.428 
..I.29165 

1.258 
..1.250    .. 

1.272 
..0.8035  .. 

0.7613 
..0.7139  .. 

0.5658 

..ao895 


I 


Ai 

.6 

S 

.5 

4 

•3 

a 


0 
•  c 

c 
.0 

« 
.0 

0 
.0 


TABLES  OF   THE   WEIGHT   OF    IRON   AND 

OTHER   METALS. 


Wh^gki  Irom. — ^According  to  Table  No.  65  of  the  Weight  and  Specific 
nkf  of  Solids,  the  weight  of  a  cubic  foot  of  wrought  iron  varies,  for 
bos  qualities,  from  466  pounds  to  487  pounds  per  cubic  foot,  and  the 
0^  weight,  taken  for  purposes  of  general  calculation,  is  480  pounds  per 
ic  foot  This  average  weight  is  equivalent  to  a  weight  of  40  pounds  per 
nc  foot,  I  inch  in  thickness — a  convenient  unit,  which  is  usually 
Joyed  in  the  development  of  tables  of  weights  of  iron  for  engineering 
Biinu£u:turing  purposes.  The  extremes  of  variation  from  this  medium 
,  extend  from  f^  pound  less,  to  about  ^  pound  more  than  40  pounds 
square  foot,  or  from  2.2  to  1.5  per  cent  either  way — a  deviation,  the 
Dt  of  which  is  of  litde  or  no  practical  consequence,  and  which,  at  all 
Is,  is  compzehended  in  the  percentages  allowed  in  the  framing  of 


be  average  we^ht  of  a  cubic  inch  of  wrought  iron  is 

^g  =  .277  pound, 

De-tenth  more  than  a  quarter  of  a  pound.  For  a  round  number,  when 
c  inches  are  dealt  with,  it  may  be,  and  is  usually,  taken  as  .28  pound, 
li  is  only  four-fiflhs  of  i  per  cent  more  than  the  medium  weight,  and 
esponds  to  a  weight  of  483.84  pounds  per  cubic  foot,  or  to  40.32 
ids  per  square  foot,  i  inch  thick,  or  to  10  pounds  i>er  lineal  yard, 
:Ji  square. 

he  volume  of  i  pound  of  wrought  iron  is  3.6  cubic  inches. 
^ed, — ^The  weight  of  a  cubic  foot  of  steel  varies  from  435  pounds  to 
pounds  per  cubic  foot,  and  the  average  weight  is  about  490  pounds 
nibic  foot  For  convenience  of  calculation,  the  average  weight  is  taken 
lie  following  tables,  as  489.6  pounds  per  cubic  foot,  for  which  the 
ific  weight  is  1.02,  when  that  of  wrought  iron  =  i.oo.  The  weight  of  a 
re  foot,  I  inch  thick,  is  40.8  pounds;  of  a  lineal  jrard,  i  inch  square, 

pounds;  and  of  a  cubic  inch,  .283  pound. 
he  volume  of  i  pound  of  steel  is  3.53  cubic  inches. 
tfj/  Iron. — ^The  weight  of  a  cubic  foot  of  cast  iron  varies  from  378^ 
dds  to  467^  pounds  per  cubic  foot,  and  the  average  weight  is  taken  as 

pounds.     The  weight  of  a  square  foot,  i  inch  thick  is,  therefore,  37.5 
ods;  of  a  lineal  yard,  i  inch  square,  9.375  pounds;  and  a  cubic  inch, 
pouiuL     The  specific  weight  is  .9375. 
he  vc^ume  of  i  pound  of  cast  iron  is  3.84  cubic  inches, 
he  fidlowing  data,  for  the  weight  of  iron,  are  abstracted  for  readiness 


2l8  WEIGHT  OF  METALS. 

Wrought  Iron,  Rolled. 

I  cubic  foot, 480  pounds,  or  4.29 

I  square  foot,  i  inch  thick, 40  pounds. 

I  square  foot,  3  inches  thick, 120  pounds,  or  1.07 

3  square  feet,  i  inch  thick, 120  pounds,  or  1.07 

I  lineal  foot,  i  inch  square, 3  jp^  pounds,  or  .03 

I  cubic  inch,  say 0.28  pound. 

3.6  cubic  inch, i  pound. 

I  lineal  yard,  i  inch  square, 10  pounds. 

I  lineal  foot,  3  inches  square, 30  p>ounds. 

I  lineal  foot,  6  inches  square, 120  pounds,  or  1.07  cwts. 

I  lineal  foot,  3  inches  by  i  inch  thick,     10  pounds. 
I  lineal  foot,  }i  inch  in  diameter,....       2  pounds. 
I  lineal  foot,  2  inches  in  diameter, »..     10.5  pounds. 
I  lineal  foot,  6^  in.  in  diameter,  about  i  cwt 

Cast  Iron. 

I  cubic  foot, 450  pounds,  or  4  cwti 

5  cubic  feet, i  ton. 

I  square  foot,  i  inch  thick, 37.5  pounds. 

I  squarefoot,  3  inches  thick  (^  cub.  ft),  11 2.5  pounds,  or  i  cwt 

3  square  feet,  i  inch  thick, 11 2.5  pounds,  or  i  cwt 

I  cubic  inch, 0.26  pound. 

3.84  cubic  inches, i  pound. 

The  Table  No.  70  contains  the  weight  of  iron  and  other  metals  for  4^^ 
following  volumes : — 

I  cubic  foot. 

I  square  foot,  i  inch  thick,  or  Via^h  of  a  cubic  foot 
I  lineal  foot,  i  inch  square,  or  '/lath  of  a  square  foot 
I  cubic  inch,  or  '/lath  of  a  lineal  foot 

A  sphere,  i  foot  in  diameter. 

The  specific  gravity  due  to  the  respective  weights  per  cubic  foot  is  also 
given,  and  likewise  the  specific  weight  or  heaviness,  taking  the  weight  of 
wrought  iron  as  i,  or  unity. 

The  next  Table,  No.  71,  contains  the  volumes  of  iron  and  other  metals 
for  the  following  weights : — 

I  ton,  in  cubic  feet 

I  cwt.,  in  square  feet,  i  inch  thick. 

I  cwt,  in  lineal  feet,  i  inch  square. 

I  pound,  in  cubic  inches. 

I  ton,  as  a  sphere,  in  feet  of  diameter. 

I  ton,  as  a  cube,  in  feet  of  lineal  dimension. 

The  next  Table,  No.  72,  contains  the  weight  of  1  square  foot  of  metals  of 
various  thickness,  advancing  by  sixteenths  and  by  twentieths  of  an  inch,  up 
to  I  inch  in  thickness. 

The  fourth  Table,  No.  73,  contains  the  weight  of  prisms  or  bars  of  iron, 
and  other  metals,  or  metals  of  any  other  uniform  section,  for  given  sectional 
areas,  varying  from  .1  square  inch  to  10  square  inches  of  section,  advancing 
by  one-tenth  of  an  inch,  for  i  foot  and  i  yard  in  length. 
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bis  table  is  useful  in  calculations  of  the  weights  of  bars  of  every  form, 
joBts,  beams^  girders,  tubes,  or  pipes,  &c.,  when  the  sectional  area 
en. 

e  table  is  available  for  finding  the  weight  of  a  metal  for  any  sectional 
ip  to  100  square  inches,  by  simply  advancing  the  decimal  points  one 
to  the  li^t;  or,  in  round  numbers,  up  to  1000  square  inches,  by 
dog  the  dedmal  points  two  places.  For  example,  to  find  the  weight 
light  iron  having  a  sectional  area  of  1 7  square  inches :  — 

For  1.7  square  inches,  the  weight  per  foot  is  5.67  pounds. 
For  17  square  inches,  the  weight  per  foot  is  56.7  pounds. 
For  170  square  inches,  the  weight  per  foot  is  567  pounds. 

Table  No.  70. — Weight  of  Metals. 


KTAU 


t  Iron. 
«- 


Cabic  Foot. 


Vt»,    or    cwts. 


Sheet 

Hammered 


asL. 
iTire. 
al... 


480  or 

450  or 

'489.6  or 

549  or 

556  or 

462  or 

437  or 

712  or 

505  or 

533  or 

524  or 

655  or 

1 200  or 

1342  or 


4.29 
4.02 

4.37 
4.90 
4.96 

4.13 

3.90 
6.36 

4.5" 
4.76 

4.68 

5.85 

10.72 

12.00 


Square  Foot, 
X  Inch  Thick. 


lbs. 


I 


40 

37. 
40. 

45.80 
46.30 
38.50 
36.40 
59.30 
42. 1  o 

44.40 
43-70 

54.60 
100.00 
III. 80 


cwts. 

•357 

.335 

.364 
.409 

•413 
.344 
.325 
.530 
.375 
.396 

.390 
.488 

.893 
1. 000 


Lineal 

Sphere. 

Foot. 

Cubic 

I  Foot 

Specific 

T  Inch 

Inch. 

Dia- 

Crtavity. 

Square. 

meter. 

lbs. 

lb. 

lbs. 

Water   ; 
=x. 

3-333 

.278 

^5} 

7.698 

3-125 

.260 

236 

7.217 

3400 

.283 

257 

7.852 

3.813 

.318 

287 

8.805 

3.861 

.322 

291 

8.917 

3.208 

.268 

242 

7.409 

3.035 

•253 

229 

7.008 

4.944 

.412 

373 

II.418 

3.507 

.292 

264 

8.099 

3-701 

.308 

279 

8.548 

3-639 

.304 

274 

8.404 

4.549 

8.333 

-379 

343 

10.505 

.694 

628 

19.245 

9.320 

.777 

703 

21.522 

Specific 
Weight. 


Wro'ghi 
Iron=i. 

1. 000 

•9375 
1.020 

1. 144 

1. 158 

.962 

.910 

1.483 
1.052 

I. no 

1.092 

1.365 

2.500 
2.796 


Table  No.  71. — Volume  of  Metals  for  given  Weights. 


KTAX. 


t  Iron. 
<n. 


Sheet 

Hammered 


rue. 
lad.. 


Cubic  Feet 
ioaT<»i. 


cubic  feet 
4.67 

4.98 
4.58 
4.08 

4.03 
4.86 

5.13 

3.15 

4.44 
4.20 

4.28 

3.42 
I.S7 
1.67 


Square  Feet, 
X  Inch  Thick, 
toacwt. 


square  feet 
2.80 
2.99 

2-75 
2.44 

2.42 

2.91 

3.08 

1.89 

2.67 

2.30 

2.56 

2.05 

1. 12 

I.OO 


Lineal  Feet, 

Cubiclnches 
to  a  lb. 

Diameter 

Side  of  a 

X  In.  Square, 
to  a  cwt 

of  a  Sphere 
of  X  Ton. 

Cube  of 
xTon. 

feet 

cubic  inches. 

feet. 

feet. 

33-6 

3.60 

2.07 

1.67 

35.8 

3.84 

2.12 

1. 71 

32.9 

3.53 

2.26 

1.66 

29.4 

3.15 

1.98 

1.60 

29.0 

3." 

1.98 

1.59 

34.9 

3.74 

2.10 

1.69 

36.8 

3.95 

2.14 

1.73 

22.7 

2.43 

I.81 

1-47 

31.9 

3.42 

2.04 

1.64 

30.3 

3.24 

2.00 

i.6x 

30.8 

3.30 

2.02 

1.62 

24.6 

2.64 

1.87 

^'^l 

13.4 

1.44 

1.59 

1.28 

12.0 

1.29 

1.47 

1. 19 
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Table  Na  73. — Weight  of  i  Square  Foot  of  Metau. 
Thickness  sdnncing:  by  Snteenlbs  of  an  Inch. 


Thick- 

Wk-t 

SI 

Sthi. 

CoFrH. 

Tw, 

Ziire. 

Brass. 

MSTAI. 

b 

SpKific 

Specific 

Specific 

Specific 

Specific 

Spedflc 

Specific 

Sp«6e 

JS 

Wt-.J.O 

i«._..«9i 

inch. 

lU. 

lb*. 

111. 

Ibt. 

lis. 

lU. 

Ita. 

Ite. 

J 

t 

a.  SO 

2.89 

:i: 

2.18 

7.89 

Ig 

i 

I 

X 

9-f3 

9.10 

10.5 

iol9 

ii,i 

11.7 

12.  S 

11.0 

H.4 

1 

M 

150 

14.  r 

153 

17-4 

\n 

13.7 

;s:i 

.6.4 

'75 

17.9 

W.3 

iK 

19. 1 

Si 

20,4 

23.2 

19-3 

ai.9 

I 

./,. 

21.5 

11  I 

2J.O 

26.0 

21.7 

10.5 

a3.7 

24-6 

» 

ii? 

S:S 

ti 

26.., 

r 

37-5 

15.0 

30.0 

300 

30.6 

34-7 

a7-3 

3a.8 

' 

r 

32.5 

fA 

33.a 

17.6 

31.3 

20.6 

3+1 

r. 

, 

3SO 

n 

40.5 

33.7 

3'.9 

i 

37.5 

35-2 

S5 

y-i 

39.  S 

41.0 

} 

375 

42.1 

437 

an  Inch. 

inch. 

11* 

lb.. 

lU. 

11* 

IbL 

11* 

lb.. 

lbs. 

■OS 

4.00 

1.88 

3- 75 

::a 

It 

il 

1.82 

3,64 

I,  II 

4-21 

2.19 
4-37 

' 

■  ■S 

6.00 

r^ 

7-5° 

7.70 

■  »5 

10.0 

9.3« 

10.2 

9.63 

9.10 

IO-5 

10.9 

s 

-V> 

1 1.0 

1 1.3 

12.2 

;i:l 

11.6 

10.9 

12,6 

>3.i 

1 

12,7 

16.8 

.40 

iS-o 

lb.  3 

2:1 

"54 

17.5 

■4S 

lil 

•7-3 

19.7 

■S" 

20.0 

20.4 

23.2 

19.3 

31.9 

1 

32.0 

20.6 

22.4 

27.8 

21.2 

30.0 

23-2 

aS-3 

H-4 

2SJ 

30.1 

25.0 

23.7 

27.4 

26.3 

It; 

295 
3'5 

10.6 

■7S 

30.0 

30.  b 

34-7 

=7-3 

33.8 

.80 

3*0 

30-0 

32.6 

37-0 

10.S 

Z9.1 

33-7 
35-8 

1^.» 

34-0 

3'2 

34-7 

39-4 

3*-7 

30.9 

37-* 

11I.0 

3S.6 

38.8 

38.6 

34.  t. 

4ao 

37-5 

40.8 

46-3 

3»-J 

36.4 

42.  r 

437 

Nettlo  TaNe 

>age.-T 

0  find  I 

S3? 

of  I  h 

neal  foot 

or  1  lineal  ! 

hunmei 

ed  iron. 

cppper,_ 

n.  line, 

or  lead. 

the  tab 

lar  wcifih 

for  roll» 

im 

iron  of  the  given  dimensions  hy  (he  following  multipliers,  lespectiveiy : — 

Hammered  Iron 1.008 l.oi  equivalent  to  I  per  cent  more 

Copper 1. 158 1.16  „         16       ,,         more 

'^■-  -^-  .  ,0  „  4       „         less. 


:;:..^:;: 


.1.48 
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Table  No.  73. — Weight  of  Metals,  of  a  given  Sectional  Area, 
PER  Lineal  Foot  and  per  Lineal  Yard. 


Ro 

^„. 

Cast  l><.ii. 

St 

KU 

Bi 

ASS. 

Gun  M»TAl. 

2: 

^WdihiiV. 

Sp-Wd^<=.„7^ 

Sp.Wc 

sh.=,.«. 

Sp.W=ght=..=S.- 

Sp,Wewht=i.o9i 

.f™. 

■  Vud. 

I  Fool 

.V»d. 

I  Foot. 

lYarf. 

.Fort. 

,Y«d, 

,F;;r 

TVard. 

i»» 

n«. 

llH. 

IbL 

Il>. 

Ite, 

ItH. 

IbL 

Jba. 

ih> 

ih.. 

■333 

1,00 

-313 

■9^ 

•340 

■35' 

i.os 

.364 

1-09 

J 

.667 

.635 

.680 

2.04 

.701 

.728 

IS 

•3 

3.00 

.938 

aisi 

3-06 

1,05 

3:^6 

1.09 

3 

■4 

'-33 

4.00 

i.iS 

3-7S 

'-36 

4.08 

1.43 

1.46 

4 

37 

■i 

1.67 
Z.00 

l:S 

::i 

4.69 

1.70 

3 

k\l 

1-75 

5^26 
6-31 

1,81 
2.18 

5 

46 

55 

•] 

».33 

a.  19 

7-14 

2:^6 

7-36 

2-55 

7 

64 

2-67 

&M 

If, 

7.50 

2.72 

8.16 

2.81 

8.42 

2.91 

» 

I* 

-9 

3-a) 

9.00 

'a 

3.06 

9.18 

3.16 

9.47 

3. 28 

9 

83 

LO 

3-33 

3-'S 

3.40 

3.S' 

10,  s 

3.64 

IC 

9 

LI 

367 

II. 0 

3-44 

10.3 

3.74 

1 1. a 

3.86 

11.6 

4.00 

0 

LI 

4.00 

3-75 

11.3 

4.08 

4.21 

12.6 

4.37 

"■1 

*33 

13.0 

4.06 

4.42 

13-3 

4-56 

'37 

4-73 

14 

L4 

+67 

14.0 

tt 

131 

4.76 

14-3 

4-9" 

14.7 

5.10 

15 

3 

"-S 

S-oo 

15.0 

5. 10 

'S-3 

5.26 

'5.8 

5-46 

16 

4 

Li 

5  33 

t6.a 

5.00 

15,0 

5-44 

.6.3 

5-61 

16.8 

S.82 

'7 

S 

LT 

5-67 

17.0 

5-3' 

15.9 

S.78 

'73 

5.96 

17-9 

6.19 

18 

6 

Lt 

&00 

1S.0 

5.63 

.6,9 

6.12 

18.4 

i'31 

■8.9 

5.5s 

19 

7 

1-9 

633 

19.0 

S-9* 

:7.8 

6.46 

19-4 

6.66 

6.92 

8 

66? 

6.25 

18.S 

6.80 

20.4 

7.01 

21,0 

7.28 

2 

8 

11 

7.00 

JI.0 

t^ 

19.7 

7- '4 

21,4 

7.36 

II.  1 

7.64 

9 

;-33 

W.6 

7.48 

22.4 

7-72 

23.1 

S.oi 

24 

'J 

;-67 

13.0 

7.19 

31.6 

7,82 

23-5 

8.07 

24.2 

8.37 

2 

M 

8-00 

24-0 

7-5° 

22.  S 

8.16 

24- S 

8. 42 

25-3 

8,74 

26 

ti 

S-33 

15.0 

7.1. 

'3-4 

8.5a 

355 

8.77 

26.3 

9.1Q 

2 

3 

S.67 

8.  .J 

24-4 

8.^4 

26.5 

9-12 

27.4 

9.46 

28 

4 

a 

*oo 

27.0 

844 

2S-3 

9.. 8 

27.5 

9-47 

28.4 

9.83 

29 

5 

9-33 

2S.0 

lu 

26.3 

9.51 

28.6 

9.82 

29-5 

3c 

6 

»» 

9,07 

29.0 

27.2 

9,S6 

29.6 

30.5 
3'.S 

10.6 

3 

7 

v> 

30.0 

938 

23.1 

10.2 

30.6 

.0.5 

10.9 

3 

8 

it 

laj 

31.0 

9.69 

29.1 

10.5 

31-6 

10.9 

32.6 

11.3 

3 

9 

M 

10.7 

33.0 

30.0 

10.9 

32.6 

33-7 

11.7 

34 

9 

» 

33° 

10.3 

309 

33.7 

ii!6 

34-7 

3« 

M 

'I.J 

34.0 

10.6 

3'-9 

ii!6 

34-7 

1 1.9 

^li 

3 

S 

l'-7 

3S-0 

10,9 

32.8 

11.9 

35-7 

12.3 

36.8 

12.7 

3 

36.0 

II. 3 

33-8 

36.7 

12.6 

37.9 

'3-1 

3S 

-3 

S 

'J.3 

370 

11.6 

34.7 

T2.6 

37.7 

13.0 

38.9 

13-8 

4 

1*7 

38.0 

11.9 

35.6 

12.9 

3S.8 

'33 

40.0 

■5 

M 

ll-O 

39-0 

36.6 

'3-3 

39.8 

'3-7 

41.0 

6 

V> 

'3-3 

4a  0 

"■S 

37.5 

13-6 

40.8 

14.0 

42,1 

14.6 

4 

7 

»-i 

'37 

4..0 

II.8 

38.4 

13-9 

41.8 

14.4 

43.1 

'4-9 

44 

8 

M 

H.0 

42.0 

13-1 

39-4 

>4-3 

42.  S 

"4-7 

44.2 

iS-3 

-9 

« 

•4-3 

43.0 

«3-4 

40-3 

14.6 

43-9 

15.1 

15.7 

4t 

.9 

1.4-7 

44.0 

.3-8 

4'-3 

'5-0 

44-9 

15.4 

46' 3 

16.0 

4 

.0 

« 

15-0 

45.0 

14.1 

42.1 

15.3 

45-9 

JS.8 

47-3 

16.4 

4 

** 

'5-3 

46.0 

14.4 

43-1 

15.6 

46.9 

4S,4 

16.7 

5t 

♦7     15.7 

47.0 

14-7 

44-1 

t6.o 

47.9 

1   'H 
16.8 

49.4 

17.1 

S 

■3 

Kl      16.0 

48.0 

IJ.O 

45-0 

16.3 

49.0 

50.5 

'H 

5 

-4 

i9     16,3 

49.0 

iS-3 

4S-9 

.6.7 

50.0 

51.6 

17.8 

5 

■5 

S.0     ,^7 

50-0 

.5.6 

46.9 

17.0 

5'o 

"75 

52.6 

18.2 

5  .6 

WEIGHT  OF  METALS. 
Table  No  73  (amiinued). 


WB,«" 

h"i«n 

C*ST 

IHON, 

s 

MU 

B 

AB, 

Gun  Hi 

SiCT. 

^^W 

ighl=.,' 

5p,Wdghl=.,3,s 

Sp.Wrighl=,.« 

Sp,W«gl«=,.oi= 

Sp.Wo,h. 

■  Fool 

.Yjixd, 

.Foot, 

.Y«d, 

,Fqol 

1  Vafd. 

.Fool 

1  VinL 

I  Feat 

Bl,  in. 

IIh. 

lln. 

IbT' 

ibi. 

Ibf, 

Ibi. 

Ibt. 

11* 

Ibt, 

S-' 

17.0 

5' 

15-9 

47.8 

•7.3 

52,0 

17.9 

SJ-7 

18.6 

S-J 

'7-3 

52 

1B.3 

48,8 

17.7 

53-0 

1S.3 

54-7 

18.9 

S-3 

'7-7 

53 

16,6 

49-7 

tS.a 

54' 

tS.6 

55.8 

'9-3 

S-4 
5-5 

18.0 
'8.3 

54 
55 

° 

16.9 

17.2 

50.6 

51-6 

18.4 

(8.7 

li:; 

18.9 

19-3 

56.8 

57-9 

19.7 

5.6 

18.7 

56 

17s 

52.5 

19.0 

5'' 

19.6 

S&,9 

ii 

5.7 

19,0 

H 

17.8 

53-4 

19-4 

58.1 

60.0 

5a 

'93 

58 

18.1 

54-4 

19,7 

59.2 

20.3 

610 

5-9 

19.7 

59 

18.4 

55-3 

60.1 

20.7 

62.1 

a 

6.0 

60 

0 

I8.S 

56-3 

20,4 

61.1 

63-: 

6.1 

20.3 

61 

0 

19,1 

57-2 

20.7 

62,2 

ai.4 

64^ 

22,2 

6.2 

20.7 

62 

19.4 

58,1 

63.2 

21.7 

65^ 

22,6 

6.3 

63 

'9-7 

59.' 

21,4 

64.3 

66.3 

22.9 

6.4 

21.3 

64 

60.0 

21, g 

65.3 

22,4 

67.3 

23.3 

6$ 

21.7 

65 

20,3 

60,9 

66,3 

22,8 

6S,4 

23-7 

6,6 

66 

61,9 

22-4 

67.3 

23-1 

69,4 

24,0 

6.7 

22.3 

67 

20,9 

52,8 

22-8 

68,3 

23.  s 

70,5 

SI 

6.S 

22,7 

68 

2'-3 

63.8 

23-1 

69,4 

23.9 

7'.5 

6.9 

23-0 

69 

21.6 

64-7 

23.  S 

70,4 

24.2 

72.6 

25,1 

7.0 

33.3 

70 

0 

21.9 

65.6 

23-8 

71.4 

24-6 

73-6 

25J 

7-1 

23-7 

71 

0 

22,2 

66.6 

24.1 

72.4 

24-9 

74-7 

SI 

7,2 

24,0 

72 

22,5 

67. 5 

=+5 

73-4 

26:° 

in 

7-3 

24-3 

73 

22.8 

68.4 

24,8 

74-5 

26.6 

7.* 

24.7 

74 

23,1 

69-4 

25.2 

75- S 

77-9 

26.9 

7-5 

25.0 

^1 

234 

70.3 

a5.5 

76. 5 

78-9 

27-3 

7.b 

25-3 

76 

23,8 

71.3 

259 

77-5 

36.7 

80-0 

27,7 

7.7 

2S-7 

77 

24-1 

72,2 

26,2 

78. 5 

27.0 

81.0 

28.0 

7.8 

26.0 

78 

24.4 

73. 1 

26.5 

SI 

27,4 

82.. 

28.4 
28-i 

7.9 

26,3 

79 

24.7 

74.1 

26.9 

27.7 

83.. 

S.0 

26,7 

80 

0 

25.0 

75.0 

27.2 

81.6 

28.1 

84.2 

29-1 

g.i 

27,0 

Si 

0 

25-3 

75-9 

27-5 

82,6 

28.4 

&i 

29-5 

S.I 

27.3 

82 

25.6 

76-9 

27,9 

83,6 

28,8 

29.9 

8.3 

27.7 

83 

25-9 

77.8 

2S.2 

84.7 

29,1 

873 

30.2 

8.4 

28.0 

84 

26,3 

78.8 

38,6 

85,7 

29.5 
29.8 

88.4 

30-6 

8.S 

28,3 

85 

26,6 

79-7 

28,9 

£6,7 

89.4 

30.9 

8.6 

28,7 

S6 

26,9 

80.6 

29,2 

1^' 

30.2 

90.5 

3'3 

H 

29.0 

?I 

27-2 

81.6 

29,6 

!*Z 

30- 5 

915 

31-7 

8.8 

293 

ss 

in 

82.5 

29.9 

8g,B 

30-9 

92.6 

32.0 

8-9 

'9-7 

89 

83.4 

30.3 

90.8 

3'.2 

93.6 

32.4 

9.0 

30.0 

90 

0 

28,1 

84.4 

30.6 

9'.8 

3'-6 

94-7 

32,S 

9.' 

30-3 

9' 

0 

2S.4 

S5-3 

30.9 

92,8 

3'-9 

95-7 

33" 

g.2 

307 

92 

28.8 

86,3 

3'.3 

93.8 

32-3 
32-6 

96.8 

33-5 

9.3 

31.0 

93 

29-1 

tl-^ 

31.6 

94-9 

97.8 

33-9 

9-4 

3'-3 

94- 

29-4 

88,1 

32,0 

9S-9 

33.0 

98.9 

34-2 

9-5 

31-7 

9S 

29,7 

89.1 

32.3 

96,9 

33-3 

99.9 

34-6 

9.6 

32,0 

96 

30.0 

90.0 

32.6 

97-9 

33-7 

34-9 

9-7 

323 

97 

30.3 

9Q.9 

33.0 

98.9 

34-0 

3S-3 

9.S 

32,7 

98 

30.6 

91.9 

33.3 

34-4 

103. 1 

35-7 

9.9 

330 

99.0 

30-9 

92.8 

337 

34.7 

104.J 

36.0 

33-3 

3«-3 

93-8 

340 

102.0 

35-' 

105.2 

36-4 

See  note  at  foot  of  page  33a 
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Rules  for  the  Weight  of  Iron  and  Steel. 

The  following  rules  for  finding  the  weight  of  wrought  iron,  cast  iron, 
and  steel,  are  based  on  the  data  contained  in  Tables  No.  70  and  71. 

Rule  i. — ^To  find  the  Weight  of  Iron  or  Steel,  when  the  volume 
M  cubic  fed  is  given.     Multiply  the  volume  by 

4.29  for  wrought  iron, 
4.02  for  cast  iron, 
4.37  for  steel. 

The  product  is  the  weight  in  hundredweights. 

Rule  2. —  When  the  volume  in  cubic  inches  is  given^  multiply  the  volume 

.278  (or  .28)  for  ^Tought  iron, 
.26  for  cast  iron, 
.283  for  steeL 

The  product  is  the  weight  in  pounds. 

Rule  3. —  When  the  quantity  is  reduced  to  square  feet^  one  inch  in  thickness^ 
multiply  the  area  by 

40  for  wrought  iron, 

Ziyi  for  cast  iron, 

40.8  (or  41)  for  SteeL 
The  product  is  the  weight  in  pounds. 
Or,  multiply  the  area  by 

•357  ^or  wrought  iron, 
•335  ^OJ*  cast  iron, 
.364  for  steel. 

The  product  is  the  weight  in  hundredweights. 

Rule  4. —  When  the  sectional  area  in  square  inches,  and  the  length  in  feet, 
if  a  bar  or  prism  are  given,  multiply  the .  sectional  area  by  the  length, 
and  by 

3  V3  for  wrought  iron, 

3jl^  for  cast  iron, 

3.4  for  steel. 

The  product  is  the  weight  in  pounds. 

Fot  large  masses,  multiply  the  sectional  area  by  the  length,  and  divide 
the  [ooduct  by 

672  for  wrought  iron, 

717  for  cast  iron, 

659  for  steel. 

The  quotient  is  the  weight  in  tons. 

Rule  5. —  W?un  the  sectional  area  in  square  inches,  and  the  length  in  yards, 
if  a  bar  or  prism,  are  given,  multiply  the  sectional  area  by  the  length,  and  by 

10  for  wrought  iron, 
9.375  for  cast  iron, 
10.2  for  steel. 

The  product  is  the  weight  in  pounds. 
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Rule  6. — To  find  the  sectional  area  of  a  bar  or  vtasu  or  n 
OR  STEEL,  w/un  the  length  and  the  total  weight  are  ^vm.  Divide  the  wq 
in  pounds  by  the  length  in  feet,  and  by 

3  '/j  for  wrought  iron, 
3^  for  cast  iron, 

3.4  for  steel. 

The  quotient  is  the  sectional  area  in  square  inches. 

Rule  7. — To  find  the  length  of  a  bar,  prism,  or  other  foq 
OF  UNIFORM  SECTION  OF  IRON  OR  STEEL,  whm  the  totoi  weighl  and  Dir 
teetioiml  area  are  given.  Divide  the  weight  in  pounds  by  the  sectional 
in  square  inches,  and  by 

3  '/j  for  wrought  iron, 
3  ^  for  cast  iron, 
3.4  for  steel. 
The  quotient  is  the  length  in  feet. 

In  applying  the  last  rule  to  calcuble  the  length  of  wire  of  a  given 
for  a  given  weight,  say  1  cwt,  of  wire,  the  sectional  area  of  the  wire  ii 
found,  in  the  usual  way,  by  multiplying  the  square  of  the  thicknea  v 
diameter,  d,  by  .7854,  Then,  by  the  rule,  the  length  in  feet  of  1  cwL  rf 
iron  wire  is  equal  to 

11a  42.78 

In  the  same  way,  the  dividends  of  the  fractions  to  express  the  length  rf 
I  cwt.  of  Other  metals  may  be  found,  and  the  following  is  a  special  rule 
for  wire : — 

Rule  8. — To  fend  the  lenoth  of  one  hundredweight  of  wm 
OF  A  GIVEN  THICKNESS.  Divide  the  foUowing  numbers  by  the  square  of 
the  diameter  or  thickness,  in  parts  of  an  inch: — 

42.78  for  wTought  iron, 

42  for  steel, 

37.43  for  copper, 

38.54  for  brass, 

31.34  for  silver, 

17.12  for  gold, 

15.28  for  platinum. 
The  quotient  is  the  length  in  feet 

Note. — This  rule  may  be  used  for  finding  the  weight  of  round  bar  iron. 
2.  It  is  known  that  the  density  of  wire  is  not  perfectly  constant,  bot 
that  there  is  some  degree  of  variation,  according  to  the  size.  It  is  generally 
understood  that  the  density  is  reduced  as  the  wire  is  drawn  smaller,  bat 
it  appears  from  the  table  of  the  weight  of  Warrington  wire,  that  the  den^qr 
is  greater  for  the  smallest  sizes.  The  same  inference  is  to  be  drawn  from 
tabular  statements  of  the  length  of  one  kilt^ramme  of  wire  according  to 
the  French  gauge  (Table  No.  31,  ps^e  148),  One  of  these  statements  i» 
given  on  the  next  page,  from  which  it  is  apparent  that  the  length  of  iron 
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roqmred  to  weigh  a  'kilogramme  decreases  more  rapidly  than  the  sectional 
area  increases.     For  example,  the  diameter  being 

6,      12,       24,       30  tenths  of  a  millimetre, 
tbc  squares  of  which,  or  the  relative  volumes  of  a  given  length,  are  as 

h        4,       16,       25; 
he  lengths  of  a  kilogramme  are 
405,     115,      30,       20  metres, 

rhich  are  inversely  as 

h     3-5>       i3-5»    20.2. 

liowing  that  a  shorter  length  is  required  in  proportion  to  the  volume,  as 
be  diameter  of  the  wire  is  reduced,  and  that  the  density  of  the  smaller 
ire  must  therefore  be  the  greater. 

Table  No.  73^. — Weight  of  Galvanized  Iron  Wire  (French). 


No.  of  Gau^e. 

Diameter. 

Length  of 
X  Kilogramme. 

No.  of  Gauge. 

Diameter. 

1 

Length  of 
I  Kilogramme. 

millimetres. 

metres. 

millimetres. 

metres. 

I 

0.6 

405 

13 

2.0 

40 

2 

0.7 

370 

14 

2.2 

35 

3 

0.8 

260 

15 

2.4 

30 

4 

0.9 

215 

16 

2.7 

25 

5 

I.O 

175 

17 

3-0 

20 

6 

I.I 

140 

18 

3-4 

15 

7 

1.2 

"5 

19 

3-9 

10 

8 

1.3 

103 

20 

4-4 

9 

9 

1.4 

82 

21 

4.9 

6 

10 

1-5 

70 

22 

5-4 

5 

II 

1.6 

65 

23 

5.9 

4 

12 

1.8 

50 

3.  The  densities  of  metals  assumed  in  the  foregoing  rules  are  those  which 
e  tabulated  in  Table  No.  65. 

4.  In  estimating  the  weight  of  cast  iron  from  plans,  the  weight  is  fre- 
lendy  calculated  at  the  same  rate  as  for  wrought  iron,  which  is  heavier 
an  cast  iron,  with  the  object  of  providing  an  allowance,  by  way  of  com- 
nsadon,  for  occasional  swellings  or  enlargements  of  castings  in  excess  of 
e  exact  dimensions  of  patterns. 

The  following  tables  of  the  weight  of  metals  in  various  forms  have  been 
Iculated  by  means  of  the  preceding  rules.  The  sectional  areas  of  bars 
d  other  pieces  of  uniform  section  are,  in  some  tables,  added  for  each 
intling.  The  length  of  bar,  and  the  area  of  plates  and  sheets,  required 
weigh  I  cwt,  fvr  i  ton,  are  given. 

16 
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LIST  OF  TABLES  OF  THE  WEIGHT   OF  WROUGHT   IROJ 

In  Bars,  Plates,  Sheets,  Hoop-iron,  Wire,  and  Tubes. 

Table  No.  74. — Weight  of  Flat  Bar  Iron;  width,  i  to  11  inches; 
ness,  7x6  to  I  inch;  length,  i  to  9  feet. 

Table  No.  75. — Weight  of  Square  Iron;  ^  to  6  inches  square;  h 
I  to  9  feet 

Table  No.  76. — ^Weight  of  Round  Iron,  }i  to  24  inches  in  di: 
length,  I  to  9  feet 

Table  No.  77. — Weight  of  Angle-Iron  and  Tee-Iron;  sum  of  the 
and  depth,  i^  to  20  inches;  thickness,  ^  to  i  inch;  length,  i  foot 

In  the  composition  of  this  table,  it  has  been  assumed  that  the  base 
the  web  or  flange  are  of  equal  thicknesses;  and  that  the  reduction  of 
of  section  by  rounding  off  the  edges,  is  compensated  by  the  filling  in 
the  root  of  the  flange. 

Table  No.  78. — Weight  of  Wrought-iron  Plates;  area,  i  to  9  sqam'. 
feet;  thickness,  ^  to  15  inches. 

Table  No.  79. — Weight  of  Sheet  Iron,  according  to  wire-gauge  used  by 
South  Staffordshire  sheet-rollers;  area,  i  to  9  square  feet;  thickness,  No.  i 
to  No.  32  wire-gauge. 

Table  No.  80.— Weight  of  Black  and  Galvanized  Iron  Sheets  (Morton's 
Table). 

Table  No.  81.— Weight  of  Hoop  Iron;  width,  fi  to  3  inches;  thickness, 
No.  4  to  No.  21  wire-gauge;  length,  i  foot 

Table  No.  82. — Weight  and  Strength  of  Warrington  Iron  Wire. 

Table  No.  83.— -Weight  of  Wrought-iron  Tubes,  by  internal  diameter; 
diameter,  f^  to  36  inches;  thickness,  ^  inch  to  No.  18  wire-gauge;  length, 
I  foot 

Table  No.  84.— Weight  of  Wrought-iron  Tubes,  by  external  diameter; 
diameter,  i  to  10  inches;  thickness.  No.  15  wire-gauge  to  5/x6  inch;  length, 
I  foot 


Multipliers,  derived  from  table  No.  70,  are  subjoined,  by  which  the 
tabulated  weights  of  wrought  iron  may  be  multiplied,  in  order  to  find  from 
these  tables  the  weight  of  bars,  plates,  or  sheets  of  other  metal. — 

Multipliers. 

Hammered  Iron i.oi 

Cast  Iron 94 

Steel 1.02 

Sheet  Copper 1.14 

Hammered  Copper 1.16 

Lead 1.48 

Cast  Brass 1.05 

Brass  Wire i.n 

Gun  Metal 1.09 


f 

1 
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J               Table  No.  74-— weight  of 

I    INCH    WiD 

FLAT 

BAR 

IRON. 

1     1 

Lu«rH  « 

Fttr. 

&l2S- 

vS 

.1 

1                3 

3 

4 

S 

*■ 

7 

'  1  ' 

■io     >1  - 

lU.  >    tu. 

IbL 

IbL 

IbL 

lu. 

n* 

lb>. 

Ibt. 

fta. 

i  1  -"SO 

.833 

1.67 

3.50 

ts 

4-17 

S-oo 

S83 

6.67 

750 

■34-4 

V.      .3.3 

1.04 

2.08 

3-" 

^:S 

6. 34 

7.38 

\ll 

9.36 

"ii 

!•  :S 

1.25 

*-y> 

til 

5.00 

7.  so 

8.75 

1 1-3 

1-46 

1.91 

5^ 

7.19 

8^76 

11.7 

131 

3.8 

*       ■!«■ 

1.67 

3-33 

S.00 

6.67 

8.33 

11.7 

>3-3 

15,0 

'M 

V        .ISO 

1.88 

IW 

5-63 
6.35 

7.50 
8.33 

9.37 

"3 

131 

IS.0 

16.9 

59-7 

3.0S 

10.4 

"■S 

.4.6 

16,6 

1S.8 

B 

3.29 

4-58 

6.87 

9-17 

■  38 

16.0 

18.3      2a6 

3.50 

5.00 

7.50  '  10.0 

y^-s 

15.0 

'7-5 

20.0      32.5 

...<     .S>3 

1. 71 

S-4* 

8.1a  '  10.8 

■35 
14.6 

'6-3 

19-0 

31.7  1  74.4 

41.4 

.1  :S 

1.9* 

5-84 

876      11.7 

:i:i 

13.4  1  36-3 

38.4 

J-'j 

6.« 

9.38  1  ".5 

'i^ 

31.9 

2S,0         28.; 

£» 

|.      |..oo 

3-33 

6.67 

■0.0      13.3 

20.a 

»33 

36.7  1  30-0 

33.6 

Iji    ISCHM   Wl 

E. 

Uni   •].■■. 

IW 

IbL 

Ibl 

ite. 

IbL 

Us*. 

lU. 

11..             IbL 

fe.. 

"    ll-'" 

.93S 

1.88 

1.81 

ta 

4.69 

S.63 

6.56 

l-io     8.44 

•lli 

Si.    Il  .3S> 

1..7 

f:it 

35a 

S.S6 

7.03 

8.30 

9-37  ,   "0-6 

«         .«> 

1.41 

4.11 

5-63 

6. 56 

7-03 

8.44 

9.84 

11.3  :  12.7 
'3-1   ,    '4-8 

a? 

f  .6     i  .49* 

1.64 

3.38 

4-93 

8.20 

9-S4 

II. s 

«      1   .5'3 

1.88 

375 

S,6a 

7-5° 

9.3S 

'1-3 

'31 

15.0      16.9 

S9-7 

,1^ 

■e33 

3.  II 

413 

6.33 

8.44 

ia6 

"■7 

14,8 

16.9  '   19.0 

S3> 

a 

■703 

^^ 

4-69 

7-03 

9.38 

1 1.7 

i3-> 

16.4 

188  1  21.1 

47.8 

r 

■773 

It. 

5.16 

8.44 

'0-3 

13.9 

"5-5 

18.0 

20.6 

23.2 

434 

.844 

S.63 

i'-3 

14.0 

16.9 

'9-7 

M.S 

aS-3 

39-8 

■j,'rt 

■9«4 

i'S. 

6.09 

9.14 

13.3 

.s.> 

"8.3 

31.3 

24-4 

27-4 

36.8 

J* 

■984 

6.56 

9.84 

'J' 

16.4 

19.7 

33.0 

26.3 

*9-5 
3'-S 

34-1 

'Vri 

1.06 

3-5= 

7-03 

■0.6 

14.1 

17.6 

34-6 

28.1 

31.9 

' 

1.13 

3-75 

7.  SO 

11.3 

iS.o 

.8.8 

33:5 

^i 

3ao 

338 

29.9 

ij<  INCHES  Wide. 


bdB. 

iq   m. 

,u|  ,w 

tu        ibL 

II.. 

lb*.   1    n..   1   ihfc 

lb*. 

fed. 

V 

.3.3 

1.04 '  2.0S 

3"     4- '7 

15.21 

6.35  1  739     8.33 

9-17 

•07-5 

% 

7.83     9.11     10.4 

H 

.469 

'1^  1  ^i^ 

4.69     6.25 

9-18 

14.1 

7«.7 

iSl 

5-47  1   7-29 
6-*5  ,  8.33 

10.9 

i  ^ 

2.08  j  4.17 

KXA 

I3.S 

14.6     16.7 

53-8, 

!  fU 

4.69 

U.I 

14- 1 

■?■* 

1B.8 

'4-1 

47-8 

.  H 

.781 

7.81  :  ia4 

is.e 

\T 

■» 

3- '3 

5-73 
6.35 

8.59  ,  ii-S 

9.38    j    I3.S 

14.3 

'5-6 

17.3 
1S.8 

21.9 

33.9 
35.0 

r. 

ss 

r 

i.ta 

VV* 

6.7T 

10.3    1    I3.S 

16.9 

».i 

33.7 

27.1 

^i 

33 « 

%t^ 

ia9     14.6 

11.9 

25- S 

39.3 

.V-7 

.l/K 

7.81 

8.33 

11.7  1  15.6 

lis  j  16.7 

2dLl 

33.4 

31.3 

38.7 

'  ! 

i-as 

4-17 

25.0 

29.3 

33-3 

37.5 

weight  of  metals. 

Weight  op  Flat  Bar  Iros. 
iji  INCHES  Wide. 


TmcK- 

Sect. 

' 

" 

ioclKS. 

iq.  io. 

llx. 

lb(. 

Ibi, 

Lbs. 

llH. 

llH. 

Its. 

lis. 

lb.. 

fetLl 

a 

3-44 

4.S8 

6.87 

8.0J 

9-17 

10.3 

S'.f 

■430 

1.41 

4-3° 

5.73 

ii-S 

ia.9 

w 

.Sl6 

1.71 

3-44 

■;-!(> 

6.B7 

T. 

«jf 

»; 

a 

.6SS 

1.29 

4.SK 

6.B7 

9.17 

11. s 

.3.8 

16.0 

.8.3 

aa.6 

9/,6 

-771 

l:& 

^.I6 

7-71 

10.1 

IJ.9 

1^1 

i3.o 

ao.6 

21.3 

43-4   " 

H 

1-71 

11. s 

14.3 

iS-8 

17.2 

20.1 

22.9 

39-1 

r 

MS 

H! 

').4S 

.8.9 

2S.2 

3S-S   , 
32.6 

l.oj 

J-44 

10.3 

i;.2 

30-9 

r 

!:» 

3-72 

l& 

Ii:o 

\tl 

i«.6 

21.3 

a6.i 
28.1 

29-8 
32. 1 

t; 

30.1 

1.39 

4.W 

1x9 

21.5 

30.1 

34-4 

i.3li 

4.58 

9.17 

.3.8 

.8-3 

22.9 

17-5 

3:!- 1 

36.7 

41.3 

14.4 

1^  INCHES  Wide. 


.^    .NC« 

Es  Wide. 

l«l,» 

•q.  in. 

ih^ 

Ibl. 

Ibl. 

ib> 

»a. 

IbL 

Itn. 

lis. 

Ik*. 

te. 

V 

■275 

I.2S 

2.50 

l-7'> 

i:" 

6.2s 

7..;o 

8-7'; 

10.0 

11.3 

89,6 

S/.<i 

.4M 

i.V> 

3-13 

10.9 

12.5 

14- 1 

« 

■Wl 

3-75 
4-38 

S.03 

7» 

16.9 

2.19 

».75 

10.9 

a 

■  75" 

2.50 

S-ou 

J-S" 

12.5 

15.0 

'7-5 

20.C 

22-5 

44.8 

./,. 

.844 

3,Sl   1    5.63 

8.44 

39.8 

« 

.918 

3'3     6.25 

0.3» 

;y 

21.9 

2(.<J 

1S.8 

jy,. 

1.01 

1-44 

10.1 

17.2 

24.1 

27- S 

30.9 
338 

32.6 

113 

7.50 

3<xo 

29.9 

.!/.« 

1.22 

4.06 

«.il 

12,2 

16., 

20.3 

24.4 

28.4 

32.  S 

36.6 

27.6 

i* 

1.3' 

«.7S 

13- > 

;s:i 

21.9 

20.3 

V>.t> 

2,.6 

1.41 

234 

' 

•S" 

5.00 

10.0 

'5" 

20.0 

25.0 

30.0 

3S-0 

40.0 

45-0 

a2.4 

i..h... 

5.,,  in. 

\bt. 

lt«. 

lb,. 

Ite. 

lb,. 

lb,. 

ib^ 

Ih^ 

Ibi. 

l«L 

«• 

.406 

US 

2.71 

4.06 

54' 

6,8 

.   8.1a 

9,48 

10.8 

12.2 

82.7 

5/,fi 

l.bq 

3  39 

S07 

'5-' 

*1 

4.06 

b.oo 

18.1 

!/,« 

:ii; 

4-74 

9.48 

19.0 

« 

2.71 

5-42 

'3-5 

19.0 

24.4 

41-3 

S/.« 

.914 

3.01 

6.09 

9-14 

12.2 

"i-2 

1  .8,^ 

21.3 

24-4 

27-4 

16.& 

i.l9 

n-s 

20.3 

21.7 

27.1 

.30.5 

33- » 

7-45 

n 

30.1 

K 

1.22 

4.06 

8.-3 

12.2 

16.3 

20.3 

,  24.4 

28.4 

32-5 

27.6 

.,/,» 

■  1.32 

4,40 

8.80 

13-2 

17-6 

22.0 

1  26.4 

30.8 

IS-i 

39.6 

*S-4 

» 

14.2 

19.0 

23-7 

33-2 

42.7 

23-6 

S,oB 

25-4 

30-5 

35-5 

ti 

22.1 

* 

'■■" 

5-42 

"■-3 

21.7 

27.1 

32.5 

37-9 

«.j 

2I.» 
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Weight  of  Flat  Bar  Iron. 
i)(  INCHES  Wide. 


Length  in 

Feet. 

iTmciC" 

Sect. 

ASSA. 

Length 
to  wetgb 

,'nss. 

\ 

I 

a 

3 

4 

5 

6 

7 

8 

9 

I  cwt. 

klies. 

,  sq-in. 

ibft. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

feet. 

,X 

i   .638 

1.46 

2.92 

4.37 

5-83 

7.29 

8.74 

10.2 

II. 7 

13.1 

76.8 

1  3/rf 

'•547 

1.82 

4.38 

5'^Z 

7.29 

9.II 

10.9 

12.8 

14.6 

16.4 

61.4 

'« 

.656 

2.19 

6.56 

8.75 

10.9 

13- 1 

15-3 

17.5 

19.7 

51.2 

,  7/,6 

-766 

2.55 

5i^ 

7.66 

10.2 

12.8 

15.3 

17-9 

20.4 

23.0 

43-9 

<« 

.  -^75 

2.92 

5.83 

8.75 

II.7 

14.6 

17.5 

20.4 

233 

26.2 

38.4 

9/rf 

.984 

3.28 

6.56 

9.84 

131 

16.4 

19.7 

23.0 

26.2 

29.5 

34.1 

>l 

1.09 

3.65 

7.29 

10.9 

14.6 

19.2 

21.9 

25.5 

29.2 

32.8 

30.7 

V16 

:  1.20 

4.01 

8.02 

12.0 

16.0 

20.0 

24.1 

28.1 

32.1 

36.1 

27.9 

^      1 

1.31 

4.38 

8.75 

13.1 

17.5 

21.9 

26.3 

30.6 

35.0 

39-4 

25.6 

^v«6 ! 

1.42 

4-74 

9.48 

14.2 

19.0 

23.7 

28.4 

33-2 

37-9 

43.2 

23.7 

^  i 

'•53 

5.10 

10.2 

15.3 

20.4 

25.5 

30.6 

35.7 

40.8 

45-9 

21.9 

»5.x6 

..  1.64 

5*7 

10.9 

16.4 

21.9 

27.3 

32.8 

38.3 

43.7 

49.2 

20.5 

I 

,  1.75 

S.83 

II. 7 

17.5 

233 

29.2 

35-0 

40.8 

46.7 

52.5 

19.2 

iji  INCHES  Wide. 


lbs. 

lbs. 

lbs. 

lbs. 

4.69 

6.25 

7.81 

9.38 

5.86 

7.81 

9.66 

II. 7 

7.03 

9.37 

II.7 

14. 1 

8.20 

10.9 

137 

16.4 

9.38 

12.5 

156 

18.8 

10.5 

14. 1 

17.6 

21. 1 

II.7 

14.6 

19.5 

234 

12.9 

17.2 

21.5 

25.8 

14. 1 

18.8 

23.4 

28.1 

15.2 

20.3 

25.4 

30.5 

16.4 

21.9 

27.3 

32.8 

17.6 

23.4 

29.3 

35- 1 

18.8 

25.0 

313 

37.5 

lbs. 

10.9 

13.7 
16.4 

19. 1 

21.9 

24.6 

27.3 
30.1 
32.8 

35-5 

38.3 
41.0 

43-8 


lbs. 

lbs. 

12.5 

14. 1 

15.6 

17.6 

18.8 

21. 1 

21.9 

24.6 

25.0 

28.1 

28.1 

31.6 

31.2 

35.2 

34.4 

38.7 

37.5 

42.2 

40.6 

45.7 

43.9 

49-4 

46.9 

52.7 

50.0 

56.2 

feet 
71.7 

57-3 

47.8 
41.0 

35.8 

31.8 
28.7 
26.1 

23.9 

22.1 
20.5 
19. 1 
17.9 


2  INCHES  Wide. 


'«*». 

aq.  in. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

feet. 

i  V 

.500 

1.67 

3.33 

5.00 

6.67 

8.33 

lO.O 

II. 7 

13.3 

15.0 

67.2 

>/■< 

.625 

2.08 

4.17 

6.25 

8.33 

10.4 

12.5 

14.6 

16.7 

18.8 

53.8 

H 

-750 

2.50 

5S° 

7.50 

lO.O 

12.5 

15.0 

^7'S 

20.0 

22.5 

44.8 

7/l« 

.      875 

2.92 

I'^J 

8.75 

II.7 

14.6 

17.5 

20.4 

23.3 

26.3 

38.4 

X 

i   i.oo 

3.33 

6.67 

10. 0 

'33 

16.7 

20.0 

23.3 

26.7 

30.0 

33.6 

*/l« 

1.13 

3.75 

Z-50 

"•3 

15.0 

18.8 

22.5 

26.3 

30.0 

33.8 

29.9 

H 

1.2^ 

^^z 

8.33 

I2.q 

13-8 

16.7 

20.8 

25.0 

29.2 

33.3 

37.5 

26.9 

T 

1.38 

4.58 

9.16 

18.3 

22.9 

27. 5 

32.1 

36.7 

41.2 

24.4 

1.50 

5.00 

10.0 

15.0 

20.0 

25.0 

30.0 

35.0 

40.0 

45.0 

22.4 

r 

1.63 

S-i^ 

10.8 

16.3 

21.7 

27.2 

32. 5 

37.9 

43.3 

48.8 

20.7 

\'U 

5.83 

11.7 

18.8 

233 

29.2 

35.0 

40.8 

46.7 

52.5 

19.2 

»5/rf 

6.25 

12.5 

25.0 

313 

37.S 

43.8 

50.0 

56.3 

17.9 
16.8 

\ 

1 

1 

2.00 

6.67 

13-3 

20.0 

26.7 

33-3 

40.0 

46.7 

53-4  • 

• 

60.0 

WEIGHT  OF  METALS. 


Weight  of  Flat  Bar  Iron. 
aji  iscuBs  Wide. 


a 


•it 


3:1 


t 


»4 


3 

INCH 

IB   WIDS. 

bi.. 

iq.  in. 

lU. 

lu.    1    lU 

11* 

Itx. 

lb*.      ll». 

Ibt. 

lU. 

i«i 

K 

la.o 

\ii\'ii 

20.0 

44.8 

!/.. 

.q« 

,1.l,^ 

"■■i 

I  sis 

2-i.O 

«.8 

I.M 

.V7^ 

7.S0      II. 3 

lii.O 

1  a6.3  1  30-6 

30.0 

29.9 

I-^l 

8-75  ,   '3' 

21.9 

IVO 

39-4 

« 

I.  SO 

S-oo 

20.0 

25.0 

30.0 

35.0 

40.0 

4S.O 

J2.4 

./.• 

1.60 

1-6^ 

.1.3  '    16.9 

22.  S 

28.2 

1  11.8 

39.4 

45.0 

■J0.6 

19.9 

6.1; 
6.84 

13.3      M.6 

25.0 

31-3  11  37-5 

% 

5ao 

"79 

r 

34.4  II  41.3 

6..q 

.6., 

a.»5 

7-Sf 

15.0    '    22.5 

aao 

37-5 

45.0 

5»5 

67.5 

14.9 

r 

s-n 

16.3        24.4 

Vil 

48.8 

S6.9 

65.0 

]n 

11.8 

18.  g  .  3S.I 

35.0 

S'-S 

70.0 

.5/.« 

q.1« 

37.S 

46.9 

S6., 

6S.6 

;S.o 

84.4 

12.0 

300 

20.0  1 30.0 

40.0 

50.0 

70.0 

11.2 

3X    INCJ 

ES  Wide. 

mch«. 

»t.  in. 

Ibl. 

IbL 

Ibt 

IbL 

IbL 

Ibl 

IbL 

IhL 

n» 

te. 

V 

.811 

2.71 

iT, 

8.H 

10.8 

n.6 

,6,1 

19.0 

21.7 

*l-4 

4'- J 

1-19 

11? 

20.1 

s; 

27.1 

SJ 

n' 

t'i 

20.1 

24.4 

111 

*7.1 

J/.6 

1.42 

4-^4 

14.2 

19.0 

13. 7 

33* 

37-9 

43-7 

« 

1-63 

S.4^ 

21.7 

27.1 

3*.S 

37.9 

4J.3 

»7 

./,. 

1.81 

6,09 

12.Z 

i8.i 

24.4 

16.6 

42.7 

48.7 

s+s 

18.4 

M 

b.77 

60.9 

■b.f 

T 

Si 

19.0 

2.44 

a- '3 

-0.3 

24.4 

3i-S 

40.6 

56.9 

65.0 

73-1 

"3-7 

f 

2.64 

aso 

■  7  6 

26.4 

351 

w.s 

6t.6 

70.4 

79-a 

;tj 

q.48 

19.0 

2(1.4 

17-9 

47-4 

St..9 

b6,4 

lil 

8S.3 

3- OS 

10- S 

71. 1 

91.4 

11.0 

3.« 

... 

32- S 

43.3 

i4-^ 

•"■" 

75-8 

WS 

laj 

FLAT  BAR   IRON. 
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Weight  of  Flat  Bar  Iron. 
3>^  iN'CHES  Wide. 


1 

Lkncth  in 

Fkkt. 

X.      SWCT. 

t  J  weigh 

s.   1  Akka. 

■1 

X 

2 

3 

4 

5 

6 

7 

8 

9 

1  cwt. 

ft. 

aq.in. 

Ok. 

IlK. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

f«et. 

.875 

2.92 

S.83 

8.75 

II.7 

14.6 

'    17.5 

2G.4 

23.3 

26.3 

38.4 

1.09 

n 

7.29 

10.9 

14.6 

18.2 

21.9 

255 

29.2 

32.8 

30.7 

I.3I 

8-75 

13. 1 

17.5 

21.9 

26.3 

30.6 

35.0 

39.4 

25.6 

1 

1.53 

5J^ 

10.2 

»5.3 

20.4 

25.5 

30-6 

35-7 

40.8 

45.9 

21.9 

1 

1.75 

5.83 

11.7 

«7.5 

22.3 

29.2 

35.0 

40.8 

46.7 

52.5 

19.2 

:  1.97 

6.56 

13.1 

19.7 

26.3 

32.8 

39.4 

45.9 

52.5 

59.  > 

17.I 

:■    2.19 

7.29 

14.6 

21.9 

29.2 

36.5 

48!  I 

51.0 

58.3 

65.6 

>S.4 

2.41 

8.02 

16.0 

r, 

32.1 

40.1 

56.1 

64.2 

72.2 

14.0 

2.63 

1 

8.75 

»7.5 

35.0 

43.8 

52.5 

61.3 

70.0 

78.8 

12.8 

!.  2.84 

9.48 

19.0 

3S.4 

37.9 

47.4 

56.9 

66.4 

75.8 

85.3 

11.9 

■  3.06 

10.2 

2a4 

30.6 ' 

4a8 

51.0 

61.2 

715 

81.6 

91.9 

II.O 

3.28 

10.9 

21.9 

32.8 . 

43.8 

54-7 

65.6 

76.6 

87.5 

98.4 

10.2  j 

3.50 

II. 7 

23-3 

35.0 

46.7 

58.3 

70.0 

81.7 

93-3 

105.0 

9.60 

3}(  INCHES  Wide. 


sq.  in. 

.938 
1. 17 

I.4I 
1.64 

1.88 

2. 1 1 

2.34 

2.58 

2.81 

3.28 
3.52 
3-75 


lbs. 

lbs. 

3.13 

3.9» 

4-69 

5.47 
6.25 

6.25 

7.81 
9.38 

10.9 

12,5 

7-03 
7.81 

8.59 
9.38 

14. 1 

15.6 

17.2 
18.8 

10.2 

20.3 

10.9 
11.7 
12.5 

21.9 

23.4 

25.0 

lbs. 
9.38 

II. 7 
14. 1 
16.4 
18.8 

21. 1 

23.4 

25.8 

28.1 

30.5 
32.8 

35-2 

37.5 


lbs. 

12.5 
15.6 
18.8 
21.9 
25.0 

28.1 

31.2 

34.4 
37.5 

40.6 

43.8 

46.9 

50.0 


lbs. 

15.6 
19.5 
234 
27.3 
31.3 

35-3 
39.1 
43.0 
46.9 

50.8 

54.7 
58.6 

62.5 


lbs. 

18.8 

23.4 
28.1 

32.8 

37.5 

42.2 

46.9 
51.6 

56.3 

60.9 
65.6 

70.3 
75.0 


lbs. 
21.9 

27-3 
32.8 

43-8 

49.2 

54.7 
60.2 

65.6 

71.1 
76.6 
82.0 

87.5 


I 


lbs. 

25.0 

3^  3 

37.5 

43-7 
50.0 

56.3 
62.5 
68.8 
75.0 

81.3 

875 

93.7 

100.0 


lbs. 

feet. 

28.1 

35-^ 

35.2 

28.7 

42.2 

23.9 

49.2 

20.5 

56.3 

17.9 

63.3 

15.9 

70.3 

14.3 

77-3 

13.0 

84.4 

12.0 

91.4 

II.O 

98.4 

10.2 

105.5 

9.56 

112.5 

8.96 

4  INCHES  Wide. 

lbs. 

Ibi. 

lbs. 

lbs. 

lbs. 

Ibi. 

lbs. 

lbs. 

lbs. 

feet 

I.OO 

3.33 

6.67 

10.0 

13.3 

16.7 

20.0 

23.3 

26.7 

30.0 

33-6 

1.25 

4^17 

8.33 

12.5 

16.7 

20.8 

25.0 

29.2 

33.3 

37.5 

26.9 

1.50 

5.00 

10. 0 

15.0 

20.0 

25.0 

30.0 

35? 

40.0 

45.0 

22.4 

1.75 

1-53 

II.7 

'75 

233 

29.2 

35.0 

40.8 

46.7 

52.5 

19.2 

2.00 

6.67 

13.3 

20.0 

26.7 

33-3 

40.0 

46.7 

53-3 

60.0 

16.8 

2.25 

Z-5° 

15.0 

22.5 

30.0 

37.5 

45.0 

5;-5 

60.0 

67.5 

14.9 

2.50 

8.33 

16.7 

25.0 

33.3 

41.7 

50.0 

58.3 

66.7 

75.0 

13.4 

^75 

9.17 

18.3 

27.5 

36.7 

45.8 

55.0 

64.2 

73.3 

82.5 

12.2 

3-00 

lO.O 

20.0 

30.0 

40.0 

50.0 

60.0 

70.0 

80.0 

90.0 

II. 2 

3.25 

IO.S 

21.7 

32.5 

43.3 

5*-^ 

65.0 

75.8 

86.7 

97.5 

10.3 

1  ^y^ 

11.7 

23.3 

35.0 

46.7 

58.4 

70.0 

81.7 

93.3 

105.0 

9.60 

3-75 

12.5 

25.0 

37.5 

50.0 

62.5 

75.0 
80.0 

87.5 

lOO.O 

1 12.5    8.96 

4.00 

«3.3 

26.7 

40.0 

53.3 

66.7 

93.3 

106.7 

120.0    8.40 

1 

d 

1 

^IHHI 

a34 

WEIGHT   OF   METALS. 

^ 

Weight 

OF  Flat  Bar  Iron.                               9 

4X  IMCHES  WlUE. 

1 

LUH^H    IH    Pi  IT. 

Sect. 

NBl 

*"** 

I 

" 

3 

_±_ 

5 

e 

7 

B 

9 

iflchn. 

^.  in. 

lln. 

!!». 

lln. 

IbL 

lis. 

lb.. 

Ihm. 

11* 

ihi. 

K 

1.06 

354 

7.08 

10.6 

14.2 

'7-7 

S:i 

24.8 

28.3 

'^l 

i/.i 

'-33 

4-43 

8,85 

'3-3 

17.7 

31.0 

35-4 

H 

'■5^ 

5.3' 

'S? 

"■I 

26 

6 

3'-9 

37-2 

42-5 

47.8 

7/,* 

1.85 

6.20 

12.4 

18.6 

S:l 

31 

37-2 

43-4 

49-6 

55-8 

H 

ii.13 

7.08 

14. 1 

21.3 

35 

4 

42.5 

49-6 

56.7 

63-8 

»/,. 

IS 

IV 

'5-9 

139 

3'-9 

39 

8 

47,8 

5S.8 

63.7 

71.7 

H 

8.BS 

'7-7 

26.6 

35-4 

3 

53.' 

62.0 

70.8 

79-7 

r 

2.93 

9.74 

19. 5 

29,2 

39.0 

4* 

7 

Ill 

68.2 

m 

87.7 

3.19 

ai-3 

31-9 

4»-S 

53 

1 

74-4 

95.6 

r 

3' 45 

11.5 

33-0 

34-5 

46.0 

57 

5 

69., 

80.6 

92.1 

103-6 

3- 7a 

13.4 

24-8 

37-2 

49-6 

74.4 

S6.8 

99,a 

■M.e 

.>/.• 

3-9S 

13.3 

26.6 

39.8 

S3' 

66 

4 

79.7 

93-0 

106.2 

119,5 

4-15 

14.S 

a8.3 

4*- 5 

S6.7 

70. 8 

83,0 

99-2 

"3-3 

127.5 

7.9 

4 

i    INCH 

Es  Wide, 

J 

i,i». 

tq  m. 

lb..       ib.. 

lb,. 

Ibt. 

lb. 

lb.. 

ibt 

11a. 

M 

y 

1.13 

3-751   7.5 

>'-3 

11:1 

18.8 

23.5 

'h 

30,0 

33-8 

>»9 

=/,. 

4-69  '  9-38 

14.1 

23,4 

28. 1 

37-5 

42.2 

23-9 

H 

1:6^ 

111 

11.3 

22,5 

28.1 

33.8 

39-4 

45-0 

S0.6 

19,9 

tA6 

1.97 

13-' 

19.7 

26.3 

32-8 

39-4 

45-9 

52-5 

59-1 

17.1 

>4 

2.25 

7-50 

15,0 

21.% 

30-0 

37-5 

45.0 

53,5 

60.0 

67.5 

■4-9 

9/.6 

^53 

8.44 

16.9 

a; 

33-8 

42.2 

50-6 

es'6 

67-5 

£5 

13.J 

H 

3.S1 

9-38 

18.8 

37- S 

46.9 

S6.3 

75.D 

r 

3.°9 

10.3 

20.6 

30-9 

41,3 

S'-6 

01.9 

72.2 

82.5 

92.8 

10,9 

3.38 

n.3 

22,5 

33.8 

45.0 

56-3 

67. 5 

78.8 

9ao 

101.3 

9-95 

r 

3.66 

12.2 

24.4 

36-6 

48,8 

609 

73-1 

85-3 

97.  S 

109.7 

9.19 

1 

3.94 

13.1 

26.3 

39-4 

5^-5 

65,6 

78.8 
84.4 

91-9 

105,0 

118.1 

'5/.6 

4.31 

14.1 

28.1 

42.2 

56-3 

70-3 

98,4 

112.5 

126.6 

4.50 

15.0 

30.0 

4S.O 

60,0 

75-0 

90.0 

105.0 

1350 

4|^  INCHES  Wide. 


iq.  in. 

,u!  ^ 

Ibi. 

Ibt 

ita. 

lb>. 

IbL 

ih.. 

Ib^ 

tMt. 

v 

;::i 

3.96  '   7.92 

11,9 

1^,8 

19.8 

21.8 

27.7 

V-7 

15.6 

a 

s/.«   ' 

4-95     9-90 

29.7 

44-4 

H     ' 

5-94,    n.9 

29.7 

47-5 

m 

'/.4   , 

6.93     "3-9 

27.7 

4.-6 

55-4 

M      , 

J-3» 

7.92     15.8 

23.B 

3'-7 

39-0 

47-5 

55-4 

f3-3 

7'-3 

14.J 

»/.« 

J.67 

8,91  ,    17,8 

26.7 

15-6 

4+6 

62,  T 

80.2 

12.6 

« 

1.97 

9.90     19.8 

29.7 

19-6 

49-5 

59-4 

69-3 

79-2 

X 

"■3 

r, 

3-^7 

32.7 

♦l-S 

54.5 

83,1 

10.3 

■  1.9     23.8 

35.f> 

47-5 

59-4 

71-3 

9S-0 

9-4 

'V.fi  1 

1.86 

12.9     25.7 

18.6 

5'-5 

64-1 

77-2 

90.1 

|«;g 

115.8 

8T 

j^ 

13.9^  27-7 
14.8;   29.7 

69,1 

BVI 

89,1 

103-9 
I10.8 

' 

475 

158    3"  7 

'" 

03-3 

79.2 

950 

120.7 

142.5 

7-1 

FLAT  BAR  IROX. 


Wekiht  or  Flat  Bar  1 
5  iKCHKs  Wide. 


1 

L.H 

GTH    IK 

']■ 

' 

3 

4 

5 

7 

9 

it». 

lU. 

IbL 

IbL 

IbL 

Uh. 

lU. 

IbL 

}ht. 

r«t. 

4- "7 

8.n 

16.7 

26.9 

l'  J'i 

S" 

10.4 

H.6 

3'-3 

10- s 

41-7 

46.'» 

ai.s 

2S.O 

3'-3 

41.8 

50.0 

17-9 

;..9 

21.9 

29,2 

S8.1 

»-s° 

■f.7 

aS-o 

33.3 

41.7 

5U.O 

SB-3 

75.0 

13.4 

L.8. 

9.38 

.8.8 

18.1 

46.0 

S6.1 

6S.6 

84,4 

13  0 

1  in 

10,4  1    K>.8 

.V-3 

41-7 

S2.I 

0).S 

72-9 

H\ 

qi,B 

J-44 

11.5  1  «-9 

,14-4 

S7.1 

9>.7 

103,1 

9-77 

3-7S 

"5 

iS-o 

3r5 

Sao 

7S-0 

112.5 

8.96 

4.t* 

40.6 

67.7 

8..1 

04.8 

108,3 

^a 

i& 

14-6 

41.8 

S8-1 

87.5 
«.8 

116.7 

r. 

31-3 

46.<) 

62.  s 

78.1 
83.3 

140.6 

S-oo 

33-3 

50.0 

^■' 

iuu.o 

"33-3 

150.0 

6.72 

5 

4  ma 

ES  Wide. 

n.i^ 

lb.. 

llxi. 

lU, 

Ib^          lU. 

lb.,         lb. 

IbL 

lb.. 

f«t 

:.i: 

4-38 

8.7s 

\i: 

17-5      »i-9 

26.3  1    30.6 
32-8;    383 

IS-o 

19.4 

2S,6 

5-47 

21.9      27-3 

49.2 

20.5 

1-97 

6.56 

13." 

19-7 

39-4      45-9 

S5 

59." 

17.1 

2.30 

7.66 

"S-3 

r, 

45.9 

no 

14.6 

1  2.63 

K-75 

»7-S 

3J.O  j  43.8 

Sa-S 

t.1.3 

70.0 

12.8 

rj 

9.84 

197 

r.i 

49.2 

68.9 

78,8 

88,6 

10.9 

31,9 

r. 

b^.b 

a7,s 

98.4 

3-61 

24-1 

30,. 

72.2 

96.1 

loa.i 

3- 94 

13.1 

26,3 

39-4 

s^-s 

65.6 

78.8 

91.9 

105.0 

8-55 

!  4-27 

14.2 

28,4 

43-7 

S6.9 

71. 1 

8s.  1 

99-'; 

111,7 

12S.0 

7.88 

4- 59 

■S-3 

45-9 

91,9 

107.2 

122.5 

^■3' 

4.92 

49.2 

131.3 

'47.7 

5-ai 

'7-5 

3S.O 

S^S 

70.0 

105.0 

122.5 

140.0 ,  157.5 

5^    INCH 

ES  Wide. 

.q-in. 

II* 

lb.. 

lb.. 

lb.. 

Ib^ 

IbL 

lb.. 

IbL 

lb.. 

r«i. 

■    1.38 

4.^8 

•J-l? 

11.8 

"8.1 

22.9 

27.  <! 

3*,' 

16.7 

41,1 

'A-S 

1.72 

kU 

;;:i 

17,2 

22.9 

14-4 

40.1 

'9-S 

1   2.41 

24.1 

32.1 

40-1 

48.1 

^6.1 

64.21    7»-i 

140 

*-75 

9.17 

18.3 

*^s 

3«>.7 

4S-8 

55.0 

3-09 

10.1 

20.6 

30.9 

41-.1 

51.6 

ai 

¥' 

82.s|    92.8 

10.9 

3-44 

II.'; 

22.9 

34-4  1  45.8 

S7.3 

91-7  1103-' 
loo,^    ,.3.4 

m 

r. 

ii; 

4-13 

13.8 

»7-S 

4>  3  ■  SS 0 

90.3 

MO.O     .23.8 

».14 

4-47 

*4-9 

2Q.8 

44-7  .  59.6 

^.i 

89,4  ;  itt*-3 

119-*,  134.' 

753 

32-1 

96-3  1  112-3 

128-3    '44.4 

•.il 

S-50 

36-7 

S5-0  1  73-3 

91.6 

M0.0    .28.4 

146.7    165.0 

236 


WEIGHT  OF  METALS. 


Weight  of  Flat  Bar  Iron. 
5^  INCHES  Wide. 


Lbncth  in  ] 

Fkbt. 

Thick- 

NESS. 

Sect. 
Area. 

I 

2 

3 

4 

5 

6 

7 

8 

inches. 

sq.  in. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

X 

1.44 

4.79 

9.58 

14.4 

19.2 

24.0 

28.8 

33-5 

38.3 

5/16 

1.80 

5.99 

12.0 

18.0 

24.0 

30.0 

35.9 

41.9 

47.9 

H 

2.16 

7.19 

14.4 

21.6 

28.8 

35.9 

43-1 

50.3 

57.5 

7/16 

2.52 

8.39 

16.8 

25.2 

33.5 
38.3 

41.9 

50.3 

58.7 

67.1 

>i 

2.88 

9.58 

19.2 

28.8 

47-9 

57.5 

67.1 

76.7 

9/16 

3.23 

10.8 

21.6 

32.3 

^i'^ 

53.9 

64.7 

?>5 

86.2 

H 

3.59 

12.0 

24.0 

36.0 

48.0 

60.0 

71.9 

83.9 

95.8 

r 

3.95 

13.2 

26.4 

39.5 

52.7 

65.9 

79.1 

92.2 

105.4 

4.31 

14.4 

28.8 

43.1 

57.5 

71.9 

86.3 

100.6 

115.0 

T 

4.67 

15.6 

31.2 

46.7 

62.3 

77.9 

93-4 

109.0 

124.6 

5.03 

16.8 

33.5 

50.3 

67.0 

S^-2 

100.7 

117.4 

134.2 

»5/i6 

5.39 

18.0 

35.9 

53.9 

71.9 

89.8 

107.8 

125.8 

143.7 

I 

5.75 

19.2 

38.3 

57.5 

76.7 

95.8 

1 15.0 

134.2 

153.3 

6  INCHES  Wide. 


6^  inches  Wide. 


inches. 

sq.  in. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

X 

1.50 

5.00 

10. 0 

15.0 

20.0 

25.0 

30.0 

35.0 

40.0 

t 

5/16 

1.88 

6.25 

12.5 

18.8 

25.0 

31.8 

37.5 

43.8 

50.0 

H 

2.25 

7-50 

15.0 

22.5 

30.0 

37.5 

45.0 

52.5 

60.0 

1 

7/16 

2.63 

8.75 

17.5 

26.3 

350 

43-8 

52.5 

61.3 

70.0 

80.0 

H 

3.00 

10.0 

20.0 

30.0 

40.0 

50.0 

60.0 

70.0 

I 

9/16 

3.38 

"•3 

22.5 

33.8 

45.0 

56.3 

67.5 

78.8 

90.0 

l4 

H 

3.75 

12.5 

25.0 

37.5 

50.0 

62.5 

75.0 

87.5 

100. 0 

X1/16 

4.13 

13.8 

27.5 

41.3 

55.0 

68.8 

82.5 

96.3 

1 10.0 

H 

4.50 

15.0 

30.0 

45.0 

60.0 

75.0 

90.0 

105.0 

120.0 

*. 

«3/i6 

4.88 

16.3 

32.5 

48.8 

65.0 

81.3 

97.5 

"37 

130.0 

A4 

^ 

5.25 

17.5 

35.0 

52.5 

70.0 

87.5 

105.0 

122.5 

140.0 

»5/i6 

5.63 

18.8 

37.5 

56.3 

75.0 

93.8 

112.5 

131.3 

150.0 

ii 

I 

6.00 

20.0 

40.0 

60.0 

80.0 

lOO.O 

120.0 

140.0 

i6ao 

I' 

inches. 

sq.  in. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

^ 

1.63 

5.42 

10.8 

16.3 

21.7 

27.2 

32.5 

37.9 

43.3 

5/16 

2.03 

6.77 

13.5 

20.3 

27.1 

33-9 

40.6 

47.4 

54.2 

H 

2.44 

8.13 

16.3 

24.4 

32.5 

40.6 

48.8 

56.9 

65.0 

7/16 

2.84 

9-47 

18.9 

28.4 

37.9 

47.4 

56.8 

66.3 

l^'^ 

'A 

3.25 

10.8 

21.7 

32.5 

43.3 

54.2 

1 

65.0 

75.8 

86.7 

9/t« 

3.66 

12.2 

24.4 

36.6 

48.8 

60.9  i 

73.1 

85.3 

97.5 

^, 

4.06 

13.5 

27.1 

40.6 

54.2 

67.7 

81.3 

94.8 

108.3 

r 

4.47 

14.9 

29.8 

44.7 

59.6 

Z^5 

89.4 

104.3 

119.2 

4.98 

16.3 

32.5 

48.8 

65.0 

81.3 

97.5 

113.8 

130.0 

«3/i6 

5.28 

17.6 

35-2 

52.8 

70.4 

88.0 

105.6 

123.2 

140.8 

^. 

5.68 

19.0 

37.9 

56.9 

75.8 

94.8 

113.8 

132.7 

151.7 

'5/x6 

6.09 

20.3 

40.6 

60.9 

81.3 

101.6 

121.9 

142.8 

162.5 

I 

6.50 

21.7 

43.3 

65.0 

86.7 

108.3 

130.0 

I5I.7 

173.3 

FLAT   BAR   IRON. 


Weight  of  Flat  Bar  Iron. 
7  mcKES  Wide. 


Ski 

SKt. 

4 

,cw.. 

■ki 

auk. 

Ub. 

Its. 

Ibt 

lbs. 

Ibr 

lis. 

lt». 

ibi- 

llH. 

(«.. 

s.s,i 

'7-^ 

'3-3 

„.o 

40.8 

46.7 

lit 

7-2^ 

21.9 

29.2 

41.8 

Si.o 

"5-4 

J.01 

ss-s 

V* 

20.4 

lo.t, 

71-5 

91.9 

>S0 

11.7 

13-3 

35-0 

SS-3 

70.0 

93.  J 

105.0 

9.bo 

VH 

n-i 

26,1, 

^9■■^ 

=12-? 

6S.6 

7K.S 

91.9 

los-o 

118. 1 

',U 

i:i 

31,1 

96-1 

112.3 

128., 

144-4 

6.9S 

S^S 

'V-3 

350 

52-5 

105.0 

122.5 

140.0 

■57.5 

6,40 

HI 

s-eo 

to.o 

ii 

56.9 

7,.8 

95.0 

.n.8 

'3S-7 

151.7 

170.6 

5.91 

20.4 

o.-i 

B>,7 

IM.S 

142.9 

ibM 

.8V8 

21.1. 

109.4 

i3'-3 

'5>' 

175.0 

5- 12 

7.00 

23.3 

70.0 

93  3 

110.7 

140.0 

■63.3 

4.80 

,  «i-i-- 

tl». 

lb.. 

]b>. 

lU. 

lb,. 

Ibi, 

iU. 

ib>. 

lb.. 

.^ 

1    iSS 

6.2^ 

12  5 

18.S 

15.0 

ll-l 

37.  S 

41-8 

e? 

^6.1 

'7-9 

f^, 

s 

;s:S 

it: 

3'-3 

s; 

fil 

B 

14.3 

1-28 

loq 

21.9 

v-a 

43-« 

S4-7 

87,  s 

3  75 

12.5 

25,0 

37-5 

S0.0 

75,0 

112.5 

4.12 

14.1 

23.1 

42,2 

^6.1 

703 

84.4 

98.4 

1 12-5 

126,6 

7.96 

4.69 

.5.b 

4t..O 

62,5 
68.B 

f-' 

109,4 

125,0 

140,6 

7.17 

17.1 

34.1 

103-1 

120,3 

'37-5 

;ai 

5-63 

t8.8 

37- S 

56.3 

75.0 

93-8 

112.5 

■31-3 

150.0 

5  97 

6.09 

20.1 

40.6 

60,0 

81,^ 

101.6 

121.9 

142.2 

162.5 

182.8 

5-S» 

6.  ,6 

41-8 

65.6 

87.^ 
91-8 

175.0 

196.9 

40.') 

70-3 

1.7.2 

140.6 

187- S 

210.9 

4-78 

7-So 

25-0 

50.0 

75.0 

100,0 

125,0 

150.0 

2oao 

225,0 

S 

INCHES  WIDE. 

>,,i.L 

lU. 

tu. 

IbL 

ibi 

,b. 

lb.. 

IbL 

IbL 

Iba. 

f«t. 

3.00 

6.67 

.'il 

20.0 

26,7 

40,0 

46.7 

60.0 

16.8 

a.  SO 

8.11 

2S.O 

33-3 

4'-7 

SO.O 

S8.1 

71.0 

'3-4 

3.00 

20.0 

30.0 

50.0 

70-0 

m 

10S.0 

c 

4.00 

13-3 

40.0 

533 

93.3 

106.7 

i2ao 

60,0 

120,0 

i35'0 

7-47 

.6.7 

S5 

60.7 

81-1 

..6.7 

6,72 

iS 

IS.1 

S5-0 

Ui 

91.7 

128.1 

i6S,o 

40,0 

140,0 

6.SD 

21,7 

43.3 

6S-0 

86.7 

108,3 

130-0 

IS!-? 

>71.1 

IQI-O 

5-'? 

7.00 

ail 

70.0 

93.3 

140,0    163,3 

7-So 

a° 

50.0 

750 

125.0 

150,0    175.0 

53-3 

106,7 

133-3 

160,0    186.7 

2'3-3 

4.20 

2^,8 


WEIGHT  OF   METALS. 


Weight  of  Flat  Bar  Iron. 


9 

1  INCHES  Wide. 

Lhh 

Thick- 
ness. 

Sbct. 
Area. 

Length  in  Feet.                                             1 

z 

2 

3 

4 

5 

6 

7 

8 

9 

inches. 

sq.  in. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs.     1 

lb& 

lbs. 

lbs. 

lbs. 

tm 

5/t6 

H 

7/16 

2.25 
2.S1 

3.38 

3-94 
4.50 

7-52 
9.38 

11.3 

13' 
15.0 

15.0 
18.8 
22.5 
26.3 
30.0 

22.5 

28.1 

33.8 

39.4 
45.0 

30.0 

37.5 
45.0 

60.0 

375! 
40.9  i 

56.3 
65.6. 

75-0, 

45.0 

56.3 
67.5 

78.8 

90.0 

52.5 
65.6 

78.8 

91.9 

105.0 

60.0 

750 

90.0 
105.0 
120.0 

67.5 
84.4 

IOI.3 
118. 1 

135.0 

H 
IS 
M 

7- 

9/16 

5.06 

5.63 
6.19 

6.75 

16.9 
18.8 
20.6 
22.5 

33.8 
37.5 

41.3 
45.0 

50.6 

56.3 

61.9 

67.5 

67.5 
75.0 
82.5 

90.0 

84.4 

93-8 

103. 1 

112.5 

10I.3 
II2.5 
123.8 

135.0 

118. 1 

131-3 
144.4 

157.5 

135-0 
150.0 
165.0 
180.0 

I5I.9 
168.8 
185.6 

208. 5 

6k 

4.1 

»5/x6 
I 

7-3i 
7.88 

8.44 
9.00 

24.4 
26.3 
28.1 
30.0 

48.8 

52-5 

56.3 
60.0 

73.1 

78.8 
84.4 

90.0 

97.5 

105.0 
II2.5 
120.0 

121. 9 

131.3 
140.6 

150.0 

146.3 
104.5 

168.8 

180.0 

170.6 

183.8 
196.9 

210.0 

195.0 
2iao 
225.0 
240.0 

219.4 

236.3 

253.1 
270.0 

4< 
4^ 

3-; 

10  INCHES  Wide. 


inches. 

sq.  in. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

fti 

X 

2.50 

8.33 

16.7 

25.0 

33.3 

41-7 

50.0 

58.3 

66.7 

750 

13 

5/16 

3-13 

10.4 

20.8 

31-3 

41.7 

52.1 ; 

62.5 

72.9 

83.3 

93.8 

M 

H      : 

3.7$ 

12.5 

25.0 

37-5 

50.0 

62.5 

75.0 

87.5 

lOO.O 

1 12.5 

^ 

7/.6 

4.38 

14.6 

29.2 

43.8 

58.3 

72.9 ' 

87-5 

102. 1      1 16.7 

131.3 

il 

^       I 

5.00 

16.7 

33.3 

50.0 

66.7 

83.3 

lOO.O 

II6.7     133.3 

150.0 

»/i« 

5.63 

18.8 

37.5 

56.3 

75.0 

93.8 

II2.5 

I3I-3      150.0 

168.8 

» 

H     i 

6.25 

6.88 

20.8 

41.7 

62.5 

83.3  1 104.2 

125.0 

145.8     166.7 

187.5 

5-i 

't\ 

22.9 

45-8 

68.8 

91.7  ;  114.6 

1 137.5 

160.4     183.3     206.3 1 

4J 

7.50 

25.0 

50.0 

75-0 

100.0 

125.0 

150.0 

1 

175.0     200.0 

225.0 

4-4 

r 

8.13 

27.1 

54.2 

S^-3 

108.3 

135.4 

162.5 

189.6 

216.7 

243.8 

4.3 

8.75 

29.2 

58.3 

87. 5 

116. 7 

145.8 

175.0 

204.2 

233.3 

262.5 

3.J 

'5/i6  I 

9.40 

3'. 3 

62.5 

93-8 

125.0 !  156.3 

187.5 

218.8 

250.0 

281.3 

>! 

I 

lO.O 

33-3 

66.7 

lOO.O 

«33-3 

166.7 

200.0   233.3  '  266.7 

300.0 

3-: 

II  INCHES  Wide. 


inches. 

sq.  in. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

fe 

X 

2.75 

9.17 

18.3 

27.5 

36.7 

45.8 

5S-2 

64.2 

73.3 

82.5 

la 

5/16 

3.44 

II. 5 

22.9 

34-4 

45.8 

57-3 
68.81 

68.8 

80.2 

91.7 

103. 1 

I 

H 

^•i3 

13.8 

27.5 

41.3 

55.0 

82.5 

96.3     IIO.O 

123.8 

7/x6 

4.81 

16.0 

32.1 

48.1 

64.2 

80.2; 

96.3 

1 12.3   128.3 

144.4 

6. 

H 

5.50 

18.3 

367 

550 

73.3 

91.7 

IIO.O 

128.3   146.7 

165.0 

6. 

9/16 

6.19 

20.6 

^^•5 

61.9 

82.5 

103. 1 

123.8 

144.4    165.0 

185.6 

5- 

H 

6.88 

22.9 

45.8 

68.8 

91.8 

1 14.6 

137.5 

160.4 '  183.3 

206.3 

4. 

"/16 

7.56 

25.2 

50.4 

75.6 

100.8 

126.0  ' 

151.3 

176.5    201.7 

226.9 

4. 

H 

8.25 

27.5 

55.0 

82.5 

IIO.O 

137.5 

165.0 

192.5    220.0 

247.5 

4. 

13/16 

8.94 

29.8 

59.6 

89.4 

II9.2 

149.0 

178.8 

208.5  238.3 

268.1 

3. 

H 

9.63 

32.1 

64.2 

96.3  1  128.3 

160.4 

192.5 

224.6  256.7 

288.8 

3« 

»5/i6 

10.4 

34-4 

68.8 

103.1 

137.5 

171.9 

206.3 

240.6  1  275.0 

309.4 

3- 

I 

1 

no 

36.7 

73.3 

IIO.O 

146.7 

183.3 

220.0 

256.7  293.3 

330.0 

J. 

SQUARE   IRON. 


Tabic Na  75— WEIGHT  OP  SQUARE 

IRON 

-Mil 

TH  IS  Fmr. 

i.».iBh 



Ll_ 

' 

" 

3 

4 

s 

e 

7 

* 

9 

S±r^ 

lb*. 

ibi. 

lU, 

IbL 

lU. 

ibi. 

lU, 

lb<. 

l)ll. 

fat. 

K      -<"56 

.053 

.104 

.:56 

.308 

.260 

-313 

■& 

.417 

.469 

2154 

^■t 

.117 

.334 

-35" 

.468 

.584 

.701 

.935 

1.05 

96a  0 

■      .06^5 

.208 

-417 

.625 

.833 

1.04 

■■25 

1,46 

..67 

1.88 

537-6 

^H*      -*'!'77 

■3^6 

■65" 

■977 

1.30 

1.68 

1.95 

3.lS 

2.60 

2.91 

343-8 

^B     .141 

.469 

-938 

i.SS 

a- 34 

3.S1 

3.38 

3.75 :  4-22 

23^.3 

^■f    -I?' 

.638 

1.38 

licti 

*-55 

3-19 

3- S3 

4.46 

5.10 

5-74 

176.0 

H^    -IS 

■833 

1.67 

3.50 

3-33 

4.17 

S-oo 

5-83!     6-67 

7.50 

134.4 

■^    .316 

1.06 

2.11 

3.16 

4.22 

5:'7 

6.33 

7.38 

8,44 

9.49 

106,3 

Hi    -3'' 

l.TO 

J.60 

3.91 

5.21 

H'o 

7-Si 

911 

11,7 

85.9 

B*  -473 

2. 30 

3->5 

4-73 

6.30 

7.88 

9-45 

13I6 

71,0 

K.  :^^ 

3-75 

4.40 

l:S 

l^ 

9.38 

"3 
'3* 

13.1 

15.4 

We 

.6.9 
19.8 

597 
50.8 

n      ri* 

3-55 

5.10 

7.66 

12^8 

'5-3 

17.9 

20,4  1     2J,0 

43-9 

«•     sjg 

J.93 

5.S6 

8-79 

14.7 

17,6 

20,5 

2.V4 

38.3 

3-33 

6.67 

'3.3 

16-7 

233 

26.7 

30,0 

33-6 

M/.6  113 

376 

IS. 

'"3 

.5.. 

18,8 

3S.6 

26,3!  30-1 

33.9 

29.7 

«    :  i.>7 

4.33 

13,7 

16.9 

25-3 

29-5      33-8 

Si 

1  ii^ ,  1.41 

4.70 

9.40 

■  8.8 

23.5 

28.2 

32-9'    37-6 

423 

■i 

1.56 

5,21 

10.4 

.5.6 

30.8 

26.0 

3'. 3 

36.5,    41.7 

46.  y 

21,5 

•  lU 

1.7J 

5  74 

"1 

T, 

33.0 

3S.7 

34.4 

40.!      459 

51-7 

19.  s 

■K 

1.S9 

IZ 

25.2 

3'-5 

37. 8 

44-1  ■    50.4 

56.; 

.7.8 

iry* 

"07 

\\.i 

30. 7 

27,6 

34.5 

4>-3 

48.2      55.1 

62,0 

16,3 

•* 

a.35 

7.50 

13.0 

22.5 

30.0 

37.S 

45.0 

52. 5      60.0 

67.5 

14.9 

iWrt 

1.44 

8.  ,4 

.6.3 

34.4 

3^,6 

40,7 

48-8 

S-.o     65.1 

73.2 

■3.8 

■It 

».64 

8.80 

.7.6 

26.4 

m 

53,8 

61.6,    70,4 

79.2 

13.7 

:r 

3.88 

9.60 

19.3 

28.8 

48^0 

57.6 

67,2'    ;6,8 
71,41    S1.6 

S6.4 

11.7 

3.06 

10.4 

30.6 

40.8 

Si.o 

61.3 

9'.9 

(■«.. 

3-»9 

21.9 

32.9 

43-8 

54-8 

65. 7 

76.7'    87.6 

9S.6 

IJi 

3-Sa 

11.7 

33-4 

35.2 

46.9 

58.6 

70,3 

82.0      93.8 

105.5 

9,56 

w« 

3-75 

I3.S 

35.0 

37-5 

50.1 

62.6 

75- > 

87,6!  100,, 

112,6 

S.95 

4.00 

'3  3 

26.7 

53.3 

66.7 

S0.0 

93-3:  106,7 

120.0 

8. 40 

■X 

4-52 

15.1 

30.1 

4S.S 

60,2 

75.3 

903 

105.4  1  "0,0 

135.5 

7..13 

1« 

5.06 

16,9 

33.8 

6?.. 

84.4 

101. 3 

118.1;  135.0 

151.9 

6,1.4 

^ 

5.64 

18.S 

37-6 

56-4 

75-^ 

9+0 

113,S 

131-6    150,4    lOg.3 

5,96 

6.1S 

20.8 

4'-7 

62,5 

83.3 

10.4 

125.0 

145.8    166,6  1  187,5 

5.38 

tM 

6.8^ 

23.0 

45-9 

6S.9 

91,9 

114.9 

137.8 

160,8    183,9 

206,7 

4.99 

*x 

7-S6 

35.2 

SO.  4 

7S.6 

100.  g 

126.1 

151.3 

.76.5!  301.7 

226,9 

ts 

t\ 

6.37 

27-6 

55" 

S1.7 

■37.S 

'65.3 

191.9  ;  aao-4 

348.0 

J 

9.00 

3Po 

60.0 

90.0 

120,0 

150.0 

iSo,o 

2.0,0  1  240.0 

370,0 

3-731 

JV 

10.6 

35-2 

70.4 

105.6 

140,8 

176.0 

211,3 

246.5    38.-7 

316.9 

3.171 

]» 

11.3 

40.8 

81,7 

133.5 

163.3 

204.2 

245.0 

385.8  1  3/6.7 

367.5 

2.73 

K 

14-1 

46.9 

93.8 

140,6 

.87.5 

234.4 

281,3 

328.1  1375,0   421,9 

2.38; 

16.0 

533 

.06.7 

160.0     213.3 

J66.7 

320.0 

373-0   426.0  ;4So.o 

4V 

i&i 

60.3 

130.4 

180.6 

340.8 

301.1 

361.2 

431-5  '48. .7,  54. ,9 

1.86 

4« 

J0.3 

67-5 

•35-0 

370.0 

337-5 

405,0 

471-5  i  -MOO    C-07.5 

1.66 

t¥ 

32.6 

7SS 

150,4 

215,6 

300.8 

376.1 

451-3 

526.5    601,7    6;6.9 

1.49 

s 

35.0 

S3- 3 

.66.7 

350.0 

333  3 

4.6.7 

500,0 

583,3,666,7    750.0 

1-3+ 

SI£ 

37-6 

91.9 

183.8 

275.6 

367- 5 

459.4 

S5I-3 

643.1     735-0    826,9 

I.3I 

5)4 

303 

201.7 

301. 5 

4033 

504.3 

605,0    705,8    S06.7  1907,5 

i^ 

33-' 

220.4 

330.6 

440,8 

551.0 

661,3    771-S    SS1.7I99T.S 

36.0 

JO^ 

240.0    360,0  1  4S0.0 

600,0 

i":! 

840,0 

96D.O       1080 

-0j3 

WEIGHT  OF   METALS. 


Table  Na  76.— WEIGHT  OP  ROUND  IRON. 


Lkhcth  in  Feet. 

UlAK. 

S-Cr. 

^ 

' 

' 

3      1     4 

5 

6 

7 

8 

9 

iachcL 

«[.  ™. 

Ib.- 

ItH. 

lb. 

lb 

lb 

lt». 

lb 

lb 

Ita. 

« 

a 

.0123 

.041 

.081 

.'ii 

.164 

.205 

.245 

.386 

■327 

:iS 

t. 

jA. 

.184 

.276 

.368 

.460 

■552 

.644 

■736 

n 

V 

.0491 

■3*7 

.491 

■655 

.SiS 

.9S2 

1.15 

131 

1-47 

3 

»/■« 

.0767 

•5" 

.767 

1.28 

>-53 

1-79 

a.04 

1.30 

ii 

-736 

'•47 

,.84 

2.58 

2,94 

33' 

M 

7,6 

.150 

,501 

1,50 

2.00 

2.51 

3.01 

3-5' 

4.01 

m 

*^ 

k 

.196 

.654 

1,21 

:.96 

2.61 

3-27 

3.93 

4.58 

5^23 

m 

./,« 

.2+S 

.328 

1.66 

2.49 

3.3r 

414 

4.97 

S.80 

6.63 

7.46 

m 

H 

■307 

2.05 

3-07 

4.09 

S" 

6.14 

7.16 
8.66 

8,18 

9.20 

«n 

r 

■371 

1.24 

2.48 

3.71 

4-95 

r        7.42 

9.90 

?« 

.441 

'.47 

2,94 

4.42 

5.89 

7-36 

8.8J 

10,3 

11. 8 

13-3 

It 

r 

.5.8 

1.73 

346 

5- '9 

6.9t 

8.64 

10.4 

13.8 

\kl 

It 

.601 

4.01 

6.01 

S.02 

14.0 

16,0 

a 

■5/.fi 

.690 

2!  30 

4.6D 

6.90 

9,2a 

11.5. 

I3S 

16. 1 

l8.4 

.785 

2,62 

S.34 

7.8s 

10,5 

13.1  ■ 

15-7 

>8.3 

20.9 

236 

41 

i,^'* 

.887 

2.96 

5-91 

8.S7 

>].S 

14.8 

17.7 

20,7 

23.6 

26.6 

39 

■994 

331 

6.03 

9-94 

133 

16.6 

19.9 

23.2 

26.5 

29.8 

33 

If 

3.69 

14.S 

18.5 

25.8 

29.  S 

33-2 

3« 

I2J 

4.09 

12.3 

1S.4 

20.51 

=4.5 

28.6 

32.7 

36.8 

*J 

!!/.• 

I.3S 

4-5' 

9.02 

"3-5 

iS.o 

22.6 

27.1 

31-6 

36.1 

40.6 

M 

■  M 

1.48 

4.95 

9.90 

14.9 

ig^S 

24.8 

29.7 

346 

39-6 

46.6 

\t 

i.6z 

5-08 

16.2 

20.J 

»S.9 

32.5 

35-5 

48.7 

X 

'■77 

S-^9 

irS 

17.7 

23.6 

29-5 

35.3 

47.1 

S3-0 

'9 

I9/>6 

1.92 

6.39 

.2.8 

19.2 

25.6 

33.0 

38-4 

44.7 

5'-i 

57-5 

'I 

'H 

2.07 

6-9; 

■3.8 

20.7 

'H 

34-6 

4'. 5 

48.4 

553 

62.9 

it 

I  "As 

2.24 

7^46 

14.9 

22.4 

29.  s 

37-3  ■ 

44.7 

52.2 

59-6 

67.1 

IS 

'J< 

2-41 

8.02 

16.0 

24-1 

32.1 

40,1 

48.1 

56.1 

64.' 

72.2 

>] 

:r 

^■58 

8.60 

17.2 

25.8 

34-4 

43-0 

51.6 

60.2 

68.8 

77-4 

I] 

2.76 

9.20 

18.4 

27.6 

36,S 

46.0 

55-2 

64.4 

73.6 

82.8 

i-iAfi 

2.9s 

9,83 

19.7 

29^5 

39-3 

49-1 

59.0 

6S.8 

79-6 

88.4 

3.14 

10.5 

20.9 

3'-4 

41.9 

52.4 

62.S 

73.3 

83.8 

94-3 

K 

'H 

3^55 

M,S 

23.6 

35-5 
39^  8 

47-3 

59-1 

70.9 

82.8 

94.6 

106.4 

t 

3^98 

'H 

26.5 

53-0 

66.3 

79-5 

92.8 

106.0 

"9-3 

4-43 

H-i 

i9-i 

44^3 

t; 

73.S 

88.6 

'03-3 

ii8.( 

'3.1.9 

I 

4.91 

16.4 

i^-1 

49.1 

81.8 

98,2 

1 14.5 

130.9 

'47-3 

6, 

54' 

18.0 

36., 

54." 

72.2 

90.2 

10S.1 

126.2 

14+3 

162.3 

6. 

5^94 

19^  8 

39.6 

59.4 

79.2 

1^:^ 

11S.S 

■38.5 

158.4 

178.2 

6.49 

21,6 

4J.3 

64.9 

86.6 

129.8 

'5'-5 

III:; 

194-8 

3 

7.07 

n.6 

47.1 

70.7 

94-3 

.17.S 

141.4 

164.9 

3Y 

8. 30 

27.7 

55-3 

83.0 

110.4 

'38,3 

165.9 

193-6 

221 2 

248.9 

3>^ 

3'.' 

64.1 

96.2 

128.3 

160.4 

192,4 

224-5 

256.6 

288.6 

3?» 

33^5 

13-6 

110.4 

147-3 

164.. 

220,9 

257.7 

294.5 

33'-3 

4 

12.6 

41.9 

83.8 

125.7'  167.6 

^09.4 

251.3 

293.2 

335.0 

377-0 

4^ 

14.2 

47.3 

94^6 

I4l^9!l89^l 

236-4 

283.7 

33i^o 

378.3 

425.6 

4>J 

15-9 

53.0 

J06.0 

r59.o|2J2.i 

265.1 

3'9.i 

371.1 

424.1 

477-' 

4K 

■77 

S9-' 

m8.i 

>77^2    236. » 

=95-3 

354^4 

4135 

472-5 

Ife? 

5 

19.6 

HS 

I30.9 

.96.4    261.  S 

3^.3 

393-7 

45S.2 

523.6 

5^ 

21.7 

71.1 

1443 

216.5    ^S&.6 

360.8 

432-9 

505. " 

577.3 

649.4 

SH 

23-8 

79.2 

158.4 

237.6    316.7 

396-0 

475-2 

SSJ 

633.6 

711.7 

ssi 

26.0 

86.6 

173-1 

259.7  '346.2 

432.8 

5 '9-3 

692,4 

779-0 

6 

28,3 

94.2 

.8g.s 

262.7    377,0 

47'. 2 

565.S 

659,7 

7S4.0 

ROUND  IRON. 


Weight  of  Round  Iron. 


'.„. 

L.NCTH   ,»   F«T. 

Lwfth 
aw«|b 

*^  Anu. 

» 

" 

3 

4 

5 

6 

7           8 

9 

te 

•1.  in- 

om. 

cwu. 

oru. 

cwu. 

CWt!. 

«u. 

cwu.       <:wu. 

CWI>. 

feel. 

ift 

m 

■9876 

1.975 

i§ 

3.950 

4-93S 

5,926 

6.613     7,901 

8.88S 

20.2 

1 

1.145 

1191 

4.582 

5,727 

6.872 

S.018    9-163 

10,31 

17-5 

'f 

44-a 

\Si 

3.629 

3-944 

5,258 

6.573 

7,887 

9.202     10.52 

11.84 

15.2 

50-3 

1.992 

4.448 

lit 

7,480 

8.976 

'0,47, 

11.97 

13.46 

13.4 

'» 

56^7 

1.6S, 

3-378 

5-067 

8,444 

10,13 

11,82' 

13,50,  15,20 

11.8 

63-6 

1.89J 

3.786 

5.680 

V^o 

9.46 

".36 

13-25 

15.14    17.04 

10.6 

lii 

70,9 

4.220 

6.329 

10.55 

12.66 

'4.77 

16,88 

18.99 

9.48 

, 

m 

>-33S 

4.676 

7.012 

9-352 

11.69 

14.03 

16.37 

1S.70 

21.04 

8.56 

'H 

Lia 

4-754 

Vi's 

10,31 

12. 89 

15,46 

iS,04 

19,02 

23-19 

7,76 

9S-0 

5.656 

11,31 

14.14 

.6,97 

ig,So 

22,62 

25-46 

7.07 

iK 

1039 

3-oS« 

6,176 

9,265 

12.3s 

15-44 

21.63 

24,70 

27,80 

6.47 

113.1 

3.366 

6.732 

13-46    16-83 
14.62    1S.2S 

2020 

23.56 

26.93 

30-29 

5-94 

!« 

i*a.7 

3656 

7-3'2 

10,96 

21:91 

25-59 

29.1; ;  32.90 

5.48 

\ 

132.7 

3.950    7.900 
4.260    8.S10 

.1,85 

15,80!  19,75 

23.70 

27.65 

31.60  35.15 

S.06 

«i 

143-1 

12.78 

17.04 

21.30 

=5-56 

29.82 

34.08 

38.34 

4.70 

1539 

4.581  ^r6i 

"3-74 

18.3* 

22.90     26.49  '  3'.07 

36.65 

41.23 

4-37 

tx 

165. 1 

4-9>5 

9.830 

14.74 

19,66 

14. 5S  ,28.49 

34.41 

39.32 

44.24 

4-07 

i 

s. 

S.a59 

to.  52 

15.78 

21,04 

26,30 

3'-46 

36,81 

42. oS 

47-33 

3-80 

i* 

5.616 

M.13 

.6.85 

22,46 

28,08 

32,70 

39-3' 

^11 

50.54 

3-56 

S.984 

11.97 

'7-95 

23-93 

29-92 

w 

41.89 

47.88 

53.86 

3-34 

iji 

«^8 

6.364 

12-73 

19,09 

25-46 

31.82 

44.SS 

50.92 

57-28 

3-14 

7 

M7.0 

6.7SS 

135' 

10,27 

27-02 

33-78 

40,53 

47.29 

54-04 

60.S0 

2.96 

i" 

240.5 

7-159 

14-32 

11,48 

28.64 

35.80 

42,95 

50- 1" 

57.28 

64.43 

2.79 

"•ei 

lU 

15.15 

12.72 

30.29 

37.86 

45-44 

53.01 

60,60 

68.16 

2.64 

>9 

16.88 

25.32 

33-75 

42.19 

50.63 

59-03 

67.52 

7594 

2-37 

J14.I 

9350 

18.70 

28.05 

37-40    46.75 

56.10 

65-45 

74.80 

84.15 

2.14 

10.31 

20.62 

30-93 

4'-23 

5'- 54 

^'■ll 

72.16 

S2.47 

92-78 

1,94 

11.31 

22,63 

33.94 

45-25 

tg 

67.88 

79-19 

90-51 

1.77 

415-5 

■1-37 

24-73 

37.10 

49-46 

74-19 
S0.7S 

86-56 

93.9Z 

'".3 

1.62 

"• 

4S»-4 

13.46 

26.93 

40.39 

53-86 

67.32 

94-25 

107.7 

121.3 

1.49 

1 

il 

1 

1 

1 

■ 

■ 

242 
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n 

Table  No.  77-— WEIGHT 

OP   ANGLE 

-IRON   AND   TEE-IROS.      1 

■ 

Foot  1 

■J    LE.-iCTil. 

■ 

NOTE.- 

-When  the  base  or  Ihe  web  lapcTS  in 

e.,i„, 

theme 

n  thickness  is  to  be  meumLfl 

rH  AW  a 

J.   IHCHB. 

■ 

■>i 

i>* 

>jir 

i?i 

2 

2>i 

aX 

^H 

'H 

'H 

•3( 

uicho. 

lU. 

Ibt 

[bi. 

lU, 

]i». 

Ibi 

lb.. 

ihi. 

lb,. 

ibi 

Al 

1 

t 

.6» 
.89 

.68 

-73 

.78 

-83 

■94 

-99 

1.04 

3 

V 

I.04 

MS 

1,25 

1,36 

;:I5 

..67 

'-77 

..9S 

>/,. 

I.I4 

'■37 

i-S-J 

1.70 

2.15 

2.28 

2-41 

■■i 

aji 

3 

3'^ 

3'A 

iH 

3,4 

3H 

3H 

3ji 

4 

4X 

:.2o 

..46 

..=;6 

1,62 

1. 

./,. 

..7b 

..84 

1,91 

'■99 

2-07 

3-23 

3.30 

a-,3« 

1 

2.19 

2.29 

2.40 

3.50 

2.92 

3.02 

3- '3 

3- 

2.S0 

2.93 

3- "9 

332 

3-45 

3-7' 

,% 

3- '3 

vz'i 

3.44 

3.59 

3.75 

3.91 

4.32 

4-53 

3-57 

3- 75 

3-93 

4.  II 

4.29 

^^ 

4.66 

4.S4 

5.02 

S-20 

S. 

4>i 

4)*' 

5 

5'^ 

SH 

SH 

G 

6J< 

iH 

e»-  1    7  1 

,/.. 

I.JO 

28^ 

1,.6 

1.48 

3,61 

4  10  1  4.i(|| 

K 

+  38 

4-« 

4,79 

7-97  1    E.1S  1 

Si'' 

4.3" 
S.t6 

S 

47 

■i.-s 

UT 

?,?; 

5,92 
7,03 

7-34 

n 

>M 

U? 

7-38 

8.84 

9.21  1    9.57   1 

K 

; 

7.50 

7.92 

8-11 

8.71 

9- 17 

Q-^S 

7.38 

9-73 

10,66 

11.13 

11.60  1  13.07   1 

7J< 

I'A 

iH 

8 

8X 

8>i 

8,V 

9      1    9'X 

9ji 

9X 

.1 

■i.Sl 

6.04 

6.2, 

6,46 

6.67 

6,88 

7.0S 

7-29 

7-50 

7-71 

i?; 

7-2J 

; 

44 

7.75 

9,05 

9-3' 

9- 57 

M 

S.sq 

■Vl 

10.1b 

10,47 

11.41 

;/,« 

9-93 

13.49 

va 

13.33 

•3-58  1 

14 

12.92 

?s 

14.17 

15.00 

12.54 

1: 

13.48 

'3-94 

'4-4' 

'5-35 

15.82  ,  16.29 

17.  »3 

H 

.3.«o 

■+-J2 

.4.84 

'5-36 

lS-«9 

16,41 

'6-93 

17.45    17-97 

18.49 

19.01 

10 

■oM 

"      ».« 

» 

w>i 

13 

>3>i 

«4 

Mji 

■5 

H 

[2. 03 

.2.66 

.3. 28  .3.91 

\ni 

,l„ 

14.67 

16.13 

ti 

19,04 

K 

■S.8I 

.6.67 

.7. -so 

ili.31 

19- 17 

21.07 

33.50 

as 

ss 

H 

2[.6I 

2S.78 

26. 8, 

27.87 

38,91 

M 

23.13 

24.38 

25-63 

28.13 

29,37 

30-63 

3',88 

33- "3 

34.38 

3S.63 

13 

12}i 

13 

'3>i 

'4 

•5 

16 

•7 

IB 

»9 

,0 

H 

23-70 

2^74 

2^.78 

26.S, 

27.87 

36.20 

iS.ifi 

,0.36 

V.S8 

m 

38-13 

43,63 

46.13 

l^.^l 

33.91 
38.33 

35-36 

41,19 

44.12 

47.02 

4995 

W.87 

557* 

' 

30,67 

40,00 

41,07 

43-33 

50.00 

53.33 

56.67 

6a  00 

&3-33 

WROUGHT-IRON    PLATES. 
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Table  No.  78.— WEIGHT   OF  WROUGHT-IRON   PLATES. 


ICK- 

Sect. 
Akka, 
when 

Arba  in  Squarb  Feet. 

Number 

of  sq.  ft. 

in 

h^  ah 

1  loot 

wide. 

I 

2 

3 

4 

5 

6 

7 

8 

9 

X  ton. 

let. 

-   m\.  in. 

lbs. 

lbs. 

lb& 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

sq.  feet 

V 

3.00 

lao 

20.0 

30.0 

40.0 

50.0 

60.0 

70.0 

87.5 

80.0 

90.0 

224.0 

i/t« 

3.75 

12.S 

25.0 

37.5 

50.0 

62.5 

75.0 

lOO.O 

112.5 

179.2 

< 

4.50 

15.0 

30.0 

45.0 

60.0 

Z^"^ 

90.0 

105.0 

120.0 

135.0 

149.3 

/•« 

5.20 

17.5 

350 

52.5 

70.0 

87.5 

105.0 

122.5 

140.0 

157.5 

128.0 

4 

6.00 

j 

20.0 

40.0 

60.0 

80.0 

100. 0  : 

120.0 

140.0 

160.0 

180.0 

II2.0 

/<« 

:  6.75 

22.5 

45.0 

67.5 

90.0 

II2.5 

135.0 

150.0 

180.0 

202.5 

99.67 

< 

Z-5^ 

25.0 

50.0 

75-0 

100. 0 

125.0 

150.0 

175.0 

200.0 

225.0 

89.60 

/rf 

8.25 

275 

550 

60.0 

82.5 

IIO.O 

137.5  1 

165.0 

192.5 

220.0 

247.5 

81.45 

< 

9.00 

30.0 

90.0 

120.0 

150.0  1 

180.0 

210.0 

240.0 

270.0 

74.67 

/.« 

9-75 

325 

65.0 

97.5 

130.0 

162.5 

195.0 

227.5 

260.0 

292.5 

68.92 

< 

'  11.50 

35.0 

70.0 

105.0 

140.0 

175.0 

210.0 

245.0 

280.0 

315.0 

64.00 

^« 

11.25 

37.5 

75.0 

112.5 

150.0 

187.5 

225.0 

262.5 

300.0 

337.5 

5973 

1  12.00 

1 

40.0 

80.0 

120.0 

160.0 

200.0 

240.0 

280.0 

320.0 

360.0 

56.00 

I'rf 

12.75 

42.5 

85.0 

127.5 

170.0 

212.5 

255.0 

297.5 

340.0 

382.5 

52.71 

i     !  «3-50 

450 

90.0 

135.0 

180.0 

225.0 

270.0 

315.0- 

360.0 

405.0 

49.78 

/.6 

14.25 

47.5 

95.0 

142.5 

190.0 

2375 

285.0 

332.5 

380.0 

427.5 

47.16 

1 

j  «5o 

50.0 

100. 0 

150.0 

200.0 

250.0 

300.0 

350.0 

400.0 

450.0 

44.80 

I 

16.5 

55.0 

1 10.0 

165.0 

220.0 

275.0  : 

330.0 

3»5.o 

440.0 

495.0 

40.73 

r 
t 

;   tS.O 

60.0 

120.0 

180.0 

240.0 

300.0 

360.0 

420.0 

480.0 

540.0 

37.33 

f 

21.0 

70.0 

140.0 

210.0 

280.0 

350.0 

420.0 

490.0 

560.0 

630.0 

32.00 

24.0 

80.0 

160.0 

240.0 

320.0 

400.0 

480.0 

560.0 

640.0 

720.0 

28.00 

cwts. 

cwts. 

cwts. 

cwts. 

cwts. 

cwts. 

cwts. 

cwts. 

cwts. 

30 

.893 

1.79 

2.68 

3.57 

4.46 

5.36 

6.25 

Z*'* 

8.04 

23.40  ) 

36 

1.07 

i  2.14 

3-21 

4.29 

5.36 

6.64 

7.50 

8.57 

9.64 

18.67  i 

42 

1.25 

2.50 

3.75 

5.00 

6.25 

7.50 

8.75 

10.00 

"•25 

16.00 ; 

48 

1.43 

'       9   Ml 
1      2.50 

4.29 

5.71 

7.14 

8.57 

10.00 

11.43 

12.86 

14.001 

54 

I.6I 

:  3.21 

4.82 

6.43 

8.04 

9.64 

11.25 

12.86 

14.46 

12.44  ! 

60 

1.79 

3.57 

5.36 

7.14 

8.93 

10.71 

12.50 

14.29 

16.07 

11.20 

66 

1.96 

3-93 

5.89 

7.86 

9.82 

11.79 

'375 

15.71 

17.68 

10.18 

Z* 

2.14 

4.29 

6.43 

8.57 

10.71  : 

12.86 

15.00 

17.14 

19.29 

933 

84 

2.50 
2.86 

1    5.00 

Z-5° 

10.00 

12.50  \ 

15.00 

17.50 

20.00 

22.50 

8.00 

96 

5.71 

8.57 

"•43 

10.29 

17.14 

20.00 

22.86 

25.71 

7.00 

108 

3.21 

6.43 

9.64 

12.86 

16.07  ; 

19.29 

22.50 

^5-7J 

28.93 

6.22 

120 

3.57 

7.14 

10.71 

14.29 

12.86 

21.43 

25.00 

28.56 

32.14 

5.60 

132 

3-93 

7.86 

11.79 

15.71 

19.64  , 

23.57 

27.50 

31.43 

35.36 

5.09 

144 

4.29 

8.57 

12.86 

17.14 

21.43 

25.71 

30.00 

34.29 

38.57 

4.67 

156 

4.64 

9.29 

1393 

18.57 

23.21 

27.86 

32.50 

37.14 

41.79 

4.31 

168 

5.00 

XO.00 

15.00 

20.00 

25.00 

30.00     35.00  1  40.00 

45.00 

4.00 

180 

5.36 

10.71 

16.07 

21.43 

26.79  \ 

32.14     37.50     42.86 

48.21 

3.73 

WEIGHT  OF  METALS. 


Table  Na  79.— WEIOHT  OF  SHEET  IROM. 


According  to  Wire-gauge  used  io  South  Stiflbrdshire  (Table  Nc.  Ij). 


oin 

i.as 

0344 

0375 
04  iS 

1.50 

"■75 

0500 

oSt-i 

1.25 

0615 

2.  SO 

087s 

rso 

4-00 

1121 

4.50 

1250 

5.00 

iSt-S 

6.25 

6.S8 

187  s 

7. -SO 

.tun 

2344 

9.38 

ll'l 


78,8 

84.4 


IRON  SHEETS. 


^4& 


Table  Nou  8CL— WRIGHT  OF  BLACK  AND  GALVANIZED 

IRON    SHEETS. 


Qionon's  Tablb,  founded  upon  Sik.  Joseph  Whitwqkth  Sl  Co.'s  Standard 

BiJLMINGUAM.  WUL£-GAUGB4 

XoTE. — ^The  numbers  on  HoItzapfTers  wire-gauge  are  applied  to  the  thicknesses 

on  Whitworth's  gauge. 


GH«e  of  Bhck  Sheets. 

Approximate  number  of 
square  feet  in  r  lont 

Gauge  of  Black  Sheets. 

Approximate  niunber  of 
square  feet  in  x  toiw 

Wire- 

Thacknesc 

Black 
Sheets. 

Galvanized 
Sheets. 

Wire-      ' 
Gauge. 

Thickness.. 

BUck 
Sheets. 

Galvanized 
Sheets. 

No. 

iadh. 

square  feet 

square  feet. 

No. 

inch. 

square  feet. 

square  feet. 

I 

'^ 

187 

185 

*z 

.060 

933 

876 

2 

.2&> 

200 

197 

18 

.050 

1 120 

1038 

3 

.260 

215 

212 

19 

.040 

1400 

1274 

4 

.240 

233 

229 

20 

.036 

1556 

1403 

5 

.220 

'^ 

250 

21 

.032 

1750 

1558 

6 

.200 

275 

22 

.028 

2000 

1753 

7 

.180 

311 

304 

23 

.024 

2333 

2004 

8 

.165 

339 

331 

24 

.022 

2545 

2159 

9 

.150 

373 

363 

25 

.020 

2800 

2339 

lO 

.135 

415 

403 

26 

.018 

3111 

2J53 

II 

.120 

467 

452 

27 

.016 

3500 

2008 

12 

.110 

509 

491 

28 

.014 

40C0 

3122 

13 

•°25 

589 

566 

29 

.013 

4308 

3306 

14 

.08s 

659 

630 

30 

.012 

4667 

35^3 

15 

.070 

800 

757 

31 

.010 

5600 

4017 

i6 

.065 

862 

813 

32 

.009 

6222 

4327 

346 


WEIGHT  OF   METALS. 


-WEIGHT  OP  HOOP  IRON. 


According  lo  Wire-gioge  used  in  South  StaRordshiie. 


Thick 

— 

Width  in 

!■=.„. 

H 

a 

% 

I 

■X 

a 

■H  1 

B.W.G. 

iniho. 

IbL 

lb.. 

lb.. 

lb.. 

Ita. 

Is. 

Ibl. 

"9 

.0344 

.0438 

.0716 

.0781 
.0911 

,oS6i 
.0938 
.109 

':i 

■  "5 

■"9 

144 

..58 

.171 

.100 

18 

,0500 
■0563 
.0625 

.104 
.117 
■130 

.125 
.141 
.156 

.146 
.164 
.181 

:;ti 

.208 

.IS8 

■=34 

208 

:i 

'5 
'4 

13 

s 

2 

-319 

.150 

.219 
.256 

.292 

.250 

■293 

■  333 

.281 
.329 

■375 

'1 

416 

■344 

11 

.1135 

.1150 

.1406 

■293 

.181 
■313 
■35* 

.328 
■365 

■375 
■4;  7 
.469 

■527 

469 

:S1 

1 

7 

.•563 

.3.6 
.358 
■391 

•391 

■456 

■SO' 

■  547 

.522 

n 

.703 

652 

1 

6 

5 

4 

■2344 

s 

.508 
18 

s 

.677 

:?8? 

■It 

.!;9 

S36 

912 

977 

■931 
ia7 

T„„™. 

W,^«    .N    1«C«B. 

'>i 

■K 

.;< 

> 

>X 

■X 

'M 

B,W.G. 

inchti. 

lb>. 

lbs 

lb.. 

lb.- 

IbL 

IbL 

20 
19 

■0344 
-0375 
.0438 

.197 

.219 

■2S7 

.274 

.229 

.250 
.292 

.3»8 

287 
313 

3SS 

■3>S 

■344 
.400 

18 

11 

.0500 

.271 
■305 

■339 

.3"8 
■365 

.312 
■35" 
■39' 

■333 
.375 
■417 

■37S 

.422 

.469 

521 

1?l 

■573 

"S 

14 

•3 

.0750 
.0875 

■  307 
-475 
■543 

.43« 

.469 
-549 
.626 

■  500 
.585 
.667 

■  750 

62s 

.9'7 

Jo 

.1115 

.1250 
.:4o6 

.609 

.67? 
.76. 

.656 

.703 

.750 

.842 
■937 

938 

.04 

■'7 

1.03 
1.15 
1.29 

7 

.1563 

.848 
■93' 

-913 
1.09 

■978 
1.07 
1. 17 

1,04 
1-15 
'■25 

1. 17 
i.i9 
1,41 

■30 

11 

;ii 

1.72 

6 
5 
4 

.2344 

1.19 

1.27 

>37 

1.37 
1.37 
1.46 

1.76 

■95 

^■'5 

WARRINGTON   IRON   WIRE. 


ible  No.  Si.— WEIGHT  AND  STRENGTH   OF  WARRINGTON 
IRON   WIRE. 

Tabl^  of  Wire  manufactured  bv  Rvlands  Bkotheks. 
Note.— The  Wire-Giuee  is  thst  of  Rylands  Brolbeis. 


^aRe 

wrighi  ot 

Unglh  of        ' 

Braikin 

1           Di>m»r. 

•■odai- 

1 

looYdt 

iHUc 

.  Bundle 

iC«.   1 

An- 

Bright. 

iiiynrinw 

,„ 

i«li. 

1^^ 

lU- 

IbL 

yird.. 

y«ri.. 

Ibl. 

lU. 

imn 

'      >i 

II- 7 

193-4 

3404 

33 

58' 

10470 

15700 

■Is'sa 

.1,3. 

11.9 

170,0 

2991 

37 

66 

VS. 

.3810 

»/.« 

.48-1 

z606 

43 

76' 

I20O0 

IJ/j. 

10.3 

SI 

2247 

49 

88 

6910 

10370 

Ji 

^.! 

I9"5 

58 

103 

5890 

883s 

.9852 

■   -tL 

91.4 

1609 

69 

123    ' 

4960 

7420 

1      .3*6 

8.3 

Si.  I 

1447 

77 

'36, 

4450 

6678 

■r>o 

7.6 

§1 

1227 

90 

161 

3770 

5655 

}      .'U 

7.0 

loS 

"93 

3 '40 

47'7 

\   -250(1) 

6.4 

48.4 

85' 

130 

232 

261 B 

3927 

.9852 

1          .129 

5-8 

714 

1 

276 

2197 

3195 

,       .^ 

S-3 

33.  B 

595 

3J2 

1B30 

2740 

\.      -.9. 

4-9 

a8.i 

495 

233 

397 

1528 

3290 

1       -"74 

4-4 

23-4 

41a 

269 

479 

1268 

1900 

-'59 

4-0 

19.6 

344 

321 

573 

1060 

1558 

1'      ..46 

3-7 

.6.5 

290 

3S2 

6S0 

S93 

'34° 

1       -'33 

3.4 

'3.7 

241 

460 

S19 

741 

\  -"5  1*) 

3* 

113 

521 

927 

G54 

'9^ 

.985J 

1       ."17 

3.0 

)0  6 

1S6 

595 

1059 

%l 

S60 

.""(A) 

a,6 

8.0 

141 

7S3 

1393 

650 

1,      .090 

»3 

^■3 

1006 

1790 

m 

509 

1       079 

2.0 

4.8 

!5 

1305 

2322 

390 

,069 

1.8 

3-7 

65 

'ill 

3052 

\^ 

299 

!.o6a5  (A) 

'-5 

a.9 

5' 

3S94 

233 

■937S 

\     -053 

1-3 

a.i 

38 

2900 

5160 

i:S 

176 

'      -<147 

'-7 

30 

36S7 

6560 

93 

'38 

.041 

'■3 

23 

4847 

S6zo 

70 

105 

.oj6 

:l 

l.a 

18 

59S5 

54 

81 

■oitiiWt 

.8 

"4 

757-1 

I4K2 

43 

64 

1.0843 

.03S 

■7 

.6 

9893 

184S6 

33 

49 

.  This  Table  of  the  weight  and  sirenglh  of  Wanineion  wire  is  giYen  by  pertnisrion 
IS.  Rytands  Brothers;  and  il  U  said  to  be  liased  on  veiy  accurate  measuTemenla  of 
A  weights.  The  last  colamn  is  added  by  the  author,  to  show  that  Ihe  density  of 
:  a  stationary  for  diatneleis  of  from  ^  inch  to  ^  inch,  and  probably  tomewhat 
dianiFCcis  ;  but  Ihal,  conlniry  10  correni  opinions  of  (he  density  of  wire,  the 
becomes  grealer  when  the  diameter  is  reduced  to  '/ji  i"i^b. 


1 

J 

1 

■ 

■ 

■ 

1 

■ 

^^^1 

^ 

248 

WEIGHT   OF   METALS. 

1 

Table  No.  83.— WEIGHT  OF   WROUGHT-IRON   TUBES,        | 

BV    iMTEENAL   DlAUETER. 

1 

Length,   i  Foot.     Thickness  by  Holtiapffel's  Wire-Gaugt                     I 

Ta.cK- 

4 

5 

S 

1 

.238 

220 

.103 

TdB 

Inch. 

H 

B/i« 

% 

7/,« 

^ 

5/.6 

% 

'VS4/ 

ih^f. 

.* 

Jta 

Ibt. 

pi*». 

Ibl. 

llK. 

Ibl 

lb. 

Ibt 

11*. 

ibfc 

lb.. 

Wa. 

n>. 

■^' 

4.91 

5  73 

4-OS 
4-79 

3-*7 
3-9J 

2.58 

3-'5 

1.96 
a-4S 

\&. 

,982 
1.31 

■90s 

,'ll 

.698 
.963 

« 

H 

54 

5-5^ 

4-5S 

3-72 

2-9S 

2,2s  1.64 

■^53 

1.37 

1.23 

13 

% 

36 

6.26 

5-24 

4-30 

3-44 

2.66'   1.96 

1-S4 

1,66 

«-So 

H 

9 

00      7-73 

;;ii 

5-44 

4-40 

3.48 

2.62 

2,46 

2,24 

Isl 

\.rk 

1.6 

9.20 

6.59 

5,40 

4.30 

3.^7 

3.09 

2.S1 

^ 

1% 

■3 

10.7 

9,17 

7-73 

6.38 

5-" 

3.93 
4.58 

3-71 

3-39 

a-"^ 

S 

>>i 

1 

■9 

10.5 

8.88 

7.36 

5.93 

4.33 

3.96 

3.6. 

i)< 

1 

.6 

13.6 

if.8 

10.0 

8,34 

6.75 

5-!* 

4_96 

4-54 

til 

j« 

15» 

13-1 

9-33 

7-57 

5.S9 

5-58 

5-12 

4,11 

^x 

I 

is 

16.6 

14-4 

12.3 

10.3 

8-38  1  6.55 

6.20 

5.69 

5-21 

tj! 

»>i 

■5 

18.0 

15-7 

'3-5 

"■3 

9.20!   7.20 

6,83 

6,27 

5-75 

5,0s 

ajf 

■9.5 

17.0 

14,6 

12,3 

7-85 

io7 

6.84 

6- 28 

l:S 

3 

■7 

'8.3 

15,8 

133 

10.8 

H^ 

6.81 

3;i 

23-9 

20.9 

l8,D 

15,2 

9.82 

9.32 

si? 

7.87 

% 

4 

3 

■3 

26.9 

23-6 

20.3 

17.2 

14,1 

10.6 

9.72 

8.94 

4ji 

3 

:l 

29.8 

a6.2 

22,6 

19,1 

1S.8 

12.4 

11,8 

lag 

tao 

8.82 

S 

3 

3*.  8 

28.8 

24-9 

17.4 

'3-7 

9-77 

Sji 

4 

35.7 

31-4 

27,2 

23." 

19.0 

'5' 

'4-3 

'3.2 

11. 1    10.7  u 

6 

4 

■4 

38.7 

34-0 

29,5 

25-0 

20.7 

16,4 

15.6 

'4.3 

13.2 

11-7 

b% 

4 

,6 

41.6 

3&.7 

31-S 

27,0 

22.3 

17-7 

16, 8 

'55 

14-3 

12.6 

7 

4 

-9 

44.6 

39-3 

34-1 

29.0 

23.9 

19,0 

i«,o 

16,6 

>5-3 

13s 

7li 

S 

47.5 

41,9 

364 

30-9 

25,6 

20.3 

'9-3 

.7,8 

.6.4 

14-S 

g 

5 

5 

50-4 

44-5 

38.7 

32-9 

27.2 

21.6 

2D.  5 

iS.g 

17.4 

'S.4 

9 

6 

■0 

t^ 

49.7 

■*^'^ 

36.S 

30.5 

24.2 

23-0 

21,2 

19-6 

■7.3 

69 

■5 

52.  z 

55-0 

47.8 

40.7 

33.3     26,8 

=5-5 

23-5 

21.7 

19.1 

7 

68.1 

60.1 

S»-4 

44-7 

37,0     29.5 

2S,0 

a? 

23.8 

S 

^6 

74.0 

65s 

57.0 

4S.6 

40.3 

32,1 

30.5 

t? 

23.0 

13 

8 

80.0 

70.7 

61.6 

52.5 

43.6 

34-7 

330 

30-4 

24.9 

14 

9 

7 

85.8 

75-9 

66.2 

565 

46,8 

37.3 

35.5 

32.7 

30.2 

26.7 

«5 

3 

91.7 

Bi.j 

70,7 

60.4 

SO.  I 

39.9 

38-0 

35-0 

32.3 

18,6 

16 

10 

8 

97-6 

86.4 

75-3 

64.3 

53-4 

42.5 

40.5 

37.3 

34-4 

IP-^ 

•7 

" 

4 

'03- 5 

^i^ 

79-9 

68.2 

56.7 

«■? 

43.0 

39.6 

36.6 

3M 

iS 

9 

109,3 

96.9 

34,5 

72,2 

599 

47-S 

45.5 

41.9 

u 

34-J 

>9 

5 

115,3 

89,. 

76,1 

63.2 

50.4 

4S.0 

44.2 

36.2 

20 

>3] 

{°7-3 

% 

S0.0 

66,5 

53-0 

50-4 

46.S 

42.9 

38.0 

'■*. 

5 

137.0 

83-9 

69-7 

55.6 

52.9 

48,8 

45- 1 

39-9 
41.1 

148 

■32.9 

117:8 

102. 8 

87.9 

73.0 

58.3 

55-4 

5'-' 

47-2 

J3 

'54 

6 

138-8 

107.4 

9>,8 

7ti.3 

60.9 

57.9 

53.4 

49-3 

43-7 

24 

16 

2 

144-7 

128,3 

95-7 

79.6 

63.5 

60.4 

55-7 

S"S 

45-6 

36 

'74 

3 

.56.5 

.38-8 

121.1 

103.6 

86,1 

68,7 

63,4 

60.3 

55-7 

49.3 

187 

.68.3 

149. 1 

130,3 

111,4 

92,7 

74-0 

70.4 

f'4.9 

60.0 

% 

30 

4 

1S0.0 

1597 

'395 

"19-3 

99,2 

79.2 

75-4 

69-5 

64.2 

3» 

113 

5 

191,8 

170,2 

148,6 

127,1 

105.7 

84.4 

80.4 

74-' 

?^:i 

6a6 

34. 

22G 

6 

203.6 

180,6 

157.8 

'35.0 

!;ii 

89- 7 

85.4 

78-7 

64-4 

36        239.7 

215.4 

191.1 

167.0 

142.9 

94-9 

90-4 

S3.4 

77.0 

68.1 
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Table  No.  S3  {continuui). 
Length,  i  Foot.     Thickness  by  Holtzapffel's  Wire-Gauge. 


r*rcK-| 
HT.  C. 


8 


.165   I    .148 

VV^^-.  9/64/ 


JTT. 

US.  I    Ibi. 


H 

I 

H 

I 

I 
t 


>}i 


I 


.501 

•717 

•934 
1. 15 

1.58 

2.01 

2!  si 
3.31 

3-74 
4.17 

4.61 

5.47 

6.33 
7.20 

8.06 

8.93 

9.79 
10.7 

11.5 

12.4 

»3-3 
14.1 

15.8 
17.6 

19.3 
21.0 

22.7 

24.5 
26.2 

27.9 

29.6 
3«-4 

34.8 
36.6 

38.3 
40LO 

41.8 

45-2 
48.7 
52.1 

555 
59uO 

62.4 


.610 

•797 
i.oo 

1.39 
1.78 

2.17 

2.94 

3-33 
372 
4.10 

4-49 
4.88 

5- 65 
6.43 

7.20 
7.98 
8.75 

9-53 
10.3 

II.  I 

11.9 

12.6 

14.2 

15.7 

173 
18.8 

20.4 

21.9 

23.5 
25.0 

26.6 
28.1 
29.7 
3«-2 
32.8 

34.3 
35-9 
37-4 

40.5 
43.6 

46.7 

49.8 
52.9 
56-0 


10 


•134 

9/64^. 


lbs. 

.364 

.539 
.714 

.890 

1.24 

'59 
1.94 

2.29 

2.64 
3.00 

3-35 
3.70 
4.05 

4-40 

5.80 

6.50 
7.21 

7-91 
8.61 

9.31 
10.0 

10.7 
11.4 

12.8 
14.2 
15.6 
17.0 
18.4 
19.8 
21.3 
22.7 

24.1 

26.9 
28.3 
29.7 

3ii 
32.5 
33.9 

3^-7 
39.5 
42.3 

48.0 
50.8 


II 


.120 


lbs. 

.318 
.472 
.625 

.779 
1.09 

r.41 

1.72 

2.04 

2.35 
2.66 

2.98 

329 
3.61 

392 

4.55 
5.18 

5.81 
6.44 
7.06 
7.69 
8.32 

9.58 
10.2 

11.5 
12.7 
14.0 
15.2 
16.5 

17.7 
19.0 

20.3 

21. J 
22.5 
24.0 

253 
26.5 

27.8 

29.1 

30.3 

32.8 

35-3 
37.8 
40.4 

42.9 
45-4 


12 


13 


14 


15 


.109 

7/64 


lbs. 

.267 
.410 

.553 
.695 

.981 

1.27 

^•55 
1.84 

2.12 
2.41 
2.69 
2.98 
3.26 

3.55 
4.12 

4.69 

5.26 

583 
6.40 

6.97 

8.12 
8.69 
9.26 

10.4 
11.5 

12.7 
13.8 

150 
16. 1 
17.2 
18.4 

19.5 
20.6 

21.8 

22.9 

24.1 

25.2 

26.4 

27.5 
29.8 
32.1 
34.4 
36.7 
390 
41.3 


.095 

.083 

3/3a/ 

5/64/ 

lbs. 

lbs. 

.219 

.181 

.343 
.468 

.290 

.398 

.592 

.507 

.841 

.718 

1.09 

•935 

1.34 

1. 15 

1.59 

1-37 

1.84 

^•59 

2.08 

1. 81 

2.33 

2.02 

2.58 

2.24 

2.83 

2.46 

3.08 

2.68 

3.58 

3" 

4.07 

3.55 

4.57 

3.98 

5.07 

4.42 

5.57 

4.85 

6.07 

5.29 

6.56 

5.72 

7.06 

6.16 

7.56 

6.59 

8.06 

7.03 

9.05 

7.90 

lO.O 

8.77 

II.O 

9.64 

J2.0 

10.5 

13.0 

11.4 

14.0 

12.2 

15.0 

13- 1 

16.0 

14.0 

17.0 

14.9 

18.0 

«5-7 

19.0 

16.6 

20.0 

17.5 

21.0 

18.3 

22.0 

19.2 

23.0 

20.1 

24.0 

20.9 

26.0 

22.6 

28.0 

24.4 

30.0 

26.1 

32.0 

27.9 

34.0 

29.7 

36.0 

31.4 

.072 

5/64  *. 


lbs. 

.149 

.243 

.337 

•431 
.620 

.808 

.997 
1. 19 

1.37 
1.56 

1.75 
1.94 

2.13 
2.31 
2.69 
3.07 

3.83 
4.20 

4.58 
4.96 

5-33 

5.71 
6.09 

6.84 
7.60 

8.35 
9.10 

9.86 

10.6 

II. 4 

12.1 

12.9 

13-6 
14.4 
15.1 

159 
16.6 

17.4 
18. 1 

19.7 
21.2 

22.7 

24.2 

25.8 

27.3 


16 


.065 


17 


lbs. 

.130 
.215 
.300 

.385 

•555 
.725 

.895 
1.07 

1.24 
1. 41 
1.58 

1-75 
1.92 

2.09 

2.43 
2.77 

3." 

3.45 

3-79 

4.13 

4.47 
4.81 

5.15 
5-49 

6.17 
6.85 

Z-53 
8.21 

8.89 

9.57 
10.3 

10.9 

II. 6 
12.3 
13.0 

13.7 
14.3 
15.0 

157 
16.4 

I7^7 
19. 1 
20.5 
21.8 
23.2 
24.6 


.058 


lbs. 

.Ill 
.187 
.263 

•339 
.491 

•643 

•795 
.946 

1. 10 
1.25 
1.40 

1.55 

i!86 
2.16 

2.47 

2.77 

307 

3.38 
3.68 

3.98 
4.29 

4.59 
4.90 

5.50 
6.  II 
6.72 

7.33 
7.93 
8.54 

9.8g 
10.4 

II.O 

II. 6 
12.2 
12.8 

13.4 
14.0 

14.6 

15.8 
17.0 

«8.3 

19.5 
20.7 

21.9 


18 


.049 

3/64/ 

lbs. 

.0895 

•  154 
.218 

.282 

.410 

.538 

.667 

•795 

•923 
1.05 

1. 18 

1.31 

1.44 

1.82 
2.08 

2.34 

2.59 
2.85 

3." 
336 
3.62 

3.88 

4- 13 

4.65 
5.16 

5-67 
6.19 

6.70 

7.22 

7.73 
8.24 

8.76 
9.27 
9.78 
10.3 
10.8 

iiii 
12.6 

^•4 
14.4 

15.4 
16.5 

«7.5 
1&6 


1 

^^^^H 

^ 
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WEHjIlT   OF   METALS. 

1 

Table  Na  84.— weight  of  wroughT- 

IRON   TUBEB,         1 

BY  External  Diameter, 

Length,  1  Foot.     Thickness  by  Holwapffcl's 

Wire-Gauge. 

1 

i 

w.  0. 

7             8      1      9 

10 

" 

la 

13    ;    14 

'S 

IHCH. 

.iSa        .165        .148 

■134 

.120 

.109 

.09s  !  .083 

.07* 

3/.ai-;"/6.*-|  •'•■ii/- 

»;64*. 

!  Hi. 

'16* 

3/3./    S/04/ 

Jii 

Ejir.  D.*M- 

lbs 

]!».      1      Ibi. 

1  it». 

ib». 

Ibi.            Ita. 

I  inch. 

i-SS 

•■44        1.3:1 

.900         .797 

:il 

1.7B 

1.66    !    1. 51 
■.88    1    ..?. 

1-39 

1.S7 

1^26 

1.42 

Me 
1.30 

1.03         .906 

I. IS    i    i.oi 

s 

2.25 

2-49 

2.09    1    1.90 
1.31    [    2.10 

1-74 

1.92 

"58 

1-73 

'-45 
1.59 

1.27    !    i-ia 
1.40   '    I- 13 

nx 

iH 

1-72 

2.53     1     2.29 

a.09 

1.89 

•■.V, 

1-52       1.34 

l.IJ 

'X 

3-96        Z.74    1    2.48 

a.27 

a.o5 

1.6S  ;  I.4S 

:3 

I?* 

319 

2.96    1    Z.6S 

a.  45 

2.02 

1.77  i  1.56 

a 

3-43 

3.17        2.87 

a.62 

2.16 

1.90  j  1.67 

2^4  i  1:11 

I-4S 

«J< 

367 

339        3.06 

2.80 

2' ^2 

2.30 

::S 

^'A 

3.90 

3,60        3.26 

2.97 

lis 

414 

3-8:'        3-45 

3- IS 

2.83 

2.59 

2.27    1.99 

::« 

437 

4-tH    1    3-65 

3-3* 

3.99 

H^ 

2.39    3.10 

4.6. 

4.25    :    3-84 

3-50 

3-15 

2.87 

2.S3        2.ai 

1-93 

4.84         4.47    1    4,03    1     3.67 

3-3' 

3.oa 

2.64     2.3a 

>.(H 

'H 

5.°8 

4-68       4-33    j    3.a5 

346 

3-16 

2.77  I  2.43 

1.11 

3 

5-32 

4.90    :    4-41    ,    40* 
S.33       4.8l        4-37 

3.63 

3-3° 

Z.S9  1  2.54 

a.11 

3J< 

S-79 

3-94 

3-59 

3-14    '    a.75 

3.40 

3;^ 

6.2G 

5,76   :    S.20 

4.72 

4*5 

3.S7 

3.39    1    a.97 
3-64   .    3-19 

2.59 

ZH 

6.73 

6-19    ;    5.58 

5-°7 

t& 

4.16 

3 

4 

6-63    !    5-97 
7.C36   :    6,36 

5.43 

4-44 

389    i    3-40 

4'< 

7.67 

S-7i 

S.20 

4-73 

''■'J 

3-62 

3.'i 

4,'i 

S.14 

749    ■    7. 45 

r^ 

5  5' 

5.01 

438 

3-84 

3-34 

4ji 

S.6. 

7-91       7.13 

^^2 

S-30 

4-63 

4.06 

3.51 

5 

9.08 

8-35    !    7-51 

6.83 

6.13 

5-58 

4. 88 

4-27 

3-T 

5V 

9.56 

8,79   ■    7.91 
9.22    !    ^,30 

7.18 

6.44 

5-87 

5-«3 

4-49 

3-90 

S>i 

l-M 

6.76 

6,15 

5-38 

4.71 

t3 

5^ 

10.5 

9.65    '    8.68 

7.07 

6-44 

5.63 

4-93 

6 

10.  1     ;     9.07 

ill 

7-39 

6.73 

5.87 

5.14 

447 

6V 

U.4 

10,5  ,  9.46 

7.70 

7,01 

6.12    1    5.36 

4.66 

t'>i 

11,9    1    to.9        9.85 

8.93 

8.02 

7-30 

6.37    I  -5- 58 

4.8s 

6J< 

g.ag 

8.33 

7.58 

6.62 

5-79 

S.°3    ■ 

7 

12.9    1'    II. 8    1    10.6 

9.63 

8.64 

7.87 

6.B7 

6.01 

5.22 

13.3       ".a    ;    "-o 

9.99 

8.96 

8.15 

7.12 

6.23 

S-41 

13.8        IJ.7    1    11.4 
14-3        '3'    1    11.8 

10.3 

9.27 

8.44 

7-37 

6.45 

S.60 

J'' 

10.7 

959 

8.72 

7.62 

6.66 

579 

14.7           13,5     1      12.2 

9.90 

9.01 

7.S6        6.88 

S.98 

w.o. 

4       1        5 

- 

Q 

7 

S 

9 

I«   H 

■3"5 

.281      1     .23S 

220 

03 

. 

80 

.165 

.148 

S/.6 

s/3.       I    >i/6,/ 

■'/3= 

■-V6, 

.6*. 

'•/U  i. 

O/'kf- 

Ext.  Dmm. 

JtK. 

ibi.      1     ih.. 

Ibii. 

11,^ 

~. 

Ibi 

Ihi. 

ai.g 

19.  S         16.9 

15^6 

14- S 

2.9 

it.S 

10.6 

7H 

23- S 

...3         .8 

16,8 

15.S 

3-8 

12.7 

11.4 

8 

ays 

22.7          ig 

3 

17-9 

16.6 

4-7 

'35 

8>i 

26.8 

84.2          ao 

6 

19,1 

17.6 

5-7 

'4-4 

13.9 

9 

28.4 

25.7             2t 

S 

18.7 

6.6 

'5-3 

13.7 

9ii 

30.1 

27.1             23 

31.4 

.9.8 

7.6 

16.1 

I4-S 

3'.7 

2S.6        a4.3 

32.5 

20.8 

8.5 

17.0 
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UST  OF  TABLES   OF  THE  WEIGHT  OF   CAST  IRON, 
STEEL,   COPPER,   BRASS,  TIN,   LEAD,   AND  ZINC. 

The  following  Tables  are  devoted  to  the  specialities  of  manufacture  in 
Cast  Iron,  Steel,  and  other  metals,  embracing  the  utmost  range  of  dimen- 
sions to  which  objects  in  the  several  metals  are  executed  in  the  ordinary 
coarse  of  practice. 

Thus,  whilst  it  is  customary  for  certain  classes  of  Cylinders  in  Cast  Iron — 
steam  cylinders,  for  example — to  be  constructed  according  to  given  internal 
(fiameters,  other  classes  are  constructed  according  to  diameters  given 
externally,  as  the  iron  piers  of  railway  bridges.  Two  distinct  tables  accord- 
ing^ have  been  composed,  showing  the  weights  of  Cylinders  of  various 
diidmesses,  and  of  diameters  as  measured  internally  and  externally. 

The  weights  of  Copper  Pipes  and  Cylinders  are  only  calculated  for  in- 
ternal diameters,  as  it  is  not  the  practice  to  construct  them  to  given  external 
diameters.  Brass  Tubes,  on  the  contrar}-,  are  calculated  only  for  external 
diameters,  as  the\'  are  not  ordinarily  made  to  given  internal  diameters. 

Table  Na  85. — ^\Veight  of  Cast-iron  Cylinders,  i  foot  in  length,  advanc- 
ing, by  internal  measurement,  from  i  inch  to  10  feet  in  diameter,  and  from 
}(  inch  to  2]^  inches  in  thickness. 

Table  No.  86. — Weight  of  Cast-iron  Cylinders,  i  foot  in  length,  advanc- 
ing, by  external  measurement,  from  3  inches  to  20  feet  in  diameter,  and 
from  3/^5  inch  to  4  inches  in  thickness. 

Table  No.  87. — Volume  and  weight  of  Cast-iron  Balls,  when  the 
diameter  is  given ;  from  i  inch  to  32  inches  in  diameter,  Hith  multipliers 
fior  other  metals. 

Table  No.  88. — Diameter  of  Cast-iron  Balls,  when  the  weight  is  given ; 
from  ^  p>ound  to  40  cwts. 

Table  No.  89. — Weight  d"  Flat  Bar  Steel,  i  foot  in  length  ;  from  J^  inch 
to  I  inch  thick,  and  from  }^  inch  to  8  inches  in  width. 

Table  No.  90. — Weight  of  Square  Steel,  i  foot  in  length  ;  from  ^  inch 
to  6  inches  square. 

Table  Na  91. — ^\Veight  of  Round  Steel,  1  foot  in  length ;  from  }i  inch 
to  24  inches  in  diameter. 

Table  No.  92. — ^\Veight  of  Chisel  Steel:  hexagonal  and  octagonal,  i  foot 
in  length ;  from  |^  inch  to  1 5^  inches  diameter  across  the  sides. 
Oval-flat,  from  ^  x  ^  inch  to  1 5^  x  s^  inch. 

Table  No.  93. — W^eight  of  one  square  foot  of  Sheet  Copper;  from  No.  i 
to  Na  30  wire-gauge,  as  employed  by  Williams,  Foster,  &  Co. 

Table  No.  94. — Weight  of  Copper  Pipes  and  Cylinders,  i  foot  in  length. 
idvandngy  by  intemal  measurement,  from  }i  inch  to  36  inches  in  diameter, 
md  from  Nou  0000  to  Na  20  wire-gange  in  thickness. 


252- 


WEIGHT  OF  METALSL 


Table  No.  95. — ^Weight  of  Brass  Tubes,  i  foot  in  length,  advancing,  by 
external  measurement,  from  }i  inch  to  6  inches  in  diameter,  and  from 
No.  3  to  No.  25  wire-gauge  in  thickness; 

Table  No.  96. — ^Weight  of  one  square  foot  of  Sheet  Brass;  finom  No.  310 
No.  25  wire-gauge  in  thickness. 

,   Table  No.  97. — Size  and  weight  of  Tin  Plates. 

Table  No.  98. — ^Weight  of  Tin  Pipes,  as  manufactured. 

Table  No.  99. — Weight  of  Lead  Pipes,  as  manufactured. 

Table  No.  100. — Dimensions  and  weight  of  Sheet  Zinc     (VteBe-Mltit 
tagne,) 
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Table  No.  85. — Weight  of  Cast-Iron  Cylinders. 


Bt  Internal  Diameter,    i  Foot  Long. 


TuiCKirBss  IN  Inchbs. 


V    i     s/^6  I     H 


lbs. 

3-07; 
4-30 

5-52; 
6.75 
7.98} 
9.20  ^ 

10.4 
II.7 
12.9 
14.1 
15^3 


lbs. 
4.03 

5.56 
7.09 
8.63 

ia2 
11.7 

"3.2 
14.8 
16.3 
17.8 

19.4 


I 


ifa*. 

5.06 

6.90 

8.74 
10.6 

12.4 

14.3 

16.1 
18.0 
19.8 
21.6 

23.5 


7/16 


ifa*. 
6.17 
8.32 
10.5 
12.6 
14.8 
16.9 

19. 1 
22.1 

23.4 
25.5 
27.7 


H 


lbs. 

7.36 

9.82 
12.3 

14.7 

17.2 
19.6 

22.1 

245 
27.0 
29.5 
32.0 


9/16 

H 

lbs. 

lbs. 

8.63 

9-97 

11.4 

13. 1 

14.2 

16. 1 

16.9 

19.2 

19.7 

22.2 

22.4 

25.3 

25.2 

28.4 

28.0 

31.5 

30.7 

34.5 

33-5 

37-6 

36.2 

40.7 

XI 


/x6 


lbs. 
II.4 
14.8 
18.1 
21.5 
24.9 
28.3 

31.6 

35.0 
38.4 
41.8 

45- 1 


lbs. 
12.9 
16.6 
20.3 

23-9 
27.6 

31.3 

350 
38.7 
42.3 
46.0 

49.7 


H 


lbs. 

16. 1 

20.4 

24.7 
29.0 

33.3 
37.6 

41.9 
46.2 

54.8 
59. » 


lbs. 
19.6 

24.5 

29.5 

34.4 

39.3 
44.2 

49.1 
54.0 

58.9 

63.8 

68.7 


Thickness  in  Inches. 


6 

!  s 

!   9 
10 

Ji 

!l2 

* 

13 

14 
»5 

16 

>7 
18 


H 


lbs. 

23.5 

25.3 
27.2 

29.0 

30.8 

32.7 

34.5 
36.4 
38.2 
40.0 
41.9 

43-7 

45.6 
49.2 

52.9 
56.6 

6a3 
64.0 

67.7 


7/16  I     X 


lbs. 

27.7 
29.8 

32.0 
34.1 
36.3 
38.4 

40.5 
42.7 
44-8 
47.0 
49.1 

51.3 

53.4 

57.7 
62.0 

66.3 

70.6 

74.9 
79.2 


lbs. 

32.0 

34.4 
36.8 

39.3 
41.7 

44-2 

46.6 
49.1 

51-5 
54.0 

56.5 

58.9 

61.4 
66.3 
71.2 
76.1 
81.0 

85.9 
90.8 


9/16 

H 

lbs. 

lbs. 

36.2 

40.7 

39.0 

43-7 

41.8 

46.8 

44.5 

49.9 

47.3 

52.9 

50.0 

^       0 

55.9 

52.8 
58.3 

61. 1 

639 

66.6 

69.4 

74.9 
80.4 

85.9 

91.5 
97.0 

102.5 


59.0 
62.0 

65.1 

68.2 

71.2 

74.5 

77.5 
83.6 

89.7 

95.9 
102.0 

108.2 
"4.3 


II 


/«6 


lbs. 
45.1 

48.5 
51.9 

55-3 
58.6 

62.0 

65.4 
68.8 
72.1 

78.9 
82.3 

85.6 
92.4 
99.1 
105.9 
112.6 
1 19. 4 
126. 1 


H 


lbs. 

49.7 

53-4 

60.8 
64.4 
68.1 

71.8 

75-5 
79.2 

82.8 

86.5 

90.2 

93-9 
101.2 

108.6 

1 16.0 

123.3 
1307 

138. 1 


^ 


lbs. 

63.4 
67.7 

71.9 
76.2 

80.5 

84.8 
89.1 

93.4 

97-7 
102.0 

106.3 

1 10.6 
1 19. 2 
127.8 

136.4 
145.0 

153.6 
162.2 


lbs. 

68.7 
73-6 

78.5 

U:l 

93.3 
98.2 

lOJI 

108.0 
112.9 
117.8 
122.7 

127.6 

137.5 

147.3 
157. 1 
166.9 
176.7 
186.5 


iH 


lbs. 

78.7 

84.2 

89.7 

95-3 
100.8 

106.3 

III. 8 

117.4 
122.9 

128.4 

»33.9 
139.4 

145.0 
156.0 
167.1 
178.1 
189.1 
200.2 
211.2 


IX 


lbs. 

89.0 

95. » 

101.2 

107.4 

II3.5 
119.7 

125.8 

131.9 
138.1 

144.2 

150.3 
156.5 

162.6 

174.9 
187.2 

199.4 

211. 7 
224.0 
236.2 


Thickness  in  Inches. 


18 

19 
JO 

21 

22 

23 
24 
25 


H 


cwt. 
.604 

.637 
.670 

.703 

.736 

.7^ 
.802 

835 


7/16 


cwt. 

.707 
.746 

.784 

.823 
.861 

.900 

.939 

.977 


H 

H 

H 

}i 

I 

IX 

IX 

'H 

cwts. 

cwts. 

cwts. 

cwts. 

cwts. 

cwts. 

cwts. 

cwts. 

.811 

1.02 

1.23 

»-45 

1.67 

1.89 

2.II 

2.46 

2.58 

:i|l 

1.08 
1.13 

1.30 
1.36 

1.60 

\t 

2!o8 

2.22 

2.33 

.942 

1.19 

1.43 

1.68 

1.93 

2.18 

2.44 

2.70 

.986 

1.24 

1.49 

1.76 

2.02 

2.28 

*•§§ 

2.82 

1.03 

1.29 

1.56 

1.83 

2.10 

2.38 

2.66 

2.94 

1.07 

1.35 

1.63 

1.91 

2.19 

2.48 

ni 

3-^ 

1. 12 

1.40 

1.69 

1.99 

2.28 

2.58 

3.18 

iH 


cwts. 

2.56 

2.70 

2.83 

2.96 

3.09 

3.22 

3. 
3. 


J.48 
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Table  No.  85  {coniintiai 

. 

By  Internal  Diameter, 

I  Foot  Long. 

Dmh, 

THICKHUt  IK 

t>.CHU. 

>i 

7/.6 

>i 

H 

JC 

H 

I 

i}i 

■X 

'H 

t}i 

inchn 

CWi!. 

^^ 

c*r.. 

CWU. 

CWU, 

c»u. 

CWU. 

CWU 

on 

CWt» 

<M. 

26 

1.46 

:.76 

2.06 

2-37 

2.68 

2.99 

3-30 

3.6* 

.901 

i.os 

1.51 

1.82 

2.14 

2.45 

2.77 

3.09 

34a 

iS 

zS 

•93* 

1.09 

I.=5 

I-S7 

1.89 

2-54 

2.87 

3.20 

354 

ig 

.967 

1. 19 

t.(,2 

1.96 

2.29 

2.63 

2.97 

3^3' 

3-66 

4-« 

30 

.99S 

1.17 

'■34 

I.6S 

2.02 

».37 

1,72 

3-07 

3.4a 

3-78 

4.14    J 

3J 

r.o6 

1.25 

'■43 

'-79 

2.15 

2.52 

2.Sg 

3-64 

4.02 

4-41 

34 

1.13 

1.32 

1.51 

1.90 

2,29 

2.07 

3^o7 

3-86 

4.26 

4.67 

36 

1.40 

1.60 

2.42 

2.S3 

3-a4 

3.66 

4.08 

4-50 

4-94 

38 

1.26 

..47 

1,69 

2.12 

2.55 

2.98 

3.41 

3-86 

4-30 

4.75 

S-» 

40 

■■33 

'55 

1-77 

2,23 

2.68 

3- 14 

359 

4-oS 

452 

4-99 

5-47 

41 

'39 

■  -63 

1.86 

=■34 

2.81 

329 

3-77 

4-25 

4-74 

523 

5-73 

■l? 

1.49 

t.75 

'■99 

2.50 

3^o' 

352 

4-03 

4.55 

5.07 

5-59 

6- 'J    1 

48 

t.S9 

1.86 

J.ll 

2.66 

3.21 

3-75 

4.30 

4.8s 

5.40 

S.96 

6-5»    ' 

T 

ICKWESl  IN 

NCH.S. 

H 

H 

H 

•    1  ^H 

>iC 

'H 

i>i 

'H 

2 

aV 

IBcho, 

c*u. 

'cwoT 

CWU. 

CWU. 

CWU 

CWU, 

CWU. 

„u 

CWB. 

IwuT 

era. 

48 

2.66 

321 

3.75 

4.30 

4,8s 

5.40 

5-96 

6.S2 

7.63 

8.77 

9.91 

SI 

2.S1 

3.40 

3.98 

4.56 

5- '4 

t'd 

6.31 

6.91 

8.09 

9-29 

">-S 

54 

2.99 

3.60 

4,21 

4. 82 

5-44 

6.69 

7.31 

8.55 

9,82 

57 

3-'5 

3.&^ 

4-44 

5.09 

IV 

6.38 

7.0s 

7.70 

II-7 

60 

3.32 

4.67 

5-35 

6.7. 

7^4' 

8.10 

9-47 

10,9 

12.3 

&3 

3-48 

4,19 

4,90 

5-^i 

iP 

7,04 

7,78 

8-49 

9-93 

12.9 

66 

3.64 

4-39 

S'3 

5-88 

6-62 

7-37 

8.14 

8.89 

10.4 

11.9 

'3-S 

69 

3.81 

4-59 

536 

6.14 

6.92 

r70 

8,51 

9.z8 

10.9 

12.  s 

14.1 

71 

3.97 

4.78 

S-S9 

6.40 

7.21 

8.03 

8.87 

9.67 

11.3 

•3.0 

14-7 

i 

4.14 

4.98 

S.iz 

6.66 

u\ 

8-36 

9.24 

i:,8 

'3  5 

15.1 

4.30 

5,18 

6.0s 

6-93 

S69 

9.60 

10!  s 

14.0 

15-8 

4.46 

5-3S 

6.zS 

7.19 

8.10 

9-02 

9-97 

10,9 

12.7 

14.6 

16.4 

84 

4.63 

5-57 

6.51 

7-45 

8.40 

9-35 

10.3 

\\i 

'3-2 

iS-i 

(7.0 

87 

4.79 

5.77 

6.74 

7.72 

8.69 

9.67 

10.7 

.3.6 

15-6 

17.6 

90 

4.96 

5  97 

6.97 

7.98 

E.99 

14. 1 

16. 1 

1S.1 

93 

5.12 

6.17 

7.20 

8.24 

9.29 

10.3 

11,4 

12.4 

"4-5 

16.7 

lO 

96 

5.^8 

6,36 

7-43 

8,;. 

9.58 

10.7 

11.8 

12.8 

'5-0 

:7-2 

■9.4 

99 

5.4S 

6. 56 

7.65 

8.77 

9.S8 

13-2 

fSS 

•7-7 

5.6i 

6,76 

7-S9 

9-03 

11.3 

12.S 

■  3.6 

15-9 

1S.2 

ia6 

;a 

5-78 

6.95 

S.12 

9.19 

5 

11.7 

12.9 

14.0 

.g.4 

1S.3 

5-94 

7- '5 

8.36 

9.56 

8 

■3-3 

14.4 

16.S 

'^■3 

21.8 

7.35 

B 

9.62 

•.a 

'3-6 

.4.8 

'^■3 

19.8 

22.3 

114 

6:27 

7.55 

" 

14.0 

15.2 

17.8 

20.3 

22.9 

117 

6-43 

7-74 

9.28 

Ia6 

7 

13.0 

■4.3 

\ii 

18.1 

209 

23.S 

ISO 

6.59 

7-94 

I2.0 

13-3 

14.7 

18.7 

21.4 

14.1 
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Table  No.  86. — Weight  of  Cast-Iron  Cylinders. 

By  EXTEKNAL   DlAUETER.      I    FOOT  LOHG. 


Thick 

««,™ 

IHCH^ 

1 

H 

S/.fi 

H 

'A 

9l,6 

H 

a 

n 

> 

Its. 

tta. 

lU. 

its. 

lis. 

tb*. 

ii». 

It* 

Vat. 

ibi 

Vi 

^;i 

9.65 
"•5 

13.2 

'4-7 

T. 

1+6 
.7.6 

16.6 
20-3 

't. 

19.6 
2+5 

9.20 

II. 3 

'3-3 

•5-3 

17.2 

19.0 

30.7 

24.0 

16.9 

29s 

10.4 

11.9 

15.2 

'7.S 

19.6 

11.7 

23.8 

27-7 

3'-' 

3+4 

ti.7 

'4-4 

J  7.0 

19.6 

*4.5 

26.9 

3"-5 

35-4 

39-3 

119 

'5-9 

18.9 

21.8 

2+5 

27-3 

29.9 

35-2 

39-7 

44.2 

14- 1 

17-5 

20.7 

23.9 

27.0 

30.0 

330 

3»-9 

44.0 

49-1 

'53 

19.0 

22.5 

26.0 

29  5 

32-8 

361 

42.6 

48.3 

54-0 

16.6 

20.  s 

24.4 

23.2 

3'-9 

3S-6 

39' 

46.4 

52,6 

58-9 

17.8 

22  I 

16.1 

30.3 

3+4 

38.3 

42.2 

50-1 

l\\ 

63.8 

19.0 

33.6 

28.1 

32.5 

368 

41- ' 

r. 

53-8 

68.7 

»-3 

*s.i 

29.9 

34-6 

39  3 

43-8 

57-5 

%l 

»t 

ai.5 

26,7 

31.3 

36.  S 

41-7 

46.6 

Si-4 

6.-3 

22.7 

2S.2 

33-6 

3S.9 

49-4 

5+5 

%-° 

''V 

li:l 

23-9 

29,7 

35-4 

46]  6 

52.1 

57-5 

68,7 

78,4 

>      26.4 

31.8 

39-' 

454 

S'.5 

57.6 

63.7 

76.0 

87.0 

98.2 

2S.8 

35-9 

u& 

49-7 

S6-5 

63.2 

69.8 

83.4 

95-6 

10S.0 

3'-3 

33-8 

J8.9 

46- 5 

540 

61.4 

68.7 

75-9 

90.7 

.04.2 

117.8 

42.0 

SO,  J 

58.3 

66,3 

74.2 

82. 1 

98.0 

112-8 

127.6 

362 

*5-' 

53.8 

62,6 

71. 1 

79-7 

88.! 

105.4 

121. 3 

'37-4 

38-7 

4I1 

57-5 

66.9 

76.. 

£:i 

94-3 

1.2.7 

129-9 

'473 

41. 1 

51.1 

61.2 

71.1 

S:.o 

100. 5 

138.5 

157.1 

43-6 

54-3 

649 

75-4 

85.9 

,fd 

106.6 

127.4 

147.1 

166.9 

46.0 

57-3 

68.6 

79-7 

90,  S 

112.8 

'3+7 

'55-7 

'.tl 

48.  S 

60,4 

72-3 

84.0 

95-7 

107,3 

118.9 

143.0 

■64-3 

50.9 

63-5 

75-9 

88. 3 

100.6 

[.2.9 

125.0 

149.4 

172.9 

196.4 

53-4 

66.  s 

79-6 

.05.5 

1.8.4 

131.2 

1567 

iS.-S 

206.2 

558 

69.  S 

83-3 

96.9 

123.9 

'37-3 

16+0 

190,1 

2IS-0 

i^l 

7  J.  7 

87.0 

115  + 

129.4 

143-4 

i7'-4 

198-7 

225-8 

60.8 

?' 

90.7 

105.5 
109.8 

130.3 

'35-0 

149.6 

'll'' 

207.2 

235.6 

63-2 

M-3 

125,3 

140.5 

'55-7 

■86.. 

215.8 

245-4 

li:; 

3..9 

98.0 

1.4.1 

130.1 

146.0 

161.8 

193-4 

224.4 

255-3 

SS-o 

101.7 

1 18.4 

'35° 

15..S 

16S.0 

2oa7 

233-0 

265,. 

70,6 

88.0 

'OS.  4 

122.7 

'399 

157.0 

;&; 

208.1 

241.6 

274.9 

73.0 

91.1 

109. 1 

127.0 

144.8 

162.6 

2.5.4 

250.2 

284.7 

75- S 

94.2 

»3'3 

168. 1 

186,4 

222,7 

258.8 

29+5 

77-9 

97.1 

Hm 

'35.6 

173-6 

192.5 

230.1 

267-4 

304-3 

fA 

100.3 
103.4 

123.8 

139-9 

144.2 

i5'j.5 
104.5 

XJ 

.98.7 
204-8 

237.5 
244-8 

tl^6 

31+2 
324.0 

l\i 

106.4 

127-S 

'48.S 

1&9.4 

I9a2 

210.9 

252.2 

293' 

333.8 

109.  s 

>3'-2 

'52.7 

'7+3 

195. 7 

217.1 

259-5 

301.7 

343.6 

9^-7 

ns.6 

'38.  S 

16..3 

184-1 

206.8 

229.3 
24.-6 

274-3 

318-9 

363-2 

97-6 

121.8 

1459 

.69.9 

193-9 

117.8 

289.0 

336-' 

382.9 

;s:i 

127.9 

"S3.3 

'78.5 

s; 

228.8 

2539 

303-7 

353-3 

402.5 

137-' 

"64.3 

19..2 

245-4 

272.3 

325.8 

379.' 

2m 

117.2 

r46.3 

175-4 

203-8 

133-2 

262.0 

290.7 

347-9 

404-8 

124-6 

155.5 

186.4 

2.65 

247-9 

278.6 

309- ' 

370.0 

430-6 

490-9 

i3'-9 

164.7 

1^-5 

229.2 

262,6 

295-1 

3275 

3921 

T. 

520.3 
549-8 

>39-3 

1739 

241.8 

277,4 

31 '-7 

345.9 

414.2 

1^6.6 

.83.. 

219^ 

254.5 

292-1 

328.3 

364.3 

436-3 

507.9 

579-3 
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Table  No.  86  {continued), 
Bv  External  Diameter,    i  Foot  Long. 


Ext. 

Thickness  m  Inchbs. 

DiAM. 

1 

3/16 

X 

5/,6     ! 

H 

7/16 

% 

9/t6 

H 

H 

Ti 

ft.  in. 

cwts. 

cwts.    1 

CMTtS. 

cwts. 

cwts. 

cwt<. 

cwts. 

cwts. 

cwts. 

cwts. 

53 

1.03 
1.08 

1.44 

I.7I      1 

2.06 

2.39 

2.74 

3.08 

342 

4.09 

4.77 

56 

1.50 

1.80     1 

2.16 

2.50 

2.87 

3.22 

3.58 

4.29 

S.00 

59 

1. 13 

».55 

1.88  1 

2.26 

2.62 

3.00 

337 

3.75 

4.49 

n 

6o 

1. 15 

1. 61 

1.96  , 

2.36 

2.74 

3-14 

3.52 

3-9J[ 

4.69 

63 

1.23 

1.67 

2.05  , 

2.45 

2.85 

327 

3.66 

4.08 

4.88 

S«9 

66 

1.28 

>-73 

2.13 

2.55 

2.97 

3-40 

3.81 

4.24 

5.08 

0.15 

69 

1.33 

1.78 

2.21   1 

2.6s 

3^09 

3-53 

396 

4.41 

5.28 

70 

1.38 

1.84 

2.29    : 

2.75 

320 

3.66 

4.10 

4.57 

5-47 

6.^ 

76 

1.48 

1.95 

2.46 

2.95 

3-43 

392 

4.39 
4.69 

4.90 

1% 

6.84 

80 

1.58 

2.07 

2.62 

3.15 

367 

4.19 

523 

730 

Thick 

NBss  IN  Inchbs. 

^yi 

iX 

m 

I>^ 

^H 

2 
cwts. 

2^ 

2>^ 

»«: 

3 

3J 

inches. 

cwts. 

cwts. 

cwts. 

cwts. 

cwts. 

cwts. 

cwts. 

cwts. 

cwts. 

cw 

6 

.481 

.520 

.557 

.592 

.652 

.701 

.740 

.761 

6K 

.530 

.575 

.618 

.657 

.729 

.789 

.838 

.872 

.906 

7 

.579 

.630 

.678 

.723 

•^5 

.876 

.938 

.982 

1.03 

'•^5 

iy2 

.629 

.685 

.738 

.789 

.882 

.964 

1.04 

1.09 

I.I5 

1. 18 

8 

.678 

.740 

•799 

.855 

•959 

1.05 

I.I4 

1.20 

1.27 

1.32 

1.: 

8>^ 

.727 

•794 

.859 

.921 

1.04 

1. 14 

1.23 

I.3I 

139 

'•45 

I.' 

• 

9 

•777 

.849 

.919 

.986 

i.ii 

1.23 

1.33 

1.42 

1. 51 

1.58 

i.< 

9>^ 

.826 

.904 

.980 

1.05 

1. 19 

I.3I 

1.43 

».53 

1.63 

I.7I 

I.) 

10 

.875 

.959 

1.04 

1. 12 

1.27 

1.40 

'•53 

1.64 

1.75 

1.84 

i.< 

II 

.974 

1.07 

1. 16 

1.25 

1.42 

1.58 

1-73 

1.86 

1.99 

2.10 

2.: 

12 

1.07 

1. 18 

1.28 

138 

1-57 

1.75 

1.92 

2.08 

2.23 

2.37 

2.( 

13 

1. 17 

1.29 

1.40 

I.5I 

1-73 

'•93 

2.12 

2.30 

2.47 

2.63 

2.< 

14 

1.27 

1.40 

1.52 

1.64 

1.88 

2.10 

2.32 

2.52 

2.71 

2.89 

3. 

15 

1-37 

1. 51 

1.65 

1.78 

2.03 

2.28 

2.52 

2-74 

2.95 

3->6    3. 

16 

1.47 

1.62 

1-77 

I.9I 

2.19 

2.45 

2.71 

2.96 

3-19 

3.42  1  3. 

17 

1.57 

1.73 

1.89 

2.04 

2.34 

2.63 

2.91 

3^x8 

3-44 

3.68    4. 

18 

1.66 

1.84 

2.01 

2.17 

2.49 

2.81 

3." 

3.40 

3.68 

3-95    4- 

20 

1.86 

2.06 

2.25 

2.43 

2.80 

,  3- 16 

3.50 

3.83 

4.16 

4.47 

5. 

22 

2.06 

2.27 

2.49 

2.70 

3-" 

!  % 

390 

4.27 

4.64 

5.00 

§• 

24 

2.26 

2.49 

2.73 

2.96 

3.41 

4.29 

4^71 

5.12 

552 

6. 

27 

2-55 

2.82 

3-09 

3.35 

3.87 

4.38 

4.88 

5.37 

1-^5 

6.31 

7. 

30 

2.85 

3'S 

346 

375 

4.33 

4.91 

I'^l 

6.03 

6.57 

7.10 

8. 

33 

3- 14 

348 

3.82 

4.14 

4-79 

5.44 

^•?f 

6.68 

7.29 

7.89 

9- 

36 

3-44 

3.81 

4.18 

4-54 

5.25 

5.96 

6.66 

734 

8.01 

8.68 

9. 

39 

3-74 

4.14 

4^54 

4.93 

5-72 

6.49 

7.25 

8.00 

8.74 

9-47 

i< 

42 

4.03 

4-47 

4.90 

5-33 

6.18 

7.01 

7.84 

8.66 

9.46 

10.3 

i: 

45 

4.33 

4-79 

5.26 

5-72 

6.64 

Z-54 

8.43 

^•3' 

10.2 

II. I 

i: 

48 

4.62 

5.12 

5.62 

6.12 

7.10 

8.07 

9.02 

9.98 

10.9 

II. 8 

i; 

51 

4.92 

5-^5 

5.98 

6.51 

7.56 

8.59 

9.61 

10.6 

11.6 

12.6    I4 

54 

5.22 

578 

6.35 

6.91 

8.02 

9.12 

10.2 

"•3 

12.4 

134    I 

57 

551 

6.11 

6.71 

7.30 

8.48 

9.64 

10.8 

11.9 

'H 

14.2  1  i« 

60 

5.81 

6.44 

7.07 

7.70 

8.94 

:  10.2 

1 

11.4 

12.6 

13.8  15.0  I 

CAST-IRON   CYLINDERS. 

Table  No.  86  {continued). 
Bt  External  Diahbtek.     i  Foot  Long. 


Err. 

THicicnst  IN  Inchb.                                                  1 

tua. 

>>* 

-V 

■» 

■>i 

'X 

a 

"V 

»^ 

*H 

3 

3X 

4 

.>. 

am. 

CWW. 

cwu. 

CWB. 

e«ru. 

CWU 

cwu. 

cwu. 

cwu. 

"cwu. 

cwu. 

c«r 

\i 

6.IO 

6.77 

7-43 

S.09 

9.40 

10.7 

'3-3 

"4-5 

15.8 

18.3 

6.40 

7.09 

i- 

It! 

9.86 

ia.6 

'3-9 

152 

16.6 

i9 

6.70 

7-4* 

10.3 

ii!s 

>3-2 

14.6 

iS-9 

7.00 

7-75 

8.51 

9.27 

10.8 

12,3 

»3-8 

15.3 

i 

;l 

8.08 

8.88 

9.67 

M.2 

H.8 

14.4 

15.9 

8.41 

9. 24 

lai 

11.7 

'3-3 

14.9 

16.6 

9 

8.74 

9.60 

10.5 

'3.9 

'S-S 

17.3 

8.17 

9.07 

9.96 

10.9 

ia.6 

14.4 

16. 1 

17.9 

6 

8.77 

9.7a 

10.7 

1 1.6 

13.5 

'S-4 

"7.3 

19.3 

9.36 

10.4 

11.4 

14.  s 

.6.5 

18.S 

£1 

6 

9- 95 

13.1 

'5-4 

lU 

19.7 

o 

10.  s 

II. 7 

11.9 

14-0 

16.3 

23.1 

« 

II.  ■ 

>»-3 

'36 

.4.8 

i7.a 

19.6 

31. 0 

24.4 

11.7 

130 

14.3 

15-6 

ig.i 

10.7 

33.3 

as- 7 

6 

"2-3 

13.7 

15.0 

16.4 

19.1 

21.7 

34.4 

37.1 

0 

11.9 

14-3 

"S-7 

17.2 

22.8 

as.6 

38.4 

6 

>3-5 

15.0 

16.5 

V, 

10.9 

23-8 

26.7 

39.7 

14- 1 

Mi 

•Z? 

Z1.8 

24.9 

27.9 

3I.O 

\i\ 

1S.6 

W.3 

13-7 

27.0 

30-3 

33.6 

o 

18.3 

so.  I 

21.9 

25.  S 

29.1 

32.7 

3^3 

o 

\U 

19.6 

ai.s 

»3-S 

a7-3 

31-a 

3S-0 

38-9 

30,9 

23-0 

as.o 

29.2 

33-3 

37-4 

41.5 

24.4 

26.6 

31.0 

35-4 

39-8 

44.3 

io 

ai.a 

23-5 

15.9 

a8.a 

3*.9 

37.5 

42.2 

46.8 

14.8 

3:i 

a9.8 

34-7 

396 

44.5 

49-4 

ro 

236 

36.1 

31.4 

36.S 

4'-7 

46.9 

53.0 

i 

~ 



' 

as8 


WEIGHT  OF  METAIA 


Table  Na  87. — Volume  and  Weight  or  Cast-Irom  Balis. 
Given  the  Diameter. 


DiMieWr 

Conttnu. 

weight. 

Diimntr 

ConUDO. 

Weiihl. 

DiuKUr 

— 

»* 

bd».. 

cuWc 

pouiwU. 

;n=h«. 

ii!^ 

pOUKlt 

inch=. 

.^,- 

»» 

I 

■524 

.1,6 

8 

i68.r 

69.8 

19 

a.078 

«•« 

'Y. 

'■77 

.460 

8W 

3215 

83-7 

a.414 

9-7* 

2 

4.19 

^ai.7 

21 

a.8o6 

TI.1S 

'^ 

8.18 

213 

qW 

448.9 

1 16.9 

22 

3.227 

11.97 

U 

14.1 

3.68 

5-8s 

523.6 

136.4 

»3 

3.688 
4.. 88 

.4.81 
.6.8j 

4 

33-5 

8.73 

i.6a 

»5 

4.73' 

19.03 

4^ 

47.7 

rz.4 

12 

S24 

2. 10 

26 

5-327 

21.40 

5 

65.5 

17.0 

13 

666 

2.68 

27 

5963 

'\* 

SH 

87.1 

22.7 

14 

832 

3-34 

28 

6.651 

26.7. 

113. 1 

*9-5 

15 

1 

01,1 

4.11 

29 

7390 

29.6) 

bV, 

143-8 

37-S 

241 

4-99 

30 

8.J81 

32.87 

7 

1796 

46.8 

17 

r 

489 

S.98 

31 

9.027 

36-27 

7>4 

220,9 

57.5 

1767 

7.10 

32 

9.93'= 

39-90 

NvU. — To  find  the  weight  of  balls  of  other  metats,  multiply  the  wei 
table  by  the  following  mukipliers : — 

For  Wrought  Iron 1. 067,  making  about    7  per  ci 

Steel 1.088  „  9 

GunMetai 1.165  "•  i6>i 


Table  No.  88. — Diameter  of  Cast-Iron  Balls. 

Given  the  Weight. 


WrighL 

d™««. 

W,ighl. 

IW„.. 

weight 

d™«.«. 

WcighL 

Dbmettr. 

poundt 

inchH. 

pound.. 

inch« 

pounds. 

incho. 

Cw«. 

inclia. 

^ 

14 

4.68 

80 

8.37 

8 

18.73 

1.94 

16 

4.89 

90 

8.71 

9 

19.48 

a 

*.45 

509 

100 

9.02 

10 

20.17 

4 

3.08 

5.68 

cwts. 

■nchn. 

5 

3-32 

28 

590 

I^ 

16 

23.60 

6 

3-53 

30 

6.04 

11,80 

18 

24.54 

7 

3-72 

40 

20 

25.42 

.■i-«9 

5° 

7.16 

4 

14.87 

25 

27.38 

9 

56 

7-43 

5 

4.19 

60 

7.60 

6 

17.02 

35 

30.64 

12 

4-45 

70 

8.01 

7 

17.91 

40 

3203 

WEIGHT   OF   FLAT   BAR   STEEL. 
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Table  No.  89. — Weight  of  Flat  Bar  Steel. 

I  Foot  Long. 


/ 

Width  in  Inches. 

TncxxBss 

>^ 

H 

lbs. 

Ji 

I 

iX 

i>^ 

IH 

•     « 

lb. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

V 

.425 

.533 

.640 

•743 

.850 

1.06 

1.28 

1.49 

1      5/,« 

•53' 

.665 

.798 

.800 

.929 

1.06 

1.33 

'•59 

1.86 

H 

.638 

.960 

I. II 

i     1.28 

1.59 

1.91 

2.23 

;/i« 

.744 

.931 

1. 12 

1.30 

1.49 

1.86 

2.23 

2.60 

H 

.850  . 

1.06 

1.28 

1.49 

1.70 

2.13 

^•55 

2.98 

i/a 

1.20 

1.44 

1.67 

1. 91 

2.39 

2.87 

3.35 

H 

■'"■ 

L33 

1.60 

1.86 

2.12 

2.66 

319 

3.72 

r 

1.76 

2.04 

2.34 

2.92 

3.51 

4.09 

— 

— 

1.92 

2.23 

2.55 

319 

3-83 

4.46 

t 

— 

2.41 

2.76 

3-45 

4.14 

4.83 

2.60 

2.98 

3.72 

4.46 

5.21 

«5/rf 

"~~ 

— 

319 

398 

4.78 

5.58 

I 

'     3-40 

4.25 

5.10 

595 

Width  ii 

1  Inches. 

TncKXBSs. 

1 

2 

2X 

»>^ 

2H 

1 

3 

3J4 

3>^ 

4 

iashes. 

ib>. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

% 

1.70 

I.9I 

2.13 

2.34 

2.55 

2.76 

2.98 

340 

5/x6 

2.13 

2.J9 

2.87 

2.66 

2.92 

3J9 

3.45 

3-72 

4.25 

H 

^55 

3.19 

3.51 

3-83 

4.14 

4.46 

5- 10 

7/16 

2.98 

3-35 

372 

4.09 

4.46 

4.83 

5.21 

5-95 

Vi 

340 

383 

4.25 

4.68 

5.10 

5-53 

5-95 

6.80 

9/16 

3.83 

4-30 

4.78 

5.26 

5-74 

6.22 

6.69 

7.65 

% 

4.25 

4.78 

5-3' 

5.84 

6.38 

6.91 

7.44 
8.18 

8.50 

"/x6 

4.68 

5.26 

5.84 

6.43 

7.01 

7.60 

935 

1      M. 

5.10 

5-74 

6.38 

7.01 

7.65 

8.29 

8.93 

I0.2 

»3/i6 

5.53 

6.22 

6.91 

7.60 

8.29 

8.98 

9.67 

II. I 

Vi 

5.95 

6.69 

7-44 

8.18 

8.93 

9.67 

10.4 

11.9 

'5/,6 

6!8o 

7.17 

7.97 

8.77 

9.56 

10.4 

II. 2 

12.8 

I 

7.65 

8.50 

9.35 

10.2 

II. I 

11.9 

13.6 

Width  it< 

r  Inchbs. 

Thickness. 

4K 

5 

SM 

6 

6K 

7 

7K 

8 

iaches. 

Ita. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

% 

3.82 

4.26 

4.68 

5- '2 

5.52 

5.96 

6.38 

6.80 

5/16 

4.78 

532 

5.84 

6.38 

6.90 

7.44 

7.97 

8.50 

H 

5-74 

6.38 

7.02 

7.66 

8.28 

8.92 

9.56 

10.2 

llt6 

6.70 

7.44 

8.18 

8.92 

9.66 

10.4 

II. 2 

II.9 

% 

7.66 
8.60 

8.50 

936 

10.2 

II. I 

II.9 

12.8 

13.6 

9/16 

9.56 

10. 5 

II.5 

12.4 

134 

14.3 

153 

« 

9.56 

10.6 

11.7 

12.8 

13.8 

14.9 

15.9 

17.0 

"U 

10.5 

11.7 

12.9 

14.0 

'5? 

16.4 

17.5 

18.7 

H 

11.5 

12.8 

14.0 

\u 

16.6 

179 

19. 1 

20.4 

«3/i6 

12.4 

13-8 

15.2 

18.0 

'9-3 

20.7 

22.2 

» 

13.4 

14-9 

16.4 

17.9 

19.4 

20.8 

22.3 

23.8 

nftt 

14-3 

15.9 

^2*5 

19. 1 

20.8 

22.4 

23.9 

25.6 

•  1 

'53 

17.0 

18.7 

20.4 

22.1 

23.8 

25.5 

27.2 

WEIGHT  OF  METALS. 

Table  Na  90. — Weight  of  Square  S 
I  Foot  in  Length. 


Si«. 

W«ghl. 

SiK. 

Weight. 

Sin. 

W«ghL 

Si«. 

«<#«■ 

bcha. 

iiKhei. 

iaeha. 

bdH. 

I 

.053 

■v.. 

I 

3.06 

3-40 

■« 
I'>/.« 

10.4 

It.Z 

1% 

Sf^ 

X 

!■/.« 

3.S3 

■?» 

1 1.9 

3H 

«I3 

v.< 

•X 

I'V.. 

4 

SM     . 

» 

.478 

."/,. 

4-79 

•3.' 

4X 

«>., 

'As 

.651 

■« 

S-3I 

">t 

154 

4>« 

61, 

a 

.850 

I      ','16 

5.86 

'% 

17.! 

4« 

76.1 

•/.. 

1.08 

.« 

6.43 

a« 

19.3 

5 

85.0 

X 

1-33 

1'/.. 

703 

=  >^ 

93.7 

■v.. 

1.61 

.M 

7.6S 

>»« 

"3-5 

5>< 

103.8 

H 

1.9a 

!•/.« 

8.3» 

2^ 

=5.7 

iVt 

na.4 

•'U 

a.  24 

.» 

8.,8 

lii 

iZ.i 

IJM 

n 

2.6o 

9-79 

3 

30.6 

Table  No.  91, — Weight  of  Round  Steel. 
I  Foot  in  Length. 


„-.„. 

Weighi. 

Duxncter. 

Weight. 

Dinmewr 

wdgh.. 

r^« 

WrigSt 

inchu. 

pounds 

iBchn. 

[•unds. 

inchu. 

pounds 

incba. 

™t* 

X 

.0417 

1  V16 

S.18 

4 

41.7 

13 

3-433 

•A. 

.0939 

'H 

6.01 

4X 

48.3 

"^ 

3-7»9 

t 

.167 

■  •A. 

6.53 

iH 

54-6 

"3 

4.019 

.360 

>H, 

7.0s 

4K 

C0.3 

13>S 

4.34s 

X 

.375 

."A. 

7.6. 

S 

66.8 

■4 

4.681 

'/.. 

■  Sii 

'V. 

8.18 

iV, 

73.6 

14K 

S-CI3 

a 

.667 

.■v.. 

8.77 

lY. 

80.S 

•5 

5-364 

•/.« 

.84s 

■;< 

9.3S 

W-. 

88.3 

|SJ^ 

5-738 

t 

1.04 

i»A. 

10,0 

6 

96.. 

i6j4 

6.103 

1.37 

10.7 

6.471 

% 

1.50 

2X 

ly. 

cwu. 

17 

6.868 

"U 

..76 

"X 

■3^6 

1.007 
1. 168 

'7;4 

7.302 

H 

2.04 

"H 

15.' 

I- 

18 

7.734 

»A. 

>.3S 

">« 

,6.7 

I.34I 
i.5»6 

19 

8.607 

I 

3.67 

M 

.8.4 

8J4 

1.723 

30 

9-537 

I'/.. 

3.00 

'H 

9 

•■93" 

10.52 

■X 

3.38 

3^ 

33.0 

9H 

3.152 

za 

j'-54 

3.76 

3 

34.1 

>-385 

=3 

■>< 

4.17 

3X 

38.3 

io>^ 

2.629 

24 

13-73 

I  v.. 

4.60 

M 

33.7 
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■»s 

S.oS 

iH 

34.3 
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f  Tible  Na  91.— Weight  of  Chisel  Steel — Hexagonal,  Octagonal, 
AND  Oval-Flat. 


1 

1  Fooi 

IN  LXSGTH, 

1 

■  TT*' 

U°ith 

LcaElH 

1 

StcwBlAn. 

Wofbt. 

S«tioiulA«a. 
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'^ 

•quniDCls. 

po-ad^ 

f«L 

iqiun  la^ba. 
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f«L 

M 
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.1164 

■396 
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« 

.ai6s 

■736 
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.2070 

.704 

'5J 

M 

■3383 

1.15 

88., 

.3^36 

06.S 

i 

.4871 

61.3 

■4IJS9 

".58 

67 

.6631 

3.aS 

45 

.6342 

49.5 

I 

.8661 

>-94 

34-5 
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J.82 

37-7 

iH 
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3-73 

17-3 
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3-56 

30 

^H 
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4.60 

22.$ 
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24 

'JS 

1637 

S-S7 

18.  T 

1.566 

5-3* 

30 

'Ji 
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6.63 
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acL   iadL 

Ovai,Flat  Sktiob. 

KxH 
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■853 
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.    ^14 

-4463 

1.52 

67 

'J(-'H 

.6974 

'■37 

43 

Table  No.  93. — Weight  of  one  Square  Foot  of  Sheet  Copper. 

To  Wire-Gauge  employed  by  Williams,  Foster,  &  Co. 

Spedlic  Weight  taken  as  t.i6  (Specific  Weight  of  Wrought  Iron  =  i). 


Wiighlof 

Win- 

Inth 

wire- 

poundi. 

l»PproiU 

No. 

No. 

No. 

I 

.306 

14.0 

II 

.123 

S-6S 

21 

■0338 

•  ss 

'       2 

.284 

130 

.109 

5-00 

.0295 

«-3S 

3 

.363 

13 

.0983 

45° 

23 

.0251 

1-15 

4 

.240 

II.O 

14 

4.00 

24 

.0218 

5 

.222 

10.15 

IS 
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3-50 

25 

.0194 

.89 

6 

.303 
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16 
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26 
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7 

.1S6 

8.S0 

17 

.0568 

2,6o 

27 

8 

.168 

7.70 

iS 

.0491 

2.2$ 

28 

■013s 

.62 

9 

■153 

19 

■0437 

29 

■SO 

..38 

6.30 

.0382 

'■75 

30 

.0110 

.50 
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Table  No.  94. — ^Weight  of  Copper  Pipes  and  Cylinders, 

BY  Internal  Diameter. 

Length,  i  Foot.     Thickness  by  Holtzapffel's  Wire-Gauge  (Table  No.  13). 
Specific  Weight  =  1. 16  (Specific  Weight  of  Wrought-Iron=  I). 


Thick- 
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x/ 
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1 

1 

DiAM. 

lbs. 
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Iba. 

lbs. 
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lbs. 

Ibt. 
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% 

314 

2.84 

2.33 

1.92 

1-53 

;  1.41 

1. 21 

1.05 

.934 

.809 

.667 

K 

3.84 

3.49 

2.91 

2.44 

1.99 

1.84 

1.60 

I.4I 

1.27 

1. 12 

941 

H 

4.54 

^•^} 

3-49 

2.95 

2.45 

2.27 

2.00 

1-77 

1.60 

».43 

1. 21 

}i 

523 

4.78 

4.06 

3-47 

2.91 

1  2.71 

2.39 

2.13 

1.93 

1.73 

1.49 

^ 

5.93 

5.42 

4.64 

3-99 

3.37 

3.14 

2.78 

2.50 

2.26 

2.04 

1.76 

^ 

6.63 

6.07 

5.22 

4.50 

3.83 

3.57 

3.17 

2.86 

2.60 

2.3s 

2.03 

H 

7.32 

6.71 

5-79 

5.02 

4.29 

4.00 

3-57 

3.22 

2.93 

2.66 

^3i 

I 

8.02 

7.36 

6.37 

553 

4-74 

4.43 

396 

3.57 

3.26 

2.97 

2.58 

I'A 

8.71 

8.00 

6.95 

6.05 

5.20 

4.86 

4.35 

3.94 

3.60 

3.28 

2.85 

'^ 

9.40 

8.65 

7.52 

6.57 

5.65 

5.29 

4.75 

4.30 

3.93 

ti 

3.13 

iH 

10. 1 

9.30 

8.10 

7.08 

6. 1 1 

5.72 

5H 

4.66 

4.26 

3-40 

t'A 

10.8 

9.94 

8.68 

7.60 

6.57 

6.16 

5-53 

5.02 

4.60 

4.20 

3.68 

iH 

ii.S 

10.6 

9.26 

8.12 

7.02 

6.59 

5-93 

5.39 

4.93 

4.82 

3.95 

^H 

12.1 

II. 2 

9.83 

8.63 

7.48 

7.02 

6.32 

5-75 

5.27 

4.22 

1% 

12.8 

II. 9 

10.4 

HI 

7.93 

7.45 

6.71 

6.  II 

5.60 

S.12 

4.50 

2 

13.5 

12.5 

II. 0 

9.66 

8.39 

7.88 

7.11 

6.47 

5-93 

5-43 

4.77 

^'6 

14.2 

132 

II. 6 

10.2 

8.84 

8.31 

7-5° 

6.83 

6.27 

5. 74 

5.04 

2J4 

14.9 

13.8 

12.1 

10.7 

930 

i  8.74 

7.89 

7.19 

6.60 

6.05 

5-3« 

2H 

15.6 

14.5 

12.7 

II. 2 

975 

1  9.17 

8.29 

7.56- 

6.94 

6.36 

i& 

2H 

16.3 

15.1 

»3-3 

11.7 

10.2 

'  9.60 

1 

8.68 

7.92 

7.27 

6.67 

2H 

17.0 

15.8 

139 

12.2 

10.7 

1 

lO.O 

9.07 

8.28 

7.60 

6.97 

6.14 

2H 

17.7 

16.4 

14. 5 

12.8 

II. I 

10.5 

9.47 

8.64 

7.94 

7.28 

6.41 

2H 

18.4 

17. 1 

15.0 

'3-3 

11.57 

10.9 

9.86 

9.00 

8.27 

7-59 

6.68 

3 

19. 1 

17.7 

15.6 

13-8 

12.0 

"3 

10.3 

9.36 

8.61 

7.90 

6.95 

3V 

20.4 

19.0 

16.8 

14.8 

12.9 

1 
12.2 

1 1. 1 

10. 1 

9.27 

8.52 

7.50 

3)4 

21.8 

20.3 

17.9 

15.9 

'3-2 

1   13- 1 

II. 8 

10.8 

9.94 

9.13 

8.04 

3H 

23.2 

21.6 

19. 1 

16.9 

14.8 

;  '3-2 

12.6 

"5 

10.6 

9.75 

8.59 

4 

24.6 

22.9 

20.2 

'79 

157 

>  14.8 

13.4 

12.3 

"•3 

10.4 

9.13 

4X 

25.9 

24.2 

21.4 

19.0 

16.6 

156 

14.2 

130 

12.0 

Il.O 

9.67 

4K 

273 

25.4 

22.5 

20.0 

'Z-5 

16.5 

15.0 

13.7 

12.7 

II. 6 

10.2 

4H 

28.7 

26.7 

237 

21.0 

18.4 

17.4 

15.8 

14.4 

13.3 

12.2 

10.8 

5 

30.1 

28.0 

24.8 

22.1 

19.3 

18.2 

16.6 

15.1 

14.0 

12.8 

"3 

^K 

3^-5 

293 

26.0 

23.1 

20.2 

19. 1 

17.3 

'§•§ 

14.6 

13.5 

11.9 

s^i 

32.8 

306 

27.1 

24.1 

21. 1 

20.0 

18. 1 

16.6 

15.3 

14.1 

12.4 

sH 

34.2 

31-9 

28.3 

25.2 

22.1 

20.8 

18.9 

»7.3 

16.0 

14.7 

12.9 

6 

35-6 

33-2 

29.5 

26.2 

23.0 

21.7 

19.7 

18.0 

16.6 

15.3 

«3.S 
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Table  No  94  {.vritriuc\i ). 

Length,  i  Foot.     Thickness  by  Holtzapffel*s  Wire- Gauge  (Table  No.  13). 
.    Spedfic  Weight  =  1. 16  (Specific  Weight  of  Wrought  Iron=  i). 
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1.62 
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4.09 


2.94 
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7.46 
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8.85 
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1 1.9 
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7.91 
8.56 

8.81 

9.26 
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ii.i 
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^  2.26 
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3-28 
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4.91 

S.11 
5-52 
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3.82 
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I 
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7. 10  i  6.43 
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2.63 
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2.96 

3^12 

3-29 
3-45 
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3-95 
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.398  j  .336 
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1.12 

1.26 

1.41 
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1.84 

1-99 

2.13 
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2.42 

2.56 
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3-14 
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3-57 

3.86 
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4.44 
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.714 

.840 
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1.09 
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1.34 
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1.85 
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2.23 

2.35 
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2.60 

2.73 
2.86 
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3.11 

3.36 
3.61 

387 
4.12 


.173  .150  .129 

.282  .249  .217 
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.828  .743 
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6.75 

7.04 


Id 
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4.88 

;509. 
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4.00 
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1.54  1.29 
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2.51 
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3.92 
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3.60 
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.978 
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1.49 
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2.96 
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1.29 
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Table  No.  94 

(cotiiinued). 

1 

Length,  i  Foot,     Thickness 

by  Holtupffel 

E  WirG-Csuge  (Table  No.  13).         V 

Spedfic 

Weight 

=  1.16 

Spedfi 

Weight  of  Wroughl. 
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5 
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f 

w"g. 
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Vd 
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H* 

7 
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JM 
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8 

46.6 
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34-5 
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26.0 

23.8 
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ma 
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9 
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38.6 

33-9 
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29.1 
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24_6 
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47.9 
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3S-5 
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» 

12 
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57-2 
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42.4 
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32-7 
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U 

74.2 

69.3 

61.8 

55- ' 

48.5 

45.8 

41-7 

IJ 
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32.6 

28.8 

«4 

79.7 
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66.4 
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44.9 
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31.0 

15 
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37-6 

33-2 

i6 
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46.9 
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«7 
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63.0 
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46.0 
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i3 

loi.S 
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57-4 
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45-0 
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19 
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80.1 
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66-5 

60.6 

55-6 
58.5 
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47-4 

41-9 
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74-0 

70.0 
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49-9 
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21 
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77.6 
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*S-3 
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81-3 
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S4-9 
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'3 
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96,6 

84.9 
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59.8 

5M 

24 

126!  1 
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100.6 

88.6 
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64.7 

5*9 

a6 
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108.S 
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m 
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IS 

i8 
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103,1 
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89.0 

es 

69.7 

30 

168.4 
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125.4 

104-S 

95-3 

87.S 

74-6 

66.0 

3* 
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167.4 
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133-6 

117-7 

101.6 

93-3 

86.2 
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70-4 

34 
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177.7 

141.9 

12S-0 

nM 

107.9 

99.1 
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74-7 

36 

ioi.g 

ISS.D 
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79-1 
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Table  Na  94  (anUintudy 

GTH,  1  Foot.     Huckness  by  HollxapfiePs  Wire-Gaogc  (Table  No.  13). 
Specific  We^= 1. 16  (Specific  Weight  of  Wrought  Iron=  i). 
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I3.S 
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21.8 

23.6 
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.120 


965 
10.4 
II. I 
11.8 

13-3 
148 

16.2 

»7.7 

19. 1 
20.6 
22.1 

23.S 

25.0 
26.4 
27.9 

29.3 

3a8 

32.3 
337 
35-2 

38.1 
41.0 

43-9 
46.8 

49.8 

52.7 


xa 


.109 

7/64 


lbs. 

8.75 

9.42 

IO.I 
10.741 

12. 1 

13.4 

14.7 
16.0 

17.4 
18.7 

20.0 
21.3 

22.7 
24.0 

253 
26.6 

27.9 

29.3 
30.6 

31.9 

34-6 

37.2 

39.9 
42.5 

45- 1 
47.8 


13 

14 

1 

15 

1 

x6 
.065 

17 

x8 

19 

90 

•"^^^ 

.083    .072 

.058 

.049 

.042 

.035 

3/3^/];  5/6i/ 

5/d4^ 

lbs. 

lbs. 

3/di/ 
lbs. 

3/64* 
lbs. 

V3^ 

Ifa«. 

lbs. 

lbs. 

lbs. 

7.61 

6.64 

575 

5- "2 

462 

390 

3.34 

280 

8.19 

7.14 

6.19 

5.58 

497 

420 

3.60  i  3.01 

8.77 

7.6s 

5:^ 

5.98 

5-33 

449 

3.85  1  3.23 

9.34 

8.  IS 

6.37 

5.68 

479 

410  1  3-43 

10.5 

916 

7-94 

7.16 

6.38 

S.39 

461    386 

Vd 

10.2 

8.81 

7.95 

7.08 

5-98 

5.12 

428 

II. 2 

9.69 

8.74 

7.79 

6.58 

5.63 '470 

140 

12.2 

10.6 

9.53 

8.49 

7.18 

6.14    5.13 

15.1 

13.2 

1 1.4 

"X3 

9.20 

7.77 

6.65 

1:11 

16.3 

14.2    12.3 

II. I 

9.90 

8.37 

7.16 

17.4 

15.2    13.2 

11.9 

10.6 

8.96 

7.67 

6.40 

18.6 

16.2 

141 

12.7 

i'.3 

956 

8.18 

6.82 

197 

17,2    149 

13.5 

12.1 

10.2 

8.69    7.27 

20.9 

18.2  j  15.8 

143 

12.7 

10.7 

920  I  7.69 

22.0 

192    16.7 

15.1 

>34 

"•3 

9.71     :    8.12 

23.2 

20.2    17.6 

15-9 

141 

II. 9 

10.2    1    8.54 

243 

21,3    18.4 

16.6 

148 

12.5 

10.7 

8.96 

25.5 

22.3  i  193 

17.4 

"5.5 

13 1 

II. 2 

9.39 

26.7 

23.3    20.2 

18.2 

16.2 

13-7 

II.8 

9.81 

27.8 

243  :2I.I 

19.0 

16.9 

143 

12.3 

ia2 

30.1 

26.3 

22.8 

20.6 

18.4 

15.5 

13.3 

II. I 

32.4 

28.3 

24.6 

22.2 

19.8 

16.7 

143 

11.9 

347 

30.3 

26.3 

23-7 

21.2 

17.9 

153 

12.8 

37.0 

32.3 

28.1 

25.3 

22.6 

19. 1 

16.3 

13.6 

39.4 

34.4 

29.8    26.9  1 

240 

20.3 

174 

'45 

41.7 

36.4 

31.6 

28.5 

254 

21.5 

18.4 

15.3 
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WEIGHT  OF  METALS. 


Table  No.  95. — ^Weight  of  Brass  Tubes, 

BY  External  Diameter. 

Length,  i  Foot.     Thickness  by  Holtzapffers  Wire-Gauge  (Table  Na  13). 

Specific  Weight  =  1.1 1  (Specific  Weight  of  Wrought  Iroa=i). 


Thick- 

ness. 
W.  G. 

15 

z6 

17 

.058 

z8 

19 

20 

2Z 

22 

23 

24 

4 

Inch. 

.072 

.065 

.049 

.042 

•035 

.032 

.028 

.025 

.022 

M 

5/64^    V»6/ 

V»6  ^. 

3/64/ 

3/64  ^. 

V3a/ 

Via 

1/38^. 

x.6/6^ 

1.4/64 

^ 

DiAM. 

inches. 

lbs. 

lbs. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

tb. 

• 

^ 

.037 

.035 

.031 

.029 

.026 

M 

3/16 

.087 

.079 

.072 

.062 

!o8i 

.052 

.047 

.042 

A 

% 

.130 

.115 

.102 

.088 

.072 

•°S^ 

.058 

•q 

5/16 

.201 

.187 

.172 

.150 

•132 

"3 

.104 

.092 

.083 

.074 

jon 

yi 

.255 

.234 

.214 

.186 

.163 

.138 

.128 

.113 

.102 

.090 

M 

7/x6 

.306 

.281 

.256 

.221 

.193 

.164 

.151 

.'33 

.120 

.106 

.0 

^ 

.358 

.329 

.298 

.257 

.224 

.189 

.174 

.'54 

.138 

.122 

.1: 

9/16 

.411 

.376 

.340 

.293 

.254 

.215 

.197 

.'74 

.156 

.138 

.|i 

K 

.463 

.423 

.382 

.328 

.285 

.240 

.221 

.'94 

.'74 

.'54 

.L 

"/16 

•515 

.470 

.424 

.364 

.315 

.265 

.244 

.215 

.192 

.170 
.186 

I! 

H 

.567 

.517 

.467 

.399 

.346 

.291 

.267 

.235 

.211 

.1; 

'3/16 

.620 

.564 

.509 

•435 

.376 

.3»6 

.290 

.255 

.229 

.202 

.1) 

'^ 

.672 

.611 

•551 

.471 

.407 

.342 

.314 

.276 

.247 

.218 

'V 

>5/i6 

.724 

.658 

.593 

.506 

.437 

.367 

.337 

.296 

.265 

.234 

.2 

I 

.777 

.706 

.635 

.542 

.468 

•393 

.360 

.3'6 

.283 

.250 

.2: 

^yi 

.881 

.801 

.719 

.613 

.529 

•443 

.407 

.357 

.320 

.282     .a; 

1% 

.986 

.896 

.804 

.684 

.590 

.494 

•453 

.398 

.356 

.3'4     .* 

iH 

1.09 

.991 

.888 

.755 

.651 

.545 

.500 

.439 

.392 

.346  !  .3 

i>i 

1.20 

1.09 

.972 

.827 

.712 

.596 

.546 

.479 

.429 

.378     .3 

W.  G. 

9 

zo 

zz 

Z2 

1 
13 

14 

15 

z6 

17 

z8 

I 

Inch. 

.148 

.»34 

.120 

.109 

.095 

.083 

.072 

.065 

.058 

.049 

.0 

9/64/ 
lbs. 

9/64^. 

>i^. 

7/64 

3/32/ 

5/64/ 

5/64  d. 

V16/ 

x/i6  d. 

3/64/ 

3/e 

DiAM. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

n 

inches. 

^% 

1.90 

1.74 

1.58 

1.45 

1.28 

I.I3 

.986 

.896 

.804 

.684 

•5 

»H 

2.11 

1.93 

1.76 

1.60 

I.4I 

1.25 

•99' 

.991 

.888 

•Z55 

.6 

lyi 

2.33 

2- 13 

1.94 

1.76 

1-55 

'37 

1.20 

1.09 

•972 

.827 

.7 

iH 

2-54 

2.32 

2.12 

1.92 

1.69 

1.49 

'•30 

1.18 

1.06 

.898 

.7 

i^ 

2.76 

2.52 

2.30 

2.08 

1-83 

1.61 

1.40 

1.28 

1.14 

.969 

.? 

1^ 

2.97 

2.71 

2.47 

2.24 

1.97 

^'P 

1.51 

'•37 

'•23 

1.04 

.i 

2 

3.19 

2.91 

2.65 

2.39 

2.10 

1.85 

1.61 

'•47 

'3' 

I. II 

.s 

2>i 

340 

3.10 

2.83 

2.55 

2.24 

1-97 

1.72 

1.56 

'•39 

1.18 

I. 

2^ 

3.62 

330 

3.01 

2.71 

2.38 

2.09 

1.82 

1.66 

1.48 

1.25 

I. 

2^ 

3.83 

3-49 

319 

2.86 

2.52 

2.21 

'•93 

'•Z5 

1.56 

'•33 

I 

2'A 

4.04 

369 

3-37 

3.02 

2.66 

2.33 

2.03 

1.85 

1.65 

1.40 

I 

WEIGHT  OF  BRASS  TUBES. 

Table  No.  95  {amtinutd). 

Length.  I  Foot.     Thickness  b^  HolUapffd's  Wire-Gai^  (Table  No.  13). 

Spcdfic  \Ve%fat=  l.ti  (Spedec  Weight  of  Wrought  lron=  1). 


■ex 

ri 

3 

4 

3 

6 

7 

B 

9 

10 

13 

«3 

-*» 

■aj8 

.320 

.203 

.iSo 

.165 

.148 

-134 

120 

.109 

■095 

la. 

X/ 

■s/n/ 

r/y./. 

•V6« 

3A«i. 

../&,*. 

9/6./ 

■>/***■ 

Ji*. 

7/64 

3/j. 

z. 

n» 

lU. 

Uo. 

n^ 

Ito. 

Its. 

Ita, 

lu. 

lbs. 

IbL 

Ita. 

5*4 

4.87 

til 

4.14 

3.80 

352 

3- "9 

1.91 

2.6s 

'■39 

2.  to 

a 

5.6a 

5" 

te 

4.07 

376 

3-40 

3'o 

2.83 

255 

1,24 

a 

S-99 
6-37 

S-S7 

5 '9 

4-33 

4.00 

3.62 

3-30 

3-01 

2.71 

2.38 

H 

S-91 

s-S' 

S'3 

Ws 

4*4 

3-83 

349 

3-19 

2.86 

m 

)i 

6-7S 

6.J6 

S-83 

S.43 

4.48 

4.04 

3-69 

3-37 

301 

H 

7.1a 

6.60 

f* 

572 

S-" 

4-72 

4.26 

3.88 

3-55 

3.8 

Z.79 

a 

?:i 

6.9S 

6.47 

S.38 

4-96 

4-47 

4.07 

373 

3-34 

2-93 

H 

7-30 

6-79 

6:31 

5.6+ 

5-20 

4.69 

4-27 

3-9  r 

350 

3-07 

8.15 

7.64 

7.11 

6.60 

590 

544 

4.90 

4.46 

4.09 

3.66 

3^1 

if 

9.01 

8.33 

7- 75 
8-39 

i'^ 

6.43 

5,92 

6-40 

S.49 

4.8s 

tu 

398 

348 

a 

9.76 

9.0a 

6. 95 

6.07 

5-24 

tfr 

376 

x 

10.5 

9.72 

9.03 

8.37 

7-47 

6-88 

6.65 

563 

5.13 

4.04 

"■3 

10.4 

9.67 

8.96 

8.00 

7.36 

7.24 

6.02 

546 

4-93 

4-3' 

v 

12.0 

II  I 

10.3 

9-SS 

8.52 

& 

7.82 
8.41 

t& 

!.l!o 

5.15 

ti? 

a 

11.8 

II.8 

10.9 

9.04 

6.15 

li 

■a 

»3S 

"■5 

1 1.6 

laV 

956 

8.79 

8.99 

7.19 

6.4 

5- '4 

•4-3 

■3- a 

12.2 

"■3 

9.27 

9-57 

758 

6.83 

5-4> 

V 

15.0 

«3-9 

ia.9 

11.9 

ia6 

9-75 

10.2 

i$ 

7-17 

t% 

S.69 

a 

:« 

14.6 

'35 

11.S 

10.7 

i 

597 
5.2s 

H 

iS-3 

14.1 

»3' 

II. 7 

10.7 

"3 

8.75 

7-15 

'73 

'S-9 

14-8 

13-7 

IJ.2 

11,2 

11.9 

9.14 

7.46 

6.52 

26S 


WEIGHT  OF  METALS. 


Table  No.  96.— Weight  of  One  Square  Foot  of  Sheet 

Thickness  by  Holtzapffell*s  Wire-Gauge  (Table  No.  13). 


Weight  of 

Weight  of 

Thickness. 

t  Square 

Thickness. 

1  Square 

Thickness. 

Foot. 

Foot, 

No.W.G. 

inch. 

pounds,     j 

NaW.G. 

inch. 

pounds. 

N0.W.G 

inch. 

3 

•259 

10.9      , 

II 

.120 

S-05 

19 

.042 

4 

.238 

lO.O 

12 

.109 

4-59 

20 

'O35 

5 

.220 

9.26       ! 

13 

•09s 

4.00 

21 

.032 

6 

.203 

8.55 

14 

.083 

3-49 

22 

.028 

7 

.180 

7.58 

IS 

.072 

3-03 

23 

.025 

8 

.165 

6.9s 

16 

.065 

2.74 

24 

.022 

9 

.148 

6.23 

17 

.058 

2.44 

25 

.020 

lO 

.134 

564 

18 

.049 

2.06 

Table  97. — Size  and  Weight  of  Tin  Plates. 


Mark. 

Size  of  Sheets. 

Number 
of  Sheets 
in  a  Box. 

Weight 
per  Box. 

IC 

IX 

IXX 

IXXX 

IXXXX 

inches,    inches. 
14   X    10 

»            »> 
a            » 

sheets. 
225 

i> 

» 
>> 

pounds. 
112 
140 
161 
182 
203 

SDC 
SDX 
SDXX 
SDXXX 

S  D  XXXX  1 

1 

15    X    II 
if             it 

»>                  9> 
»>                  99 

200 

168 
189 
210 

231 

252 

DC 

DX 

DXX 

DXXX 

DXXXX 

17    '<    12^ 

100 

98 
126 

147 
168 

169 

WEIGHT  OF  TIN  AND  LEAD  PIPES. 
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Table  No.  98. — ^Weight  of  Tin  Pipes. 

As  maimfactmed. 


I   FOOT  IN  LENGTH. 


^^i>         _    ■  ^  ■ 

TincKiiB& 

IXameter 
Exteniallj. 

Thicknbss. 

3/33*  indi. 

Hindi- 

J^inch. 

T 

I 

'^ 

2 

lbs. 
.148 

.3«4 
.620 

.856 

1.095 

1.328 

1.564 
1.802 

lbs. 

.472 

.787 

1.103 

I.417 

1732 
2.047 

2.362 

inches. 

k 

1 

lbs. 

5.04 

5.67 
6.30 

6.93 
7.56 
8.19 

Table  No.  99. — Weight  of  Lead  Pipes. 

As  manufactured. 


Length. 

Weight  and  Thicknbss  or  PifB. 

■ 

Weight. 

Calci>- 

lated 

Thick. 

WdghL 

Calcu- 
lated 
Thick- 

Weight. 

Caku- 

lated 

Thick- 

Weight. 

Caloi- 

lated 

Thick- 

neas. 

ness. 

1 

ness. 

ness. 

s.;    feeL 

n». 

inch. 

lbs. 

inch. 

lbs. 

inch. 

lbs. 

inch. 

15 

14 

.097 

16 

.112 

18 

.124 

22 

.146      { 

99 

17 

.101 

21 

.121 

30 

.140 

99 

24 
36 

.112 
.136 

28 

42 

.147      I 
•156 

32 
56 

.181 
.200 

36 
64 

•215  ; 
.225  ; 

'.     12 

91 

36 
48 

72 

.139 
.156 

.178 

42 
56 
72 

.      84 

1 

.160 
.179 
.199 

.204 

48 

72 
84 
96 

.180 
.224 
.228 

.231 

52 

84 

96 

112 

•193 

•257 
.256 

.266 

10 

:  84 

.200 

96 

.227 

1X2 

.261 

W 

1X2 

.2X8 

140 

•275 

>» 

130 

.225 

160 

.273 

»> 

170 

•257 

220 

.327 

99 

1 

1 

■ 

170 

.232 

1 

220 

•295 

V.6ir 

ich  thi< 

ck.     W< 

sight  pel 

•  lineal  f 

bot 

22.04  lbs. 

9f 

■■     23.25   „ 

9f 

99 

24.J 

1^  .. 

'C  ( 

36   „ 

•  •  •  •      -  J.' 

.rvf        fj 
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Table  No.   100. — Dimensions  and  Weight  of  Sheet  Zinc 

( VielU'Mantagne^ 


No 

! 

1 
t 

SiZBS  OP 

Shbbts. 

a.oX.50 

metres: 

1 

!     3.0  X. 65 

metres: 

3.0  X.  80  metres:    I 

1 

1 

area,  x  square  metre. 

area,  1.3  sq.  metres. 

area,  x.6  sq.  metres. 

f 

1 

'  6. 56  X 1 .  64  feet :  area, 

6.56X8.13 

feet:  area, 

656  Xa.63  feet:  area. 

1     10.76  square  feet 

!    13.99  square  feet. 

i 

i7.aa  square  feet    [ 

No. 

1     mm. 

inch. 

kils. 

lbs. 

kils. 

lbs. 

kils. 

lbs. 

9 

1      .41 

.0161 

2.90 

6.39 

3.70 

8.16 

4.6 

10.14 

10 

.51 

.0201 

3.45 

7.61 

•      4.45 

9.81 

5.5 

12.12 

II 

.60 

.0236 

4.05 

8.93 

5.30 

11.68 

6.5 

14.33 

12 

.69 

.0272 

4.65 

10.25 

6.10 

13.45 

7.5 

16.53 

13 

.78 

.0307 

5.30 

11.68 

6.90 

15.21 

8.5 

18.74 

] 

14 

.87 

•0343 

5.95 

13.12 

7.70 

16.94 

9-5 

20.94 

1 

15 

.96 

.0378 

!  6.55 

14.44 

8.55 

18.85 

10.5 

23.15 

1 

16 

1. 10 

.0433 

7.50 

16.53 

9-75 

21.50 

12.0 

26.46 

1 

17 

1.23 

.0485 

8.45 

18.63 

10.95 

24.14 

13.5 

29.97 

1 

18 

1.36 

.0536 

9-35 

20.61 

12.20 

26.90 

15.0 

33.07 

1 

19 

1.48 

.0583 

10.30 

22.71 

13.40 

29.54 

16.5 

36.38 

t 
i 

20 

1.66 

.0654 

11.25 

24.80 

14.60 

32.19 

18.0 

39.68 

4 
4 

21 

1.85 

.0729 

12.50 

27.56 

16.25 

35.82 

20.0 

44-09 

4 

22 

2.02 

.0795 

13.75 

30.31 

17.90 

39.46 

22.0 

48.50 

4 
* 

23 

2.19 

.0862 

15.00 

33.07 

19.50 

42.99 

24.0 

52.91 

t 
% 

24 

2.37 

•0933 

16.25 

35.82 

21.10 

46.52 

26.0 

57.32 

25 

2.52 

.0992 

17.50 

38.58 

22.75 

50.15 

28.0 

61.73 

. 

26 

2-66 

.1047 

18.80 

41.44 

1 

24.40 

53.79 

31.0 

68.34 

• 

Table  No.  loo  (contimud). 

Special  Sizes  for  Sheathing  Ships. 


Sizes  of  Sheets. 


i-i5><-35  metres; 
area,  .403  sq.  metre. 


3. 77  XI.  15  feet:  area, 
4-33  sq-  'cC- 


kils. 

lbs. 

2.65 

5.84 

3.00 

6.61 

3.40 

7.50 

3.75 

8:27 

4.15 

9.15 

4.55 

10.03 

1. 30 X. 40  metres: 
area,  .530  sq.  metre. 

4.36 XI. 31  feet  :area, 
5.60  sq.  feet. 


kils. 
3.40 

3.90 
4.40 

4.90 

5.35 
5.85 


lbs. 

7.50 

8.60 

9.70 

10.80 

11.79 

12.90 


Weight 

per 

square 

foot. 


lbs. 

1.344 
1.536 
1.740 
1.920 
2.II2 
2.304 


Nofi\ — A  deviation  of  25  dekagrammes,  or  about  half-a-pound,  more  or  less,  fr 
proper  weight  of  each  number  of  sheet,  is  allowed. 

Nos.  I  to  9  are  employed  for  perforated  articles,  as  sieves,  and  for  articles  de 
Nos.  10  to  12  are  used  in  the  manufacture  of  lamps,  lanterns,  and  tin-ware  general 
for  stamped  ornaments.  The  last  numbers  are  used  for  lining  reservoirs,  and  foi 
and  pumps. 
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&NDAMENTAL  MECHANICAL  PRINCIPLES. 


FORCES  IN   EQUILIBRIUM. 
Solid  Bodies. 


ra&iiigram  of  Forces, — ^When  a  body  remains  at  rest  whilst  being  acted 
two  or  more  forces,  it  is  said  to  be  in  a  state  of  equilibrium,  and  so  also 
c  forces.     Thus,  if  the  forces  p/,  Q  ^,  r  r,  Fig.  86,  acting  on  the  body 
keep  it  at  rest,  they  are  in 

bnum,  and  any  two  of  them  ^ 

»  the   third.     The  lines  of 
if  produced,  meet  at  one  point 

in  the  body,  and  if  a  parallel-      r" 

1  be  constructed  having  two 
9it  sides  proportional  to  and 

d  to  two  of  the  forces  respec-  Fig.  86.— Equilibrium  of  Forces. 

to  represent  them  in  magni- 

nd  direction,  the  diagonal  of  the  parallelogram  will  represent  the  third 
in  magnitude  and  direction.  Let  the  lines  o  p,  o  Q,  Fig.  87,  represent 
rces  p/,  Q^  in  magni- 

nd  direction,  and  com-  j» 

the    parallelogram    by 

ig  the  parallels  p  r,  q  r,  j» 

raw  o  R.  Then  o  r  re- 
ts in  magnitude  and 
on  the  resultant  of  the  ~      "$' 

rces  ;   and  R  O  taken  in  Fig.  87.-Parallelogram  of  Forces. 

posite  direction  repre- 

Jie  third  force  Rr,  Fig.  86.  If  it  be  applied  in  this  direction  to 
int  o,  as  indicated  by  a  dot  line  o  r',  it  would  balance  the  other  two. 
Dnstruction  is  called  the  parallelogram  of  forces^  and  is  applicable  to 
nee  forces  in  equilibrium. 

5e  forces  in  equilibrium  may  also  be  represented  by  a  triangle,  or 
parallelogram.  For  example,  the  triangle  opr  represents  by  its 
Ides  the  forces  o  p,  o  q,  o  r,  the  side  p  r  being  substituted  for  o  q. 
le  forces  in  equilibrium  must  be  in  the  same  plane. 
n  the  directions  of  three  forces  holding  a  body  at  rest,  and  also  the 
\di^  of  one  of  them,  are  known,  the  magnitudes  of  the  other  two  can 
rmined  by  constructing  a  parallelogram  in  the  manner  above  exem- 
and  measuring  the  lengths  of  the  sides  and  the  diagonal. 
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Polygon  of  Forces. — Equilibrium  may  subsist  between  more  dit 
forces,  which  need  not  necessarily  be  in  the  same  plane;  and  thej 
those  already  illustrated,  be  developed  in  direction  and  magnitude  bf 
Thus,  let  the  point  o,  Fig.  88,  representing  a  solid  body,  be  kept  at 
number  of  forces,  op,  o  q,  o  r,  o  s,  o  t.  Find  the  equivalent  diaggo 
the  first  two  forces;  then  construct  the  parallelogram  and  diagonal  0 
resultant  of  op  and  the  third  force  ok;  and  again  the  paraUdoi 
diagonal  o  s  for  the  resultant  of  o  r  and  the  fourth  force  o  s. 
resultant  ox  represents  in  one  the  four  distributed  forces  op,  OQ,  OB 
it  balances  the  fifth  force  ot  equal  and  opposite  to  it.  As  ox  an* 
in  the  same  straight  line,  their  resultant  is  of  course  nothing. 

The  several  forces  thus  dealt  with  may  be  combined  into  a  ^ 
forces.     Draw  o  p.  Fig.  89,  parallel  and  equal  to  o  p.  Fig.  88,  p  q  pai 

equal  to  o  Q,  Q  R  parallel  ti 
parallel  to  os;  then,  fok 
completing  the  polygon, 
parallel  and  equal  to  OT, 
the  last  of  the  series,  j 
Mosely  illustrates  the  po 
forces  by  the  united  adi 
number  of  bell-ringers^  pid 
number  of  ropes  joined  tc 
rope.  The  polygon  const] 
in  Fig.  90,  shows  success 
corresponding  letters,  the  ii 
contributions  of  the  bd 
combined  into  one  vertical 
Again,  equilibrium  may 
lished  between  a  numb^ 
acting  in  the  same  plane,  applied  to  different  points  in  a  body,  or  s 
bodies.     For  example,  let  the  forces  p o,  Q o,  r o,  so,  and  t o,  be 

to  several  points,  o,  o,  o,  o,  o,  on  a  fl 
ABC,  Fig.  91,  by  means  of  cords  and 
it  will  settle  into  a  position  of  eqv 
when  the  opposing  forces  arrive  at  a 
between  themselves.  An  axis  or  pi 
be  established  at  any  point,  m,  on  di 
of  the  board,  without  disturbing  the 
rium,  and  it  may  be  viewed  as  a  < 
motion  round  which  the  forces  tend 
the  board,  some  in  one  direction,  tl 
the  opposite  way,  balancing  each  oth 
effect  of  each  force  to  turn  the  bo< 
the  centre  is  represented  by  the  product  of  its  magnitude  by  the 
or  perpendicular  distance  of  its  direction  from  the  centre;  dr 
perpendiculars,  and  multiply  each  force  by  its  perpendicular  or 
then  the  resulting  products  will  be  divisible  into  two  sets,  tending 
the  board  in  opposite  directions.  The  sum  of  the  first  set  of  pre 
equal  to  the  sum  of  the  second  set,  as  is  proved  by  the  fact  of  equi 
Moments  of  Forces. — The  product  of  a  force  by  the  perpendic 
tince  of  its  direction  from  any  given  point,  is  called  the  moma. 


Fig.  88. — Equilibrium  of  more  than  Three  Forces. 


Fig.  89. — Polygon  of  Forces. 


-If  any 


F%.  91L— BcUrinjen.  Polygc 


FORCES   IN    EQUILIBRIUM. 

(wee about  that  point;  and  the  equilibrium  above  discussed, 

with  Fig.  91,  is  the  result  of  the  equality  of  momatls. 

Hie  law  of  the  equality  of  moments  may  be  thus  set  forth: 
Bunber  of  forces  acting  anywhere  in  the 
ame  {dane,  on  the  same  body  or  connected 
«tem  of  bodies,  be  in  equilibrium,  then 
Be  sum  of  the  forces  tending  to  turn  the 

Eem  in  one  direction  about  any  point  in 
plane,  is  equal  to  the  sum  of  the  mo- 
Beats  of  those  forces  tending  to  turn  the 
^tem  in  the  other  direction. 

Such  balanced  forces  may  be  transferred 
to  a  single  point,  and  placed  about  it,  as  in 
Fig.  8S,  parallel  to  their  directions  as  they 
audi  3n<l  't)^  ^ll  continue  in  equilibrium, 
holding  the  point  at  rest.  A  polygon  of 
Ae  forces  pqrst  within  Fig.  90,  may  be 
constructed  similariy  to  Fig.  89. 

Though  the  principle  of  the  polygon  of 
brccs  be  sufficient  10  test  the  equilibrium 
«f  «  system  of  forces  acting  at  one  poini, 
SCI  die  principle  of  the  equality  of  moments, 
■  addition,  is  necessary  to  establish  the 
cqnilibriuni  of  a  system  applied  to  different  points.  The  two  principles 
cnjointljrare  necessary,  and  they  are  sufficient,  as  conditions  of  equilibrium. 

71*  Gwiowrj'-— When 
a  chain,  or  a  rope,  or  a 
fcdble  scries  of  rods,  is 
w^iended  by  its  extremi- 
ties supporting  weights 
diibibated  along  lis 
lengdi,  in  a  state  of  rest, 
i  fariDS  a  polygon  of 
faca  in  equilibrium,  as 
k  Fig.    92.     If  all    the 

fcfcesexcept  thoscwhich        ^^H  j^^>?^"-  ---r— =■,* ^^^kq 

ux  on  the  extremities  of        ^^^        — ^--      ■■a    :  ^"-~^'"' 

Ae  diain,  be  combined 

MO  a  resultant,  then  the 

IBD  extreme  sides  being 

inMbced,  wiQ  meet  the 

JfctcUon  of  the  resultant 

M  one  point     Thus,  in 

*e    ptdygon.    Fig.    92, 

bided  with  weights,  w,w, 

kc,  die  vertical  resultant  Fig.  ^T.-EqiuUcyof  Momeoti. 

^t  Oeae  weights  w'  w*, 

p«tg  tbrough  thdr  common  centre  of  gravity,  intersects  at  w*  the  t^'o 

atacne  sections  pa,  p'b,  when  produced  downviards. 

Sbnilariy,  in  the  catenary.  Fig.  93,  which  is  the  curve  assumed  by  a  rope 
or  odier  flexible  medium  uniformly  loaded  and  suspended  by  the  two 


276 


FUNDAMENTAL  MECHANICAL  PRINCIPLES. 


Fig.  97.— Parallelopipcd  of  Forces. 


for  the  perpendicular  lines  g  e  and  g  f  continue,  as  before,  to  be  the  lem- 
ages  of  the  extreme  forces  a  and  c,  on  the  central  point  g. 

When  three  forces  not  in  the  same  plane  act  on  one  point,  there  camMt 
be  equilibrium  between  them.     Two  of  these  may  be  reduced  to  Mc 

resultant  by  parallelogiam,  lad. 
this  resultant  reduced  with  tke 
third  force  to  a  final  resahaflk 
For  example,  let  the  lines  op, 
OQ, OR,  Fig.  97,  represent  v 
magnitude  and  direction  three 
forces  not  in  one  plane  acdug 
on  the  point  o.  By  panD^ 
ogram,  o  s  is  the  resultant  of  Ac 
two  forces  o  p,  o  q,  and  ot  istfae 
final  resultant  of  o  s  and  the  thiid 
force  o  R.     That  is  to  say,  o  t  is  the  resultant  of  the  three  given  force& 

If  parallelograms  be  formed  from  each  two  of  the  three  forces,  they  fonn, 
when  duplicated,  a  parallelopiped  of  forces,  of  which  the  diagonal  is  fonad 
by  the  final  resultant  o  t,  and  the  principle  of  the  parallelopiped  of  fcnca 
may  be  thus  defined: — If  three  forces  be  represented  in  magnitude  and 
direction  by  three  adjacent  edges  of  a  parallelopiped,  their  resultant  ii 
represented  in  magnitude  and  direction  by  the  adjacent  diagonal  of  the  . 
solid.  P 

There  must  be  at  least  four  forces  to  produce  equilibrium  about  a  point,  ' 
when  the  forces  are  not  in  the  same  plane.  I 

The  triangle  ost,  Fig.  97,  comprises  in  its  three  sides  the  resultant  of 
the  first  and  second  forces,  the  third  force,  and  the  resultant  of  the  three. 
If  the  first  resultant  o  s  be  replaced  by  the  two  lines  o  q  and  q  s,  which 
represent  the  first  and  second  forces,  they  form  the  four-sided  figure  oqst, 
the  polygon  of  the  four  equilibrating  forces. 

A  greater  number  of  forces  than  four  acting  on  a  point  may  be  lednoed 
in  like  manner. 

Fluid  Bodies. 

The  characteristic  property  of  fluids  is  the  capability  of  transmitting  Ac 
pressure  which  is  exerted  upon  a  part  of  the  surface  of  the  fluid,  in  all 
directions,  and  of  the  same  intensity: — the  same  pressure  per  square  inch  or 
per  square  foot. 

The  pressure  of  water  in  a  vessel,  caused  by  its  own  gravity,  increases  in 
proportion  to  the  depth  below  the  surface;  and  the  pressure  on  a  horizontal 
surface,  say,  the  bottom,  is  equivalent  to  the  weight  of  the  superincumbent 
column  of  water,  and  the  intensity  of  the  pressure  is  independent  of  the 
form  of  the  vessel  'i'he  same  rule  applies  when  the  pressure  is  from  below 
upwards. 

The  same  rule  also  applies  when  the  surface  is  either  vertical  or  inclined, 
and  the  mean  height  of  the  superincumbent  column  of  water  is  measured 
by  the  depth  of  the  centre  of  gravity  of  the  given  surface  below  the  suiface 
of  the  water. 

The  water  in  open  tubes  communicating  with  each  other,  when  in  a  stale 
of  equilibrium,  stands  at  the  same  level  in  the  tubes,  whatever  may  be  Ae 
relative  diameters  of  the  tubes. 
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The  height  of  the  superincumbent  column  of  water  is  called  the  ht\ui  of 


The  buoy€uuyy  or  the  upward  force  with  which  water  presses  a  body 
immersed  in  it,  firom  below  upwards,  is  equal  to  the  weight  of  water  dis- 
placed hj  the  body,  or  of  a  quantit)'  of  water  equal  in  volume  to  the  sub- 
meiged  body,  or  submerged  portion  of  a  body.  The  resultant  of  the 
opvrazd  pressure  passes  through  the  centre  of  gra%'ity  of  the  water  displaced ; 
and  also,  when  the  floating  body  is  at  rest,  through  the  centre  of  gravity  of 
tbebcxiy. 

This  resultant  line  is  called  the  axis  of  floatation,  and  the  horizontal 
section  of  the  body  at  the  surface  of  the  water  is  the  p/ane  0/ floatation. 

Bodies  float  eidier  in  an  upright  position  or  in  an  oblique  position.  A 
body  floats  with  stability,  when  it  strives  to  maintain  the  position  of  equili- 
bfium,  and  when  it  can  only  be  moved  out  of  this  position  by  force,  and 
will  return  to  it  when  the  force  is  withdrawn.  The  mdacetitre  is  the  point 
at  which  the  axis  of  floatation  intersects  the  axis  of  a  symmetrical  body,  as  a 
ahip^  when  inclined.  If  the  metacentre  lies  above  the  centre  of  gravity  of 
the  ship,  the  ship  floats  with  stability;  if  below,  the  ship  is  unstable;  if  the 
centres  coincide,  which  they  must  do  in  a  cylinder  or  a  sphere,  for  example, 

the  body  floats  indifierently  in  any  position. 
For  the  weight,  volume,  and  pressure  of  water  and  air,  see  Water  and 

Air  as  standards  of  measure,  page  124. 

MOTION. 

The  motion  of  a  body  is  uniform,  when  the  body  passes  through  equal 
ipaces  in  equal  intervals  of  time. 

Vdifdiy  is  the  measure  of  motion,  and  is  expressed  by  the  number  of 
feet  or  oUier  unit  of  length  moved  through  per  second  or  other  unit  of  time. 

Motion  is  accderaied,  when  the  body  moves  through  continually  increased 
Ipaces  in  equal  intervals  of  time,  like  a  railway  train  starting  from  a  station. 
Uotion  is  retarded,  when  the  body  moves  through  continually  decreased 
faces  in  equal  inter\'a1s  of  time,  like  a  railway  train  arriving  at  a  station. 
The  accelereUion  and  retardation  are  uniform,  when  the  spaces  moved  through 
JDoease  or  decrease  by  equal  successive  amounts,  like  a  body  falling  by 
the  action  of  gravity,  or,  on  the  contrai}',  projected  upwards  in  opposition 
to  gravity. 

GRAVITY. 

Hlien  bodies  fall  freely  near  the  surface  of  the  earth,  the  motion,  as 
aheady  said,  is  uniformly  accelerated;  equal  additions  of  velocity  being  made 
to  die  motion  of  the  body  in  equal  intervals  of  time. 

During  the  ist  second  of  time,  the  body,  starting  from  a  state  of  rest, 
fills  through  16.095  ^^*»  or»  say  16. i  feet;  during  the  2d  second,  it 
fidk  through  three  times  16.1  feet;  during  the  3d  second,  it  falls  through 
(he  times  16.1  feet,  and  so  on.  The  body  ha\ing.  in  the  ist  second,  fallen 
tfaruugh  16. 1  feet,  from  a  state  of  rest,  \iith  a  motion  uniformly  arxelerated, 
it  would  move  through  32.2  feet  in  the  next  second,  with  the  velocity 
thus  acquired,  without  any  additional  stimulus  from  gravity;  that  is  to 
ay,  the  velocity  acquired  at  the  end  of  the  ist  second  Is  32.2  feet  per  scr.ond. 
During  the  ad  second,  it  in  fact  acquires  an  additional  velocity  of  32.2  feet 
per  second,  making  up,  at  the  end  of  this  second,  a  final  velocity  i,{  64.4 
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feet  per  second.  In  like  manner  the  body  acquires  an  additional  vd 
of  32.2  feet  per  second  during  the  3d  second,  making  a  final  veloc 
three  times  32.2  feet,  or  96.6  feet  per  second.     And  so  on. 

Each  of  these  additional  velocities  is  acquired  in  falling  through  16.1 
additional  to  the  space  fallen  through  in  virtue  of  the  velocity  acquin 
the  beginning  of  each  second. 

The  relations  of  height  fallen^  velocity  acquired^  and  time  of  foL 
simply  exhibited  in  the  following  manner : — 

During  the  successive  seconds  the  heights  fallen  through  are  conseca 
as  follow: — 

time,  I,  I,  I,  I  second, 

height  of  fall,  16.  i,  16.  i  x  3,      16.  i  x  5,      16.1  x  7  feel 

And  reckoning  the  totals  from  the  commencement  of  the  fall, 

total  times,                     i,                 2,  3,  4  seconds 

total  height  of  fall,       16.  i,  16.  i  x  4,  16.  i  x  9,      16.  i  x  16  f< 

or  16. 1,  16. 1  x  2*^,  16. 1  x  3^,     16. 1  X  42  fc 

or  16.1,  64.4,  144*9)          257.6  feet 

Showing  that  the  total  height  fallen  is  as  the  square  of  the  total  time. 

Again,  during  the  successive  seconds,  the  successive  additional  velc 
acquired  are: — 

time,  I,  I,  I,  I  second, 

velocities  acquired,      32.2,        32.2,       32.2,        32.2  feet  per  seco; 

And  the  total  or  final  velocities  acquired,  reckoning  from  the  comir 
ment  of  the  fall,  are : — 

total  times,  i,  2,  3,  4  seconds, 

final  velocities,     32.2,     32.2  x  2,     32.2  x  3,     32.2  x  4  feet  per  seco 

or  32.2,     64.4,  96.6,         128.8  feet  per  second. 

Showing  that  the  velocity  acquired  is  in  direct  proportion  to  the  time  c 
fall. 

The  above  relations  of  time,  height,  and  velocity  are  brought  to^ 
for  comparison,  thus : — 

time  as,  i, 

velocity  acquired  as,        i, 
height  of  fall  as,  i, 

or  as  I, 

Showing  that,  whilst  the  velocity  increases  simply  with  the  time,  the 
of  fail  increases  as  the  square  of  the  time,  and  as  the  square  of  the  vel 

The  force  of  gravity  is  expressed  by  the  velocity  communicated  by  g 
to  a  body  falling  freely  in  a  second,  namely,  32.2  feet  per  second,  i 
symbolized  by  g. 

The  foregoing  relations  of  time,  velocity,  and  height  of  fall,  are  com 
in  the  six  following  propositions  with  their  answers — applicable  t 
condition  of  a  body  falling  freely.  They  are  much  used  in  mech 
calculations. 

I  and  2.  Given  the  time,  to  find  the  velocity  and  the  height, 
3  and  4.  Given  the  velocity,  to  find  the  time  and  the  luight. 
5  and  6.     Given  the  height,  to  find  the  time  and  the  velocity. 


2, 

3» 

4,  &c 

2, 

3» 

4,  &c 

4> 

9» 

16,  &c. 

2\ 

3^ 

42,  &c. 
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Rules  for  the  Action  of  Gravity. 

g  /=the  time  of  falling  in  seconds,  v  =  the  velocity  in  feet  per 
f=the  height  of  fall  in  feet,  and  ^=  gravity  or  32.2;  then 

1.  Given  the  tim^  of  fall,  to  find  the  velocity  acquired  by  a  falling 
lultiply  the  time  in  seconds  by  32.2,  the  product  is  the  finsd 
n  feet  per  second.     Or 

Z^=32.2  / ( I  ) 

2.  Given  the  time  of  fall,  to  find  the  height  of  the  fall.  Multiply 
e  of  the  time  in  seconds  by  16.1.  The  product  is  the  height  of 
t    Or 

>5=i6.i  /« (2) 

3.  Given  the  velocity^  to  find  the  time  of  falling.  Divide  the 
n  feet  per  second  by  32.2.     The  quotient  is  the  time  in  seconds. 

t=-^ (3) 

32.2 

4.  Given  the  velocity,  to  find   the  height  of  fall  "due"  to  the 
Square  the  velocity  in  feet  per  second,  and  divide  by  64.4.    The 

is  the  height  of  fall  in  feet     Or 

h^^ (4) 

64.4 

5.  Given  the  hdght  of  fall,  to  find  the  time  of  falling.  Divide  the 
feet  by  16.1,  and  find  the  square  root  of  the  quotient.  The  root 
le  in  seconds.     Or 


/ 


or/ 


-%\/  h   (s) 


5.  Given  the  height  of  fall,  to  find  the  velocity  due  to  the  height 

the  height  in  feet  by  64.4,  and  find  the  square  root  of  the  product 

is  the  velocity  in  feet  per  second. 

Itiply  the  square  root  of  the  height  in  feet  by  8.025;  ^^  product 

jcity  in  feet  per  second. 

■It  is  usual  to  take  the  integer  8  only  for  the  multiplier. 

lically,  these  operations  are  expressed  as  follows : — 

v-x2.2\/—~-    \/ 64.4 //  =  8.025 a/ // 

y  32.2       ^  ^ 

round  number  z/  =  8  a/  h    (  6  ) 

K)ve  rules  are  applicable,  inversely,  to  the  motion  of  bodies  pro- 
fvards  and  uniformly  retarded  by  gravity.  The  height  to  which  a 
ected  vertically  upwards  by  an  initial  impulse,  will  ascend,  is  equal 
right  through  which  the  body  must  fall  in  order  to  acquire  the 
5city,  and  the  same  rule  (4)  applies  in  these  two  cases. 
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The  following  table,  No.  loi,  gives  the  velocity  acquired  by  a  falling  bod| 
in  falling  freely  through  a  ^ven  height  Table  No.  102  gives,  convetst^ 
the  height  of  fall  due  to  a  given  velocity.  Table  No.  103  gives  the  Man 
the  final  velocity  due  to  a  given  tinie  of  falling  freely. 


Table  No.  loi. — Velocity  acquired  by  Falung  Bodies,  due  to  Givw^ 

Heights  of  Fall. 


Z'  =  8.o25a/  h. 


Height  of 
Fall 

Velocity 

in  Feet 

per  Second. 

Height  of 
Fall. 

Velocity 

in  Feet 

per  Second. 

Height  of 
FaU. 

Velocity 

in  Feet 

per  Second. 

Hdghtof 
Flu. 

feet. 

ft.  per  sec 

feet. 

ft  per  sec. 

feet. 

ft.  per  sec. 

feet. 

.01 

.803 

3.0 

13.90 

23 

38.49 

50 

.02 

1. 14 

3.5 

15.01 

24 

39.31 

100 

.03 

1-39 

4.0 

16.05 

25 

40.12 

150 

.04 

1. 61 

4.5 

17.03 

26 

40.92 

200 

•05 

1.80 

5-0 

17.99 

27 

41.70 

300 

.06 

1.97 

5.5 

18.82 

28 

42.47 

400 

.07 

2.12 

6.0 

19.66 

29 

43.22 

500 

.08 

2.27 

6.5 

20.46 

30 

43.95 

600 

.09 

2.41 

7.0 

21.23 

31 

44.68 

700 

.1 

2.54 

7.5 

21.97 

32 

45.39 

800 

.2 

3.20 

8.0 

22.69 

33 

46.10 

900 

•3 

4.40 

8.5 

23.40 

34 

46.79 

1000 

.4 

5-07 

9.0 

24.07 

35 

47.47 

1500 

•5 

5.68 

9.5 

2473 

36 

48.15 

2000 

.6 

6.22 

10 

25.38 

37 

48.81 

2500 

.7 

6.71 

II 

26.62 

38 

49.47 

3000 

.8 

7.18 

12 

27.80 

39 

50.11 

3500 

•9 

7.61 

13 

28.93 

40 

50.75 

4000 

I.O 

8.03 

14 

30-03 

41 

51.38 

4500 

1.2 

8.79 

15 

31.08 

42 

52.01 

5000 

1.4 

9.50 

16 

32.10 

43 

52.62 

6000 

1.6 

10.15 

17 

33.09 

44 

53.23 

7000 

1.8 

10.77 

18 

34.05 

45 

53.83 

8000 

2.0 

11.35 

19 

34.98 

46 

54.43 

9000 

2.25 

12.04 

20 

35.89 

47 

55.02 

1 0000 

2.50 

12.69 

21 

36.77 

48 

55.60 

2.75 

13.31 

22 

37.64 

49 

56.17 

■ 

mFecC 
per 


ft.  pcrseCL 

56.74 
80.2J: 

98.2S 

"35 

139.0 
160.5 

179.9 
196^6 

212.5 

226.9 

24a7 

253.^ 
310.8 

35«.9 
401.2 

439-5 

474.7 

507.5 

538-3 

567.4 
62l6 

671.4 
717.8 

761.3 
802.5 


'I 
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able  No.  102. — Height  of  Fall  due  to  Given  Velocities. 

If" 


h^. 


64.4* 


Ht^tof 

Velocity 
in  Feet 

Height  of 

Fall. 

Velocity 
in  Feet 

Height  of 
Fall 

feet. 

Velocity 
in  Feet 

Height  of 
Fall 

nd. 

per  Second. 

per  Second. 

per  Second. 

CO 

feet. 

ft.  per  sec 

feet. 

ft.  per  sec. 

ft.  per  sec. 

feet 

.0010 

19 

5.61 

46 

32.9 

73 

82.7 

.0039 

20 

6.21 

47 

34-3 

74 

85.0 

.0087 

21 

6.85 

48 

35.8 

75 

87.4 

.016 

22 

7-52 

49 

37.3 

80 

99-4 

.024 

23 

8.21 

so 

38.8 

85 

112.2 

•035 

24 

8.94 

51 

40.4 

90 

125.8 

.048 

25 

9.71 

52 

42.0 

95 

1 40. 1 

.062 

26 

IO-5 

S3 

43-6 

100 

155-3 

.097 

27 

"•3 

54 

45-3 

105 

171. 2 

.140 

28 

II. 2 

11 

47.0 

no 

187.9 

.190 

29 

131 

56 

48.7 

115 

205.4 

.248 

30 

14.0 

57 

50-4 

120 

223.6 

•314 

31 

14.9 

58 

52.2 

130 

262.4 

.38S 

32 

159 

59 

54.1 

140 

304.3 

.559 

33 

16.9 

60 

.55-9 

150 

349.4 

.761 

34 

17.9 

61 

57.8 

175 

475.5 

-994 

35 

19.0 

62 

59.7 

200 

621 

1.26 

36 

20.1 

63 

61.6 

300 

1397 

1.55 

37 

21.3 

64 

63.6 

400 

2484 

1.88 

38 

22.4 

65 

65.6 

500 

3882 

2.24 

39 

23.6 

66 

67.6 

600 

5590 

2.62 

40 

24.9 

67 

69.7 

700 

7609 

304 

41 

26.1 

68 

71.8 

800 

9938 

3-49 

42 

27.4 

69 

73-9 

900 

12578 

3.98 

43 

28.7 

70 

76.1 

1000 

15528 

4-49 

44 

30.1 

71 

78.3 

503 

45 

314 

72 

80.5 
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Table  No.  103.— Height  of  Fall  and  Velocity  acquired,  n«    ■ 

Given  Time  of  Fall.                                    1 

-*  =  i6.i/«.     »  =  32.2/.                                     1 

ViiocUr 

Vdpdly 

1-,  J 

M. 

HeiEhl  ar 

f5ii. 

scduired  ii 
FHiper 
ScconT 

Time  of 
FiOL 

"S" 

^Fk- 

"a" 

9 

•l!C<»ds. 

fed. 

fi-ptrKC, 

Kconik. 

feci. 

ft.  ptrstc 

««nd!. 

fctt 

ft^H 

I 

I6.I 

31.2 

12 

2318 :  386.4 

23 

8517 

i^^l 

3 

64.4 

64.4 

13 

J72I      418.6 

24 

9273 

i^H 

3 

144-9 

96.6 

14 

3r56 

450.8 

25 

10062 

M^l 

4 

^57-6 

ij8,8 

IS 

3623 

483.0 

26 

10884 

^1 

4o;.5 

i6i.a 

16 

4122 

5'5-2 

27 

i    "737 

6 

S79-6 

193.2 

17 

4653 

547.4 

:8 

12622 

^^1 

I 

783.9 

225-4 

18 

5217 

S79-f- 

29 

13540 

^H 

8 

1030 

257.6 

'9 

581  = 

611. 8 

30 

14490 

9 

1304 

289.8 

6440 

644.0 

31 

1   "5473 

9fin 

10 

1610 

S23.0 

zt 

7100 

676.2 

32 

j   '6487 

i<{]fl 

" 

1948 

35  4. 2 

" 

7792 

708.4 

^ 

ACCELERATED    AND    RETARDED    MOTION    IN    GENERAl. 

The  same  rules  and  formulas  that  have  been  applied  to  the  iiduni 

pnvity  arc  applicable  to  the  actioa  of  any  other  uniformly  accelenll 

'orce  on  a  body,  the  numerical  constants  being  adapted  to  the  force.    Ifl 

accelerating  or  retarding  force  be  greater  or  less  than  gra\'ity;  that  is  to! 

than  the  weight  of  the  body,  the  constants  16. 1,  31.3,  and  64.4  are  10 

varied  in  the  same  proportion. 

To  do  this,  multiply  the  constant  by  the  accelerating  force,  and  din 

the  product  by  the  weight  of  the  body.     Let  /  be  the  acceferatiDg  filO 

and  w  t 

le  weigh 

t  of  the 

body,  til 

en  theo 

onstant 

iecomes 

f 

(«) 


and  substituting  this  in  the  formulas  (i)  to  (6)  for  gravity,  the  followiM 
general  rules  and  formulas  are  arrived  at  for  the  action  of  uniformly  accd* 
crating  or  retarding  forces.  The  rules  are  wTitten  for  accelerating  foFcet, 
but  they  apply  by  simple  inversion  to  retarding  forces  also. 

General  Rules  for  Acceleratiki;  Forcf.s. 

The  accelerating  force  and  the  weight  of  the  body  are  expressed  in  thi 
same  unit  of  weight;  and  the  space  in  feet,  the  time  in  seconds,  and  thi 
velocity  in  feet  per  second. 

In  the  following  rules  the  time  during  which  a  body  is  acted  on  byai 
accelerating  force  is  called  the  lime;  the  velocity  acquired  at  the  end  of  tbi 


ACCELERATED  AND  RETARDED  MOTION.  283 

is  called  the  final  vdacity;  the  space  traversed  by  the  body  during  the 
me  is  called  tkt  space;  the  accelerating  force  is  called  the  farce, 

t  =  the  time. 

V  =  the  final  velocity. 

s  =  the  space. 

/  =  the  force. 

w  =  the  weight. 

Rule  7.  Given  the  wdght,  the  forccj  and  the  time;  to  find  the  final 
d$dtj.  Multiply  the  force  by  the  time  and  by  32.2,  and  divide  by  the 
tig^t     The  quotient  is  the  ^al  velocity.     Or 

v  =  ^   J    (7) 


7V 


Rule  8.  Given  the  weighty  the  force,  and  the  time;  to  find  the  space. 
fnltiply  the  force  by  the  square  of  the  time  and  by  16.  i,  and  divide  by  the 
rcigfat     Or 

s='±llf (8) 

w 

Rule  9.  Given  the  weight,  the  final  velocity,  and  the  force;  to  find  the 
hue.  Multiply  the  final  velocity  by  the  weight,  and  divide  by  the  force, 
Dd  by  32.2.     The  quotient  is  the  time.     Or 

.       wv  /     V 

'=^w ^'^ 

Rule  id.  Given  the  weight,  Xht  final  velocity,  and  the  force;  to  find  the 
f9ce.  Multiply  the  weight  by  the  square  of  the  velocity,  and  divide  by 
ke  iinrce,  and  by  64.4.     The  quotient  is  the  space.     Or 

^=6^ ^'""^ 

Rule  i  i.  Given  the  weight,  the  force,  and  the  spcue;  to  find  the  time. 
kfnldply  the  weight  by  the  space,  and  divide  by  the  force;  find  the  square 
Oo(  of  the  quotient,  and  divide  it  by  4.  The  last  quotient  is  the  time  in 
eomds.     Or 

'=K-v/^ (") 

Rule  i  2.  Given  the  weight,  the  force,  and  the  space;  to  find  the  final 
tlxzty.  Multiply  the  space  by  the  force,  and  divide  by  the  weight;  find 
ie  square  root  of  the  quotient,  and  multiply  by  8.  The  product  is  the  final 
elodty.     Or 

'7^ 


z^  =  8y^- 


w 


(12) 


Rule  13.  Given  the  weight,  the  space,  and  the  final  velocity;  to  find  the 
ra.  Multiply  the  weight  by  the  square  of  the  final  velocity,  and  divide 
r  die  space,  and  by  64.4.     The  quotient  is  the  force.     Or 

^=5fx ^'^^ 
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Rule  14.  Given  the  weighty  tinUy  and  final  veiodty;  to  find  the. 
Multiply  the  weight  by  the  velocity,  and  divide  by  the  time,  and  by 
Or 


/= 


w  V 


(14) 


32.2  / 

Note  I.  When  the  accelerating  or  retarding  force  bears  a  simple  ratb 
the  weight  of  the  body,  the  ratio  may,  for  greater  readiness  in  cal( 
be  substituted  in  the  quantities  (a)  representing  the  modified  oonstaDts,,] 
the  force  and  the  weight     Suppose  the  accelerating  force  is  a  tenth  pvt  < 
the  weight,  then  the  ratio  is  i  to  10,  and 

16. 1        , 
=  1.61, 

10 

32.2 

'i— =  3.22, 

10 


64^ 
10 


=  6.44; 


and  these  quotients  may  be  substituted  for  16. i,  32.2,  and  64.4  res] 
in  the  formulas  for  the  action  of  gravity  (i)  to  (6),  to  fit  them  for 
use  in  dealing  with  an  accelerating  force  one-tenth  of  gravity,  the 
in  those  formulas,  of  course,  being  taken  to  mean  space  traversed. 

Note  2.  The  tables,  Nos.   101-103,  pages  280-282,  for  the  relations 
the  velocity  and  height  of  falling  bodies,  may  be  employed  in  solviii|£ 
questions  of  accelerating  force  generally.  i 

Example,  A  ball  weighing  10  lbs.  is  projected  with  an  initial  velodtjot 
60  feet  per  second  on  a  level  bowling-green,  and  the  frictional  Fesistanojl 
to  its  motion  over  the  green  is  i  lb.  What  distance  will  it  traverse  befioiq 
it  comes  to  a  state  of  rest?     By  rule  10, 


10  lbs.  X  60^ 


=  559  feet. 


I  lb.   X  64.4 

the  distance  traversed. 

Again,  the  same  result  may  be  arrived  at,  according  to  Note  i, 
multiplying  the  constant  64.4,  in  rule  4,  for  gravity,  by  the  ratio  of 
force  and   the  weight,  which  in    this  case   is   -^j  and   64.4x1^  =  6.^ 
Substituting  6.44  for  64.4  in  that  rule  and  formula,  the  formula  becomes 


h=- 


6.44     6.44 


60-  r.    . 

-  =  559  feet. 


the  distance  traversed,  as  aheady  found. 

But  the  question  may  be  answered  more  directly  by  the  aid  of  the  table 
for  falling  bodies  (No.  102,  page  281).  The  height  due  to  a  velocity  of 
60  feet  per  second,  is  55.9  feet;  and  it  is  to  be  multiplied  by  the  inverse 
ratio  of  the  accelerating  force  and  the  weight  of  the  body,  or  ^,  or  10; 

that  is, 

55.9  X  10  =  559  feet, 

the  distance  traversed. 

If  the  question  be  put  otherwise — What  space  will  a  ball  move  over 
before  it  comes  to  a  state  of  rest,  with  an  initial  velocity  of  60  feet  per 
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•econd,  allowing  the  friction  to  be  i-ioth  the  weight  of  the  ball?  The 
inswer  may  be  given,  that  the  friction,  which  is  the  retarding  force,  bein:; 
[-loth  of  the  weight,  that  is  of  gravity,  the  space  described  will  be  lo  times 
IS  mach  as  is  necessary  for  gravity,  supposing  the  ball  to  be  projected 
nertically  upwards  to  bring  the  ball  to  a  state  of  rest.  The  height  due  to 
he  velocity  is  55.9  feet;  then 

55.9  X  10  =  559  feet, 
he  space  described  by  the  ball. 

Action  of  Gravity  on  Inclined  Planes. 

If  a  body  freely  descend  an  inclined  plane  by  the  force  of  gravity  alone, 
Ibe  velocity  acquired  by  the  body  when  it  arrives  at  the  foot  of  the  plane, 
«  that  which  it  would  acquire  by  falling  freely  through  the  vertical  height. 
Or,  the  velocity  is  that  "  due  "  to  the  height  of  the  plane. 

The  time  occupied  in  making  the  descent  is  greater  than  that  due  to  the 
kight,  in  the  ratio  of  the  length  of  the  plane,  or  distance  travelled,  to 
;  te  height     The  time  is  therefore  directly  in  proportion  to  the  length  of 
tbe  plane,  when  the  height  is  the  same. 

TTie  impelling  or  accelerating  force  by  gravitation  acting  in  a  direction 
poallel  to  the  plane,  is  less  than  the  weight  of  the  body,  in  the  ratio  of  the 
■ig^t  of  the  plane  to  its  length.  It  is,  therefore,  inversely  in  proportion 
to  Sie  length  of  the  plane,  when  the  height  is  the  same. 

The  time  of  descent,  under  these  conditions,  is  inversely  in  proportion 
to  the  accelerating  force. 

U,  for  instance,  the  length  of  the  plane  be  five  times  the  height,  the  time 
of  making  freely  the  descent  on  the  plane  by  gravitation  is  five  times 
that  in  which  a  body  would  freely  fall  vertically  through  the  height;  and 
iIk  impelling  force  down  the  plane  is  '/s  ^^  of  ^^^  weight  of  the  body. 

Problems  on  the  descent  of  bodies  on  inclined  planes  are  soluble  by  the 
ad  of  the  rules  7  to  14,  for  the  relations  of  accelerating  forces.  But, 
K  a  preliminary  step,  the  accelerating  force  is  to  be  determined,  by 
■oltiplying  the  weight  of  the  descending  body  by  the  height  of  the  plane, 
and  dividing  the  product  by  the  length  of  the  plane.  For  example,  let  a 
bo^  of  15  pounds  weight  gravitate  freely  down  an  inclined  plane,  the 
length  of  which  is  five  times  the  height,  the  accelerating  force  is  15-^-5  =  3 
pouids.  If  the  length  of  the  plane  be  100  feet,  the  height  is  20  feet,  and 
4e  velocity  acquired  in  falling  freely  fi*om  the  top  to  the  bottom  of  the 
plane  would  be,  by  rule  12, 

y  =  8iy/^  ^  ^^^  =  8  y/   20   =35.776  feet  per  second. 
The  time  occupied  in  making  the  descent  is,  by  rule  11, 

/=  j^  V  ^^'"^^=  j^V    500   =5.59  seconds. 

Whereas,  for  a  free  vertical  &11  through  the  height,  20  feet,  the  time 
•ould  be,  by  rule  5, 


=^a/ 


20   =  I.I  18  seconds, 
vliidi  is  Vs  ^  ^^  ^^  ^^^  0^  making  the  descent  on  the  inclined  plane. 
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Special  Rules  for  the  Descent  on  Inclined  Planes, 

The  height  and  the  length  of  an  inclined  plane  may  be 
for  the  accelerating  force  and  the  weight  respectively  in  the  lufe' 
to  find  the  time.     Putting  ^  =  the  height  of  the  plane,  and  /=tbc 
of  the  plane,  the  formula  (ii) 

^=  )i  V-^  becomes  /=  i^  y^  --i-  =  ^  W  —u 


or,  /  = 


/ 


Rule  15. — Given  the  length  and  the  height  of  the  inclined  plane, 
the  time  in  which  a  body  would  freely  descend  by  gravitation.     Divii 
length  by  four  times  the  square  root  of  the  height;  the  quotient  is 
in  seconds. 

For  example,  the  length  of  the  plane  is  100  feet,  and  the  height  iiij 
feet,  and  the  time  is  ' 

100  , 

'=I7Tr  =5-59  seconds, 

4v  20  J 

as  was  found  before.  1 

Again,  by  inversion  of  the  formula  (15),  ( 


7=4//^/  h  ,  and  then 


^  =  7^^ ('<^) 

Rule  16. — Given  the  length  of  the  inclined  plane,  and  the  tim 
free  descent  by  gravitation,  to  find  the  height  through  which  the  b( 
descends.  Divide  the  square  of  the  length  by  the  square  of  the  ti 
in  seconds  and  by  16;  the  quotient  is  the  length  of  the  inclined  plane. 

For  example,  the  length  of  the  plane  is  100  feet,  and  the  time  of  desc 
is  5.59  seconds;  then  the  vertical  height  of  the  descent  is 

h  = 5 =  20  feet,  the  height. 

5.59^x16 


Average  Velocity  of  a  Moving  Body  Uniformly  Accelerate 

OR  Retarded. 

The  average  velocity  of  a  moving  body  uniformly  accelerated  or  retar< 
during  a  given  time  or  in  a  given  space,  is  equal  to  half  the  sum  of 
initial  and  final  velocities;  and  if  the  body  begin  from  a  state  of  res 
arrive  at  a  state  of  rest,  the  average  speed  is  half  the  final  or  initial  velo 
as  the  case  may  be.  Thus,  in  the  example  of  a  ball  rolling,  the  in 
speed  or  velocity  is,  in  either  case,  60  feet  per  second,  and  the  tern 
speed  is  nothing;  the  average  speed  is  therefore  the  same,  namely,  one 
of  that,  or  30  feet  per  second 
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MASS. 

^  is  not  an  essential  property  of  a  body;  it  is  only  the  attraction  of  the 
exerted  upon  the  body.  Suppose  the  attractive  force  to  be  suspended, 
he  body  would  cease  to  have  weight.  What  would  remain?  Mass, 
(Stance,  simply.  But,  though  weight  is  not  mass,  it  is  a  direct  measure 
ss,  in  the  same  locality,  or  wherever  the  force  of  gravitation  is  the 
for  double  the  mass  has  twice  the  weight  Weight  alone,  however, 
sufficient  as  a  universal  measure  of  mass,  since  the  weight  of  the 
mass  would  vary  according  to  the  force  of  gravitation  for  different 
3ns.  The  mass,  therefore,  varies  inversely  as  the  force  of  gravitation, 
the  weight  remains  the  same.  That  force  is  measurable  by  the  height 
b  which  a  body  falls  in  a  given  time,  or  by  the  velocity  acquired  at 
d  of  that  time,  say,  a  second,  expressed  by  g.  In  its  most  general 
then,  the  expression  for  the  mass  of  a  body  comprises  the  weight 
y  and  the  force  of  gravitation  inversely;  thus 

"=7 ^''^ 

ch  «  is  the  mass,  w  the  weight,  g  the  force  of  gravitation;  that  is  to 
e  mass  of  a  body  is  equal  to  the  weight  of  the  body  divided  by  the 
)f  gravity.     Since  the  weight  and  the  force  of  gravity  vary  in  the 

ado,  the  mass  —  of  a  body  is  the  same  at  all  places.     As  the  quan- 

matter  of  the  same  body  is  also  constant  whatever  place  it  occupies, 

iss  _  gives  an  exact  idea  of  the  quantity  of  matter,  and  is  a  measure 
i 

MECHANICAL  CENTRES. 

•e  are  four  mechanical  centres  of  force  in  bodies,  namely,  the  centre 
ity,  the  centre  of  gyration,  the  centre  of  oscillation,  and  the  centre 
iission. 

Centre  of  Gravity. 

centre  of  gravity  is  the  physical  centre  of  a  body,  or  of  a  system  of 
in  rigid  connection  with  each  other,  about  which  the  gravitation  of 
eral  particles  of  the  body  is  self-balanced,  and  at  which  it  can  be 
ispended  or  supported  in  any  position  in  a  state  of  rest, 
rious  calculations,  the  whole  weight  or  mass  of  a  body  is  considered 
d  at  its  centre  of  gravity. 

id  the  centre  of  gravity  of  any  plane  figure  mechanically : — Suspend 
re  by  any  point  near  its  edge,  and  mark  on  it  the  direction  of  a 
ine  hung  from  that  point;  then  suspend  it  from  some  other  point, 
in  mark  the  direction  of  the  plumb-line  in  like  manner.  Then  the 
f  gravity  of  the  surface  will  be  at  the  point  of  intersection  of  the 
ks  of  the  plumb-line. 

:entre  of  gravity  of  parallel-sided  objects  may  readily  be  found  in 

For  instance,  to  find  the  centre  of  gravity  of  the  arch  of  a  bridge; 

;  elevation  upon  paper  to  a  scale,  cut  out  the  figure,  and  proceed 

as  above  directed,  in  order  to  find  the  position  of  the  centre  of 
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gravity  in  elevation  for  the  model     In  the  actual  arch,  the  centre  of  gra% 
will  have  the  same  relative  position  as  in  the  paper  model  ; 

In  regular  figures  or  solids  the  centre  of  gravity  is  the  same  as  thdij 
geometrical  centres.  Thus,  the  centre  of  gravity  of  a  straight  Vaat^i 
parallelogram,  a  prism,  a  cylinder,  a  circle,  the  circumference  of  a  ciidc^i 
ring,  a  sphere,  and  a  regular  polygon,  is  the  geometrical  centre  of  theHJ 
figures  and  solids  respectively.  i 

To  find  the  centre  of  gravity  of  a  triangle;  draw  a  straight  line  from  ott 
of  its  angles  to  the  middle  of  the  opposite  side;  the  centre  of  gravity  will ti 
in  this  line  at  a  distance  of  two-thirds  of  its  length  from  the  angle.  Q|| 
draw  a  straight  line  from  two  of  the  angles  to  the  middle  of  the  uypuil 
sides  respectively;  the  point  of  intersection  of  the  two  lines  will  be  di 
centre  of  gravity. 

For  a  trapezium,  or  irregular  four-sided  figure,  draw  the  two  diagoidl^ 
and  find  the  centres  of  gravity  of  each  of  the  four  triangles  thus  fonad^ 
then  join  each  opposite  pair  of  these  centres  of  gravity.  The  joining  Bndl 
will  cut  each  other  in  the  centre  of  gravity  of  the  figure. 

For  a  cone  and  a  pyramid,  the  centre  of  gravity  is  in  the  axis  or  centR 
line,  at  a  distance  of  three-fourths  of  the  length  of  the  axis  from  the  verto; 
or  one-fourth  from  the  base. 

For  an  arc  of  a  circle,  the  centre  of  gravity  lies  in  the  radius  bisecting  tk 
arc,  and  the  distance  of  it  from  the  centre  of  the  arc  is  found  by  inultipljiq| 
the  radius  by  the  chord  of  the  arc,  and  dividing  by  the  length  of  the  arc;  Ik 
(juotient  is  the  distance  of  the  centre  of  gravity  from  the  centre  of  the  ciide. 

For  a  sector  of  a  circle,  the  centre  of  gravity  is  two-thirds  of  the  distana 
of  that  of  an  arc,  from  the  centre  of  the  circle.  It  is  found  independenlif 
by  multiplying  the  radius  by  twice  the  chord  of  the  arc,  and  di\iding  I^ 
three  times  the  length  of  the  arc;  the  quotient  is  the  distance  of  theceotR 
of  gravity  from  the  centre  of  the  circle. 

For  a  parabolic  space,  the  centre  of  gravity  is  in  the  axis,  or  centre  linc^ 
and  its  distance  from  the  vertex  is  three-fifths  of  the  centre  line  or  zm. 

For  a  paraboloid,  the  centre  of  gravity  is  in  the  axis,  at  a  distance  fion 
the  vertex  of  two-thirds  of  the  axis. 

For  two  bodies,  fixed  or  suspended  one  at  each  end  of  a  straight  bar,  the 
common  centre  of  gra\'ity  is  in  the  bar,  at  that  point  which  divides  fc 
distance  bet\veen  their  individual  centres  of  gravity,  in  the  inverse  xatic 
of  the  weights  respecti\ely.  For  example,  if  two  weights  of  20  lbs.  aaj 
10  lbs.  be  suspended  on  a  bar  at  a  distance  of  9  feet  apart  between  thdi 
centres  of  gravity,  the  common  centre  of  gravity  will  divide  the  distance  ii 
the  ratio  of  i  to  2,  being  3  feet  from  the  heavier  weight,  and  6  feet  fioB 
the  lighter.  In  this  example,  the  weight  of  the  bar  is  neglected;  but  it  m^ 
be  allowed  for  according  to  the  following  direction. 

For  more  than  two  bodies  connected  in  one  system,  the  common  centn 
of  gravity  may  be  found  by  finding,  in  the  first  place,  the  common  ccntr 
of  gravity  of  two  of  them,  and  then  finding  that  of  these  two  jointly  witi 
a  third,  and  so  on  to  the  last  body  in  the  group. 

Centre  of  Gyration. — Radius  of  Gyration. t— Moment  of  Inertu 

The  centre  of  gyration,  or  revolution,  is  that  point  in  a  revolving  body,  ( 
system  of  bodies,  at  a  certain  distance  from  the  axis  of  motion,  in  whic 
the  whole  of  the  matter  in  revolution  may,  as  an  equivalent  condition,  I 
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Goooeived  to  be  concentrated,  just  as  if  a  pound  of  platinum  were  substituted 
for  a  pound  of  revolving  feathers,  whilst  the  moment  of  inertia  remains  the 
The  work  accumulated  in  the  body,  of  which  the  moment  of 
is  a  measure,  remains  in  such  a  case  the  same,  at  the  same  angular 
velocity;  and,  as  a  necessary  consequence,  if  the  same  accelerating  force 
be  applied  to  the  body  at  the  centre  of  gyration,  as  would  actually  be 
expended  over  the  distributed  matter  of  the  body  to  communicate  to  it  its 
angular  velocity,  the  same  angular  velocity  would  be  generated. 

The  distance  of  the  centre  of  gyration  from  the  axis  of  motion  is  called 
the  radius  of  gyration ;  and  the  moment  of  inertia  is  equal  to  the  product 
of  the  square  of  the  radius  of  gyration  by  the  mass  or  weight  of  the  body. 

The  moment  of  inertia  of  a  revolving  body  is  found  exactly  by  ascertain- 
iqg  the  moments  of  inertia  of  every  particle  separately,  and  adding  them 
together;  or,  approximately,  by  adding  together  the  moments  of  the  small 
puts  arrived  at  by  the  subdivision  of  the  body. 

Rule  i.  To  find  the  moment  of  inertia  of  a  revolving  body.  Divide 
the  body  into  small  parts  of  regular  figure.  Multiply  the  mass,  or  the 
weight,  of  each  part  by  the  square  of  the  distance  of  its  centre  of  gravity 
from  the  axis  of  revolution.  The  sum  of  the  products  is  the  moment  of 
inertia  of  the  body. 

NoU, — ^The  value  of  the  moment  of  inertia  obtained  by  this  process 
wiQ  be  more  nearly  exact,  the  smaller  and  more  numerous  the  parts  into 
which  the  body  is  divided. 

Rule  2.  To  find  the  length  of  the  radius  of  gyration  of  a  body  about  a 
gpren  axis  of  revolution.  Dinde  the  moment  of  inertia  of  the  body  by  its 
mss,  or  its  weight,  and  find  the  square  root  of  the  quotient.  The  square 
lOot  is  the  length  of  the  radius  of  gyration;  or 


V 


; (2) 

w 


in  which  m  is  the  moment  of  inertia,  and  w  is  the  weight  of  the  body. 
NaU. — When  the  parts  into  which  the  body  is  divided  are  equal,  the 

laditis  of  gyration  may  be  determined  by  taking  the  mean  of  all  the  squares 

of  the  distances  of  the  parts  from  the  axis  of  revolution,  and  finding  the 

Kfoare  root  of  the  mean  square. 
The  following  are  useful  examples  f>f  t^e  radius  of  gvration  of  bodies: — 
Id  a  straight  bar,  or  a  thin  rectangular  plate,  revolving  about  one  of  its 

cads,  the  radius  of  gyration  is  equal  to  the  length  of  the  rod,  multiplied  by 


^f 


yi,  or  0.5775. 


In  a  straight  bar,  or  a  thin  rectangular  plate,  revolving  about  its  centre, 
the  radius  of  gyration  is  equal  to  half  the  length,  multiplied  by 


v/ 


>i,  or  0.5775. 


The  general  expres^on  for  the  radius  of  g}Tation  in  a  straight  bar  revolving 
on  any  point  of  its  length,  is 


n  whicfa  a  and  b  are  the  lengths  of  the  two  parts  of  the  bar:  that  is  to  say, 

19 
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divide  the  sum  of  the  cubes  of  the  two  parts  by  three  times  the  leng4fl| 
the  bar^  and  extract  the  square  root  of  the  quotient.  The  root  thus  foq 
is  equal  to  the  radius  of  gyration. 

Id  a  circular  plate,  a  solid  wheel  of  uniform  thickness,  or  a  solid  cylind 
of  any  length,  revolving  on  its  axis,  the  radius  of  gyration  is  equal  to  a 
radius  of  the  object,  multiplied  by 

V    >^,  or  0.7071. 

In  a  plane  ring,  like  the  rim  of  a  fly-wheel,  revolving  on  its  axis,  the  ndtgd 
of  gyration  is  approximately  equal  to  the  square  root  of  half  the  ; 
the  squares  of  the  inside  and  outside  radius  of  the  rim. 

In  a  thin   circular  plate,  put  in   motion  round  one  of  its  diametet^9 
the  radius  of  gyration  is  equal  to  half  the  radius  of  the  circle.  a 

For  the  circumference  of  a  circle,  revolving  about  a  diameter,  the  radint  J 
of  gyration  is  equal  to  the  radius  multiplied  by  0.7071. 

In  the  circumference  of  a  circle  revolving  about  its  own  axis,  ihe  radiui  i 
of  gyration  is  equal  to  the  radius  of  the  circle.  I 

In  a  solid  sphere  revolving  about  a  diameter,  the  radius  of  gjTation  til 
equal  to  the  radius  multiplied  by 


y' 


•/s,  or  0.6314. 


In  the  surface  of  a  sphere,  or  an  insensibly  thin  spherical  shell,  ihe  « 
radius  of  gyration  is  equal  to  the  radius  multiplied  by 


In  a  cone  revolving  about  its  axis,  the  radius  of  gyration  is  equal  to  the  1 
radius  multiplied  by  0.1783. 

Centre  of  Oscillation. 

The  centre  of  oscillation  of  a  body  vibrating  about  a  fixed  axis  or  cents  1 
of  suspension,  by  the  action  of  gravity,  is  that  point  in  which,  if, 
equivalent  condition,  the  whole  matter  of  the  vibrating  body  were  c 
trated,  the  body  would  continue  to  vibrate  in  the  same  time.  It 
resultant  point  of  the  whole  vibrating  energy,  or  of  the  action  of  gravity  in 
causing  oscillation.  As  the  particles  of  the  body  further  from  the  centre  of 
suspension  have  greater  velocity  of  vibration  than  those  nearer  to  it,  it  is 
apparent  that  the  centre  of  oscillation  is  more  distant  than  the  centre  of 
gravity  is  from  the  axis  of  suspension,  but  it  is  situated  in  the  centre  line 
which  passes  from  the  axis  through  the  centre  of  gravity.  It  differs  also 
from  the  centre  of  gyration  in  this,  that  whilst  the  motion  of  oscillation  is 
produced  by  the  gravity  of  the  body,  that  of  gyration  is  caused  by  some 
other  force  acting  at  one  place  only. 

The  radius  of  oscillation,  or  the  distance  of  the  centre  of  oscillation  from 
the  axis  of  suspension,  is  a  third  proportional  to  the  distance  of  the  centre 
of  gravity  from  the  axis  of  suspension  and  the  radius  of  gyration.  Hence 
the  foliou-ing  rule  for  finding  the  radius  of  oscillation : — 
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Hole  3.  To  find  the  radius  of  oscillation  in  a  body  vibrating  on  an 
BL    Square  the  radius  of  gyration  of  the  body,  and  divide  by  the  distance 
the  centre  of  gravity  from  the  axis  of  suspension.     The  quotient  is  the 
of  oscillation.     Or, 

Radius  of  oscillation  =  ^p ; — 5L^ — jr^  .    '  r- (3  ) 

distance  of  centre  of  gravity  from  axis. 

If  the  axis  of  suspension  be  in  the  vertex  or  uppermost  point  of  a  plane 
Sgae,  and  the  motion  be  edgewise,  then, 

In  a  r^t  line,  or  straight  rod,  the  radius  of  oscillation  is  two-thirds 
of  the  length  of  the  rod. 

In  an  isosceles,  or  equal-sided  triangle,  it  is  three-fourths  of  the  height 
of  the  triangle. 

In  a  circle  it  is  five-eighths  of  the  diameter. 

In  a  parabola  it  is  five-sevenths  of  the  height 

But,  if  the  oscillation  of  the  plane  figure  be  sidewise,  then. 

In  a  circle  suspended  at  the  circumference,  the  radius  of  oscillation  is 
ifaiee^ourths  of  the  diameter. 

In  a  rectangle  suspended  by  one  of  its  angles,  it  is  two-thirds  of  the 
diagonal. 

In  a  parabola  suspended  by  the  vertex,  it  is  five-sevenths  of  the  axis 
phis  one-third  of  the  parameter. 

In  a  parabola  suspended  by  the  middle  of  its  base,  it  is  four-sevenths 
of  the  axis  plus  half  the  parameter. 

In  a  sector  of  a  circle  suspended  by  the  centre,  it  is  three-fourths  of  the 
ndius  multiplied  by  the  length  of  the  arc,  and  divided  by  the  length  of  the 
chord. 

In  a  cone  it  is  four-fifths  of  the  axis,  plus  the  quotient  obtained  by 
(finding  the  square  of  the  radius  of  the  base  by  five  times  the  axis. 

In  a  sphere  it  is  two-fifths  of  the  square  of  the  radius  divided  by  the  sum 
of  the  radius  and  the  length  of  the  cord  by  which  the  sphere  is  suspended, 
phis  the  radius  and  the  length  of  the  cord.  For  example,  in  a  sphere 
16  inches  in  diameter,  suspended  by  a  cord  25  inches  long,  the  radius  of 
oscillation  is 

2x8^ 

-^  8  +  25  =  0.78  +  33  =  33.78  inches, 


5  (8  +  25) 

or  a78  inch  below  the  centre  of  the  sphere. 

It  may  be  noted  that  the  depression  of  the  centre  of  oscillation  below 
the  centre  of  the  sphere,  namely,  0.78  inch,  is  signified  in  the  first  quantity 
in  this  equation. 

TA£  Pmdulum, 

A  "simple  pendulum"  is  the  most  elementary  form  of  oscillating  body, — 
consisting  theoretically  of  a  heavy  particle  attached  to  one  end  of  a  cord, 
or  an  inflexible  rod,  without  weight,  and  caused  to  vibrate  on  an  axis  at 
the  other  end,  or  the  centre  of  suspension. 

If  an  ordinary  pendulum  be  inverted,  so  that  the  centre  of  oscillation  shall 
become  the  centre  of  suspension,  then  the  first  centre  of  suspension  will 
become  the  new  centre  of  oscillation^  and  the  pendulum  will  vibrate  in  the 
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same  time  as  before.     This  reciprocal  action  of  the  pendulum  is  a 
of  all  pendulous  bodies,  and  it  is  known  as  the  reciprocity  of  the 

The  time  of  vibration  of  an  ordinary  pendulum  depends  on  the 
the  arc  of  vibration,  and  is  greater  when  the  arc  of  vibration  is 
in  a  very  much  smaller  proportion;  and  if  this  arc  do  not  exceed  4* 
that  is  to  say,  from  2®  to  2^**  on  each  side  of  the  vertical  line,  the 
vibration  is  sensibly  the  same,  however  the  length  of  the  arc  may 
within  that  limit   This  property  of  a  pendulum,  of  equal  times  of 
is  known  as  isochronism. 

To  construct  a  pendulum  such  that  the  time  of  vibration  shall  be 
same  whatever  the  magnitude  of  the  angle  of  vibration  may  be,  it  \% 
sary  to  cause  the  pendulum  to  vibrate,  not  in  a  circular  arc,  bat 
cycloidal  curve.     For  this  object  the  pendulum  is  suspended  by  a 
thread  or  rod,  which  oscillates  between  two  cycloidal  surfaces,  on 
alternately  laps  and  unlaps  itself;  these  are  generated  by  a  cirde  of 
the  diameter  is  equal  to  half  the  length  of  the  pendulum.     By 
the  circle  o  b.  Fig.  98,  for  example,  of  which  the  diameter  is  half  the 

of  the  pendulum,  describe  the  rig^ 
left  cycloidal  curves  oca,  go' a',  on 
horizontal  line  a  a';  and  draw  the 
c  B  c',  touching  the  cycloids  at  the 
of  their  lengths.   The  half-lengths  0  c,  Oj 
are  equal  to  twice  the  diameter  of 
generating  circle  OB,  and  conseqi 
equal  to  the  length  of  the  pendulum, 
will  vibrate  in  equal  times,  on  the 
of  suspension  o,  between  the  entire 
lengths  o  c,  o  c',  or  in  any  shorter  path.     The  curve  c  ?  c'  thus  d 
by  the  pendulum,  is  itself  a  cycloidal  curve,  and  is  a  duplicate  of  the  oAcr 
cycloids.    Though  a  cycloidal  motion  of  the  pendulum  is  necessary  to  render 
it  isochronous  for  all  angles  of  vibration,  yet  taking  very  small  arcs  of  the 
cycloidal  path  on  either  side  of  the  vertical  line,  they  do  not  sensibly  diflcr 
from  the  circular  arcs  which  would  be  described  by  an  ordinary  pendulum 
of  the  same  length  (o  p)  swinging  freely.     Hence  the  reason  that  the  ordinary 
pendulum  vibrates  in  equal  times  when  its  vibrations  do  not  exceed  4*  or 
5°  in  extent 

The  length  of  the  pendulum  vibrating  seconds  at  the  level  of  the  sea 
in  the  latitude  of  London  is  39.1393  inches,  nearly  a  metre;  at  Pam 
it  is  39.1279;  at  Edinburgh  it  is  39.1555  inches;  at  New  York,  39.10153 
inches;  at  the  equator  it  is  39.027  inches,  and  at  the  pole  it  is  39.197 
inches.  Generally,  if  the  force  of  gravity,  or  the  length  of  the  seconib 
pendulum  at  the  equator  be  represented  by  i,  the  gravity,  or  the  length  oC 
pendulum  at  other  latitudes  will  be  as  follows : — 


Fig.  98. — Cycloidal  Pendulum. 


Laigth  of  Seconds  Pendulum, 

At  the  equator i. 00000 

„   30''  latitude 1.00141 

„   45        »      1.00283 

»    52         ».      1-00357 

»   60        „      1.00423 

„   90        „      (the  pole) 1.00567 


-J-. 
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rding  to  these  ratios,  the  force  of  gravity,  and  the  length  of  the 
i  pendulum,  at  the  pole,  are  Vi76^  greater  than  at  the  equator;  there 
difference  of  length  of  between  a  fourth  and  a  fifth  of  an  inch. 
foUowing  are  the  relations  of  the  lengths  of  pendulums  and  the  times 
vibrations,  that  is  to  say,  of  such  as  vibrate  through  equal  angles, 
bicdi  the  total  angle  of  vibration  does  not  exceed  4°  or  5*": — 
times  of  vibration  of  pendulums  are  proportional  to  the  square  root 
^ngths  of  the  pendulums. 

ersely,  the  lengths  of  pendulums  are  to  each  other  as  the  squares  of 
es  of  one  vibration,  or  inversely  as  the  squares  of  the  numbers  of 
ns  in  a  given  time. 

length  of  the  seconds  pendulum  at  London,  39.1393  inches,  may 
n  as  a  datum  for  calculation  apphcable  to  pendulums  of  different 
and  to  different  times  of  vibration. 

:  4.    To  find  the  time  of  vibration  of  a  pendulum  of  a  given 

Divide  the  square  root  of  the  given  length  in  inches  by  the 

xx>t  of  39- 1393*  or  6.2561.     The  quotient  is  the  time  of  a  vibration 

ids.     Or  

—, (4) 

391393     6.2561 

h  /  is  the  given  length  of  pendulum  in  inches,  and  /  the  time  of 

a  in  seconds. 

:  5.  To  find  the  number  of  vibrations  per  second  of  a  pendulum  of 

mgth.     Divide  6.2561  by  the  square  root  of  the  lengdi  in  inches. 

>tient  is  the  number  of  vibrations  per  second. 

the  number  of  vibrations  per  minute.     Divide   375.366   by  the 

root  of  the  length  in   inches.     The  quotient  is  the  number  of 

OS  per  minute.     Or 

«  =  ^561  (p^r  second); (  5  ) 

/I  =  375366  (p^  minute); (  5  ) 

ti  «  is  the  number  of  vibrations. 

\  6.    To   find   the  length  of  a  pendulum  when   the  time  of  a 
n  is  given.     Multiply  Uie  square  of  the  time  of  one  vibration  in 
;  by  39.1393.     The  product  is  the  length  of  the  pendulum  in 
Or 

/=/«x  39.1393 (6) 

J  7.  To  find  the  length  of  a  pendulum  when  the  number  of 
ns  per  second  is  given.  Divide  39.1393  by  the  square  of  the  num- 
ribrations  in  a  second.     The  quotient  is  the  length  of  the  pendulum 

s. 

Q  the  number  of  vibrations  per  minute  is  given.  Divide  140,900 
square  of  the  number  of  vibrations  in  a  minute.  The  quotient  is 
gth  of  the  pendulum  in  inches.     Or 

/^       39>i393 /y\ 

«*  (per  second)' 

l^        i4o>9<>Q        /y  \ 

ifi'  (per  minute) 
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A  pendulum  may  be  shortened  and   yet  vibrate  in  the  same 
before,  by  the  action  of  a  second  weight  fixed  on  the  pendulum  rod 
the  centre  of  suspension.     Here  the  upper  weight  counteracts  the 
and  there  is  only  the  balance  of  gravitating  force  due  to  the  p; 
of  the  lower  weight  available  for  vibrating  both  masses.     The  mass 
thus  increased  while  the  gravitating  force  is  diminished,  a  longer 
required  for  each  vibration  when  the  length  of  pendulum  remains  unali 
or  the  pendulum  may  be  shortened  so  that  the  time  of  the  vibraticms 
tinues  the  same.     By  varying  the  height  of  the  upper  weight  above 
centre  of  suspension,  and  thus  varying  the  level  of  the  common  centre 
gravity,  the  period  of  vibration  is  varied  in  proportion. 

Rule  8.  To  find  the  weight  of  the  upper  bob  of  a  compound  pendi 
necessary  to  vibrate  seconds,  when  the  w^eight  of  the  lower  bob  is 
and  the  respective  distances  of  the  bobs  from  the  centre  of  s 
Multiply  the  distance  in  inches  of  the  lower  bob  from  the  centre  of 
sion  by  39.1393,  and  from  the  product  subtract  the  square  of  that  di 
(i);   again,  multiply  the  distance  in  inches  of  the  upper  bob  from 
centre  of  suspension  by  39.1393,  and  add  the  square  of  that  distaD06' 
(2);  multiply  the  lower  weight  by  the  remainder  (i),  and  divide  by  the 
sum  (2).     The  quotient  is  the  weight  of  the  upper  bob.     Or 

a/  =  W\p_4z^ — ^         ; (8) 

(391393^^-^'^ 

« 

in  which  D  and  //  are  the  respective  distances  of  the  lower  and  upper  bow 
from  the  centre  of  suspension,  and  W,  w,  their  respective  weights. 

Thus,  by  means  of  a  second   bob,  pendulums  of  small  dimensiboi.v 
may  be  made  to  vibrate  as  slowly  as  may  be  desired.     The  metronome^ 
an  instrument   for  marking   the  time  of  music,  is  constructed  on  dut 
principle,  the  upper  weight  being  slid  and  adjusted  on  a  graduated  rod 
to  measure  fast  or  slow  movements. 

The  Centre  of  Percussion. 

If  a  blow  is  struck  by  an  oscillating  or  revolving  body  moving  about  a 
fixed  centre,  the  percussive  action  is  the  same  as  if  the  whole  mass  of 
the  body  were  concentrated  at  the  centre  of  oscillation.  That  is  to  say, 
the  centre  of  percussion  is  identical  with  the  centre  of  oscillation,  and 
its  position  is  found  by  the  same  rules  as  for  the  centre  of  oscillatioD. 
If  an  external  body  is  so  struck  that  the  mean  line  of  resistance  passes 
through  the  centre  of  percussion,  then  the  whole  force  of  percussion  is 
transmitted  directly  to  the  external  body;  on  the  contrary,  if  the  revolving 
body  be  struck  at  the  centre  of  percussion,  the  motion  of  the  revolving 
body  will  be  absolutely  destroyed,  so  that  the  body  shall  not  incline  either 
way,  just  as  if  every  particle  separately  had  been  struck. 

CENTRAL  FORCES. 

When  a  body  revolves  on  an  axis,  every  particle  moves  in  a  circle  of 
revolution,  but  would,  if  freed,  move  off  in  a  straight  line,  forming  a  tangent 
to  the  circle.  The  force  required  to  prevent  the  body  or  particle  flying 
from  the  centre  is  called  centripetal  force,  and  the  tendency  to  fly  from 
the  centre  is  caitrifugal  force.  These  forces  are  equal  and  opposiu 
examples  of  action  and  reaction — and  are  classed  as  central  farces. 
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Centrifugal  force  varies  as  the  square  of  the  speed  of  revolution. 

It  Taries  as  the  radius  of  the  circle  of  revolution. 

It  varies  as  the  mass  or  the  weight  of  the  revolving  body. 

Let  r  be  the  centrifugal  force,  w  the  weight  of  the  revolving  body, 

die  radius  of  revolution  or  gyration,  m  the  mass  of  the  body  =  ^,  in  which 
=32.2  or  gravity;  and  v  the  linear  or  circumferential  velocity;  then 

r       32.2  r 

Tint  is  to  say,  the  centrifugal  force  of  a  revolving  body  is  equal  to  the 
tight  of  the  body  multiplied  by  the  square  of  the  linear  velocity,  divided 
hf  33.2  times  the  radius  of  gyration. 

If  the  height  due  to  the  velocity  be  substituted  for  the  velocity  in  the 

above  equation,  the  height^  being  equal  to  - — ,  then 

64.4 

_ 2  wt^ _ 2  w  h 
64.4  r        r    * 

c  :w  i  \  2  h  :  r. 

Hut  is  to  say,  the  centrifugal  force  is  to  the  weight  of  the  body  as  twice  the 
ke^ht  due  to  the  velocity  is  to  the  radius  of  gyration. 

From  the  first  equation  the  following  rules  for  revolving  bodies  are 
dedaced,  for  finding  one  of  the  four  elements  when  the  other  three  are 
pen: — namely,  the  centrifugal  force,  the  radius  of  gyration,  the  linear 
velocity,  and  the  weight 

Rule  i.  For  the  centrifugal  force.  Multiply  the  weight  by  the  square 
of  the  speed,  and  divide  by  32.2  times  the  radius  of  gyration.  The  quotient 
is  the  centrifugal  force.     Or 

c= (i) 

32.2  r 

Rule  2.  For  the  linear  velocity.  Multiply  the  centrifugal  force  by  the 
ndius  of  gyration,  and  by  32.2,  and  divide  by  the  weight;  and  find  the 
square  root  of  the  quotient     The  root  is  the  velocity.     Or 


v=  aJ 


32.2  c  r 


(2) 

w 


Rule  3.  For  the  weight  Multiply  the  centrifugal  force  by  the  radius  of 
gyration,  and  by  32.2,  and  divide  by  the  square  of  the  velocity.  The 
quotient  is  the  weight     Or 

-'-'-^ (3) 

Rule  4.  For  the  radius  of  gyration.  Multiply  the  weight  by  the  square 
of  the  velocity,  and  divide  by  the  centrifugal  force,  and  by  32.2.  The 
quotient  is  the  radius  of  gyration.    Or 

r^ (4) 

J2.2  C 
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Note, — When  the  velocity  is  expressed  as  angular  velocity,  in  levolm 
per  unit  of  time,  it  is  to  be  reduced  to  linear  or  circumferential  velodtj 
multiplying  it  by  the  radius  of  gyration  and  by  6.28;  or 

2^  =  6.28  1/  r, 

in  which  v'  is  the  angular  velocity. 

By  substitution  and  reduction  in  equation  (i),  the  following  equatioo 
terms  of  the  angular  velocity  is  arrived  at : — 

0.8165  c=w  ri/', (r) 

from  which  is  found 


c- 


=  1.225  wrv^. 


(6) 


0.8165 

That  is  to  say,  the  centrifugal  force  is  equal  to  the  weight  multiplied  by 
radius  of  gyration  and  by  the  square  of  the  angular  velocity,  and  by  1.125^" 

MECHANICAL   ELEMENTS. 

The  function  of  mechanism  is  to  receive,  concentrate,  diffuse,  and  appl^* 
power  to  overcome  resistance.  The  combinations  of  mechanism  are  lam 
berless;  but  the  primary  elements  are  only  two,  namely,  the  ^z^^r  and  Aci 
inclined  plane.  By  the  lever,  power  is  transmitted  by  circular  or  zx^ffUl 
action;  that  is  to  say,  by  action  about  an  axis;  by  the  inclined  plane,  it  1^ 
transmitted  by  rectilinesd  action.  The  principle  of  the  lever  is  the  Yam  of 
i\iQ  pulley  and  the  wheel  and  axle;  that  of  the  inclined  plane  is  the  basis  of 
the  wedge  and  the  screw. 

For  the  present,  frictional  resistance  and  the  weight  of  the  mechanifll 
are  not  considered;  the  terminal  resistance  is  called  the  weight;  and  die 
elemental  mechanisms  are  to  be  treated  as  in  a  state  of  equilibrium^  k 
which  the  power  exactly  balances  the  weight  without  actual  movement 
The  action,  or  work  done,  will  be  subsequentiy  treated. 

The  Lever. 

The  elementary  lever  is  an  inflexible  straight  bar,  turning  on  an  axis  01 
fixed  point,  called  the  fulcrum;  the  force  being  transmitted  by  anguln 

motion  about  the  fulcrum,  from  the 

point  where  the  power  is  applied  to  tlM 

point  where  the  weight   is  raised,  oi 

other  resistance  overcome.     There  an 

three  varieties  of  the  lever,  accordini 

as   the   fulcrum,   the  weight,  or  tin 

power  is  placed  between  the  other  two 

but  the  action  is,  in  every  case,  re 

ducible  to  that  of  three  paiallel  forces 

in  equilibrium  (page  275). 

First  The  power  is  applied  at  one  end  a,  of  the  lever  a  b  c^  Fig.  99,  anc 

transmitted  through  the  fulcrum,  ^,  to  the  weight  at  the  other  end  c,    TIm 

moments  of  the  power  and  the  weight  about  the  fulcrum  are  equal,  or 

power  X  tf  ^  =  weight  y>b  c. 

That  is,  the  product  of  the  power  by  its  distance  from  the  fulcrum  is  equal 


Fig.  99. — Lever. 
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ffoduct  of  the  weight  by  its  distance  from  the  fulcrum.     Conse- 

power  :  weight  :  :  b  c  \  a  b^ 

the  power  and  the  weight  are  to  each  other  inversely  as  their 

e  distances  from  the  fulcrum. 

itio  of  the  length  of  the  power  end  of  the  lever  to  the  length  of  the 

nd  is  called  the  leverage  of  the  power.     The  respective  lengths, 

being  7  feet  and  i  foot,  the  leverage  is  7  to  i,  or  7. 

hree  varieties  of  the  lever  are 

together  in  Figs.  100,  loi,  and 

eaich  case,  the  lever  is  supposed 
feet  long  and  divided  into  feet 
3age,  in  the  first,  is  7  to  i,  or  7; 
cond,  8  to  I,  or  8;  in  the  third, 
or  }i :  showing  that,  in  the  first 

power  balances  seven  times  its 
3unt;  in  the  second  case,  eigh 
amount;  in  the  third  case,  only 


J. 


i 


6 

w 


t 


u 


6 


Fig.  xooi— Lever,  xst  kind. 
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Fig.  I03. — Leva-,  ^d  kind. 


th  of  itself,  because  it  is  nearer  to  the  fulcrum  than  the  weight 
:h  case  the  moments  of  the  power  and  the  weight  about  the  fulcrum 
L,  for,  in  each  case, 

Fxab  =  \Vxbc * {a) 

nnessures  exerted  at  the  extremities  of  the  lever  act  in  the  same 
ly  and  the  sum  of  them  is  equal  and  opposite  to  the  intermediate 
,  whether  it  be  that  of  the  fulcrum,  the  weight,  or  the  power  ( — ). 
is  the  pressure  on  the  fulcrum  may  be  found.  If  it  be  in  the 
the  pressure  is  equal  to  the  sum  of  the  power  and  the  weight,  that 
1^0  =  480  lbs.  in  the  example  above ;  if  at  one  end,  it  is  equal  to 
rence  of  them,  that  is,  it  is  480  —  60  =  420  lbs.  when  the  weight  is 
siddle,  and  it  is  60—7^  =  52)^  lbs.  when  the  power  is  in  the 

the  equation  for  the  equality  of  moments, 

Txab  =  Wxbc, 
orPxL    =Wx/, (b) 

L  and  /  are  the  re^)ective  distances  of  the  power  and  the  weight 
^  ftiknnn,  mles  may  be  iormed  for  finding  any  one  of  the  four 
s,  when  the  other  three  axe  given. 

I.  To  find  die  povcn  Multiply  the  weig^  by  kt  distuioc  from 
am,  and  dnride  by  die  ditfaurr  of  the  power  ftom  the  ^ikrum* 
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Or,  divide  the  weight  by  the  leverage.     The  quotient  is  the  powe& 

W/ 


P  = 


(«W 


Rule  2.  To  find  the  weight.     Multiply  the  power  by  its  distance 
the  fulcrum,  and  divide  by  the  distance  of  the  weight  fh>m  the 
The  quotient  is  the- weight. 

Or,  multiply  the  power  by  the  leverage.     The  product  is  the  weig^ 

w=?-^ .(») 

Rule  3.  To  find  the  distance  of  the*  power  fi-om  the  fulcrum, 
the  weight  by  its  distance  from  the  fulcrum,  and  divide  by  the  powen 
quotient  is  the  distance  of  the  power  from  the  fulcrum.     Or 

^=-r <3> 

Rule  4.  To  find  the  distance  of  the  weight  fi-om  the  fulcrum.  Ml 
the  power  by  its  distance  from  the  fulcrum,  and  divide  by  the  weight 
quotient  is  the  distance  of  the  weight  from  the  fulcrum.     Or 

^^    (4) 


/  = 


w 


If  the  weight  of  the  lever  be  included  in  such  calculations,  its  ii 
is  the  same  as  if  its  whole  weight  or  its  mass  were  collected  at  its 
gravity.    Thus,  if  the  lever  of  the  first  kind,  Fig.  100,  weighs  30  lbs.,  audi 
centre  of  gravity  be  at  the  middle  of  its  length,  the  weight  of  the 
co-operates  with  the  power,  at  a  mean  distance  of  3  feet  firom  the  fiilc 
By  equality  of  moments 

(P  X  7)  X  (30  X  3)  =  W  X  I  =  420  lbs.  X  I, 
and  P  X  7  =  420  -  90  =  330  lbs.; 

therefore  P,  the  power  at  th^  end  of  the  lever  required  to  balance  the 


Fig.  Z03.— Inclined  Lever. 


Fig.  io4.^IncIiiied  Lever. 


weight,  is  only  330^7  =  47.1  lbs.  in  co-operation  with  the  weight  of  the 

lever,  as  compared  with  60  lbs.,  without  reckoning  the  aid  fi-om  this  source. 

When  the  lever  is  inclined  to  the  direction  of  the  forces,  as  in  Fig.  103, 
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or  the  equality  of  moments,  may  nevertheless  be  maintained 
the  horizoQtid  line  a  b  4^  through  the  fulcrum,  to  meet  the  ver- 
tfaioogh  die  power  and  the  weight  at  a'  and  /,  the  moments  of  the 
and  Jbe  weig^  are  to  be  estimated  on  the  horizontal  lengths  a*  b,  b  ^\ 


die  moment  P  x  a'  ^  =  the  moment  W  x  ^  /. 

Hie  equality  of  moments  may  be  proved   in  another  way.      Let  the 

and  die  weight  be  resolved,  in  order  to  find  the  pressures  on  the 

of  the  lever,  at  right  angles  to  it,  and  thus  to  arrive  at  the  moments 

!  estimated  on  the  actual  length  of  the  lever.     Let  the  verticals  through 

ends  of  the  lever,  a  m  and  c  n^  Fig.  104,  represent  the  power  and  the 

It  respectively,  and  draw  a  P'  and  c  W  perpendicular  to  the  lever,  and 

Find  «  W  parallel  to  it,  completing  the  triangles  a  mYyC  n  W.    Then 

[iFandrW  are  the  components  of  the  power  and  the  weight  respectively 

to  torn  the  lever;  and,  it  may  be  added,  they  bear  the  same  rado 

I  cadi  other  as  the  power  and  the  weight     Consequendy,  if  these  com- 

Its  be  multiplied  by  the  respective  lengths  of  the  lever,  the  products 

be  the  moments  of  die  components,  and  the  moments  will  be  equal;  or 

the  moment  aY y^ab- the  moment  cW xb  c, 

Ikse  two  methods  of  analyzing  and  finding  the  moments  of  the  forces 

^""ig  on  an  inclined  lever — one,  combining  a  reduced  length  of  lever  with 
wbole  power  and  weight;  the  other,  combining  the  whole  length  of 
r  with  a  reduced  power  and  weight — ^lead  to  one  conclusion,  that  a 

;)eicr,  if  balanced  in  one  position,  is  balanced  in  every  other  position, 

:lkn  die  forces  continue  to  act  in  parallel  lines. 


^ 


6 


o 

F 


Flf .  S05.  —Bent  Lever. 


F^.  X06. — Bent  Lever. 


The  conditions  of  equilibrium  in  a  bent  lever  may  be  defined  similarly. 
t  the  lever  a  b  c.  Fig.  105,  be  bent  at  the  fulcrum  b;  draw  the  horizontal 
i^ b  /f  then  the  moments  of  the  power  and  the  weight  are  reckoned 
the  lines  i/  b,  b^y  and  they  are  equal  to  each  other;  or 

Px^r'^  =  Wx^/. 
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Again,  let  the  forces  acting  on  a  lever,  whether  straight  or 
otherwise  than  vertical  or  parallel  When  the  arms  of  the  lei 
right  angles,  and  the  power  and  the  weight  applied  at  right  aii| 
arms,  as  in  Fig.  io6,  the  moments  are  reckoned  directly  on  the  an 
as  in  a  straight  lever;  and 

the  moment  P  x  ^  ^  =  the  moment  W  x  ^  r. 

The  thrust,  or  pressure  on  the  fulcrum,  is  in  this  case  less  than  t 
the  power  and  the  weight;  and  it  may  be  determined  by  cons 

paraUdogram  upon  the  two  an 
lever,  the  arms  representing  inv 
respective  forces.  That  is,a^ 
the  magnitude  and  direction  of  1 
W,  and  ^  c  those  of  the  power 
diagonal  d  Vy  of  the  parallelogi 
sents  the  magnitude  and  direct 
third  force  acting  at  the  fulcrum 
the  other  two  and  maintain  equil 
When  the  same  lever  is  tUta 
oblique  position,  the  power  con 
act  horizontally  on  the  lever, 
draw  the  vertical  b'  d  through  th 
the  lever,  and  produce  the  power  line  apKo  meet  it  at  I/.  Coi 
parallelogram  a!  1/  cf  b;  then  the  sides  a'  b  and  ^  ^  are  the  pap 
to  the  directions  to  the  power  and  weight,  on  which  the  mo 
reckoned,  so  that 

the  moment  P  x dr' ^  =  the  moment  W  xb  /, 

The  diagonal  ^  ^'  is  the  resultant  force  at  the  fulcrum. 


Fig.  107. — Bent  Lever. 


Fig.  108. — Bent  Lever. 


Fig.  X09. — Serpent 


If  the  power  do  not  act  horizontally,  but  in  some  other  dire 
Fig.   108,  produce  the  power-line  pa  and  draw  ba'  perpendic 
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^/ as  before;  then  the  moments  are  reckoned  on  the  perpendiculars 
7,  and,  as  bdbre, 

find  the  resultant  force  at  the  fulcrum.  On  the  fulcrum  ^  as  a  centre 
ibc  arcs  of  drdes  with  the  radii  b  of  and  b  ^,  and  draw  baf^b(f 
itivdy  parallel  to  the  directions  of  the  weight  and  the  power,  to  cut 
ics  at  tf*  and  c'.  Complete  the  parallelogram,  and  the  diagonal  b  if 
sents  in  magnitude  and  direction  the  resultant  force  at  the  fulcrum, 
diis  solution  the  power  and  the  weight  are  assumed  to  act  exactly, 
nibly,  in  the  same  plane. 

lin,  in  the  serpentine  lever  a  b  c^  Fig.  109,  supposed  to  be  a  pump- 
le,  Ac  power  P  is  applied  obliquely  in  the  direction  a  P.  Produce 
nd  W  ^,  and  draw  tiie  perpendiculars  b  af^  b  (f  from  the  fulcrum  for 
ngdis  of  the  moments,  then 

Dstnict  the  parallelogram,  as  in  the  forgoing  figure,  and  the  diagonal 
epresents  the  resultant  force  at  the 
m. 

similar  treatment  the  action  of  the 
in  levers  of  the  second  and  third 
may  be  analyzed.  The  lever  of  the 
I  kmd, a  c  b.  Fig.  no,  in  an  oblique 
o,  is  acted  on  horizontally  by  the 
and  the  weight  at  a  and  c;  draw 
tical  b  (f  afy  then  b  c*  and  b  c^  are 
tances  at  which  the  forces  act  from 
cram,  or  the  lengths  of  the  mo- 
ind 

Px^tf'^Wx^^; 

;  horizontal  resultant  force  at  the  fulcrum  is  equal  to  the  difference 

reight  and  the  power. 

Mre  than  two  forces  be  applied  to  a  lever  in  a  state  of  equilibrium, 

I  of  the  moments  tending  to  turn  the  lever  in  one  direction  is  equal 

am  of  those  tending  in  the  opposite  direction. 

0  or  more  levers  are  connected  consecutively  one  to  the  other,  so 

y  act  as  one  system,  with  the  power  and  the  weight  at  the  extremi- 

n,  in  equilibrium,  the  ratio  of  the  power  to  the  weight  is  the  product 

!parate  inverse  ratios  of  all  the  levers.    For  example,  in  a  connected 

f  three  levers,  having  each  their  arms  in  the  ratio  of  2  to  i,  the 

id  inverse  ratio  is  found  by  multiplying  2  by  2  and  by  2 ;  thus 

first  lever 2  to  i  ratio, 

second  lever 2  to  i  ratio, 

third  lever 2  to  i  ratio, 


Fig.  xxo. — Lerer  of  the  ^  kmd. 


compound  ratio 8  to  i. 

die  power  is  to  the  weight  as  i  to  8. 
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The  Pulley. 

The  pulley  is  a  wheel  over  which  a  cord,  or  chain,  or  band  is  passe 
order  to  transmit  the  force  applied  to  the  cord  in  another  direction, 
equivalent  to  a  continuous  series  of  levers,  with  equal  arms  on  one  M 
or  axis,  and  affords  a  continuous  circular  motion  instead  of  the  intecmi 
circular  motion  of  one  lever.  The  weight  W,  Fig.  iii,  is  sustained  b 
power  P,  by  means  of  a  cord  passed  over  the  pulley  A,  in  fixed  sap) 
and  the  centre  line  adc  represents  the  element  of  the  lever,  fh>m  the 
of  which  the  power  and  the  weight  may  be  conceived  to  depend,  tn 
on  the  fulcrum  d.  By  equality  of  moments,  Pxtf^  =  Wx^^/  and 
arms  or  radii  a  b^b  c  being  equ^d,  the  power  is  equal  to  the  weight,  an 
counter-pressure  at  the  fulcrum  is  equal  to  twice  the  weight 

When  the  power  and  weight  act  in  directions  at  an  angle  with  each  c 
as  in  Fig.  112,  the  acting  radii  ab,  be,  representing  the  element  of  a 


KT 


Fig.  txx. — Pulley. 


Fig.  1x2. — Pulley. 


Fig.  113.— Pull 


lever,  are  lines  drawn  from  the  centre  perpendicular  to  the  directions  < 
power  and  weight  The  power  is  equal  to  the  weight,  but  the  co 
pressure  on  the  fulcrum  is  less  than  twice  the  weight,  and  is  represent 

the  diagonal  bl/  oi  the  parallelogram  formed  1 
radii  ba'y  b(f^  drawn  from  the  fulcrum  parall 
the  directions  of  the  power  and  the  weight  r« 
tively. 

Another  construction  for  the  parallelogra 
forces  in  the  action  of  the  pulley  is  obtain< 
producing  the  directions  of  the  power  and  the  ^ 
beyond  tfie  pulley,  Fig.  113,  intersecting  each 
at  V^  then  forming  the  parallelogram,  and  dr 
the  diagonal  b'  If  2&  the  resultant  pressure  o 
fulcrum. 

Thus  the  single  fixed  pulley  acts  like  a  lever 
first  kind,  and  simply  changes  the  direction  of 
without  modifying  the  intensity  of  the  power. 

But  the  pulley  may  be  employed  as  a  lever  < 
second  kind  by  suspending  the  weight  to  th< 
of  the  pulley,  and  fixing  one  end  of  the  cord  to  a  point  as  a  fu 
point.     Thus,  in  Fig.  114,  the  weight  W  is  suspended  from  the  i 


Fig.  1x4.— Movable  Pulley, 
as  a  lever  of  the  2d  kind. 
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ti  is  fixed  to  the  point  Vy  and  the  power  P  acts  through  the  diameter 
I  which  b  is  the  fulcrum.     By  equality  of  moments, 

,  the  product  of  the  power  by  the  diameter  of  the  pulley  is  equal  to 

xinct  of  the  weight  by  the  radius  of  the  pulley, 

le  leverage  being  as  2  to  i,  the  power  is  only 

e  weight 

icdi^  as  a  lever  of  the  third  kind,  the  power  is 

i  to  the  axis  fl,  Fig.  115,  one  end  of  the  cord 

fixed  at  ^,  and  the  weight  attached  at  the  other 

:    In  this  case,  by  equality  of  moments  the 

ct  of  the  power  by  the  radius  of  the  pulley  is 

to  that  of  the  weight  by  the  diameter,  and  the 

ge  being  as  i  to  2,  the  power  is  twice  the  weight. 

2se  demonstrations   with   respect    to   movable 

3  only  apply  to  cases  of  parallel  cords;  that  is 

•,  when  the  direction  of  the  power  is  parallel  to 

»f  the  weight   If,  on  the  contrary,  they  be  inclined 

ch  other,  as  in  Fig.  116,  in  which  the  weight  is  suspended  by  the 

the  power  becomes  greater  than  half  the  weight,  as  is  shown  by  the 

el(^ram  of  which  the  diagonal  (f  d*  represents  the  weight,  and  the 

dV^<f  <f^  the  pull  on  the  fulcrum,  and  the  power  exerted  to  sustain 

eight     Each  of  these  sides  is  greater  than  half  the  diagonal. 


VWf\VVVSit^kkWWkW<kW'#^k'iJJl 


Fig.  1x5.— Movable  Pulley, 
as  a  lever  of  the  3d  kind. 


Fig.  X16. — Movable  PuHey. 


Fig.  117. — PuUey-Blocks. 


hifuUions  of  Pulleys, — Fast  and  Loose  Pulleys. — In  these  last  two 
.tions  of  the  pulley,  it  becomes  movable  when  in  action,  and  by  corn- 
two  or  more  movable  pulleys  on  the  same  or  different  axles  in  one 
with  one  cord,  the  gain  of  power  may  be  increased  in  the  same  pro- 
The  movable  block  A^  Fig.  117,  carrying  the  weight,  is  used 
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with  a  fixed  counterpart  B,  the  rope  is  attached  by  one  end  to 
block,  and  is  passed  over  the  movable  and  fixed  pulleys,  from  one 
other  in  succession,  the  power  being  applied  to  the  other  end,  \ 
This  system  is  known  as  fast  and  loose  pulley-blocks. 

The  fixed  end  of  the  rope  is  sometimes  attached  to  the  movaUe 

Rule  i.  To  find  the  power  necessary  to  balance  a  weight  or 
by  means  of  a  system  of  fast  and  loose  pulleys.     Divide  the  weight 
number  of  ropes  by  which  it  is  carried;  that  is,  the  number  of  r(q>et 
proceed  from  the  movable  block.     The  quotient  is  the  power 
balance  the  weight. 

When  the  fixed  end  of  the  rope  is  attached  to  the  fixed  block,  the 
ber  of  ropes  proceeding  from  the  loose  block  is  twice  the  number  of 
able  pulleys,  and  the  power  may  be  found  by  dividing  the  weight  by 
the  number  of  movable  pulleys. 

When  the  end  of  the  rope  is  attached  to  the  movable  block,  the 
may  be  taken  at  twice  the  number  of  movable  pulleys  plus  i. 

Or,  putting  n  for  the  number  of  movable  pulleys;  if  the  fixed  end 
rope  is  attached  to  the  fixed  block. 


?=: 


W 

2// 


(I) 


and  if  the  fixed  end  of  the  rope  be  attached  to  the  movable  block, 

W 


P  = 


2  n+  1 


(") 


Rule  2.  To  find  the  weight  or  resistance  that  will  be  balanced 
given  power,  by  means  of  a  system  of  fast  and  loose  pulleys.     Mult^^ 

power  by  the  number  of  ropes  proceeding  from 
movable  block.   The  product  is  the  required 

Or,  when  the  rope  is  attached  to  the  fixed 
multiply  the  power  by  twice  the  number  of  m< 
pulleys. 

Or,  when  the  rope  is  attached  to  the  mo^ 
block,  multiply  the  power  by  twice  the  number 
movable  pulleys  plus  i. 

Or,  in  the  first  case, 

W  =  2«P; (2) 


in  the  second  case, 

W  =  (2«+l)  P. 


(2a) 


Fig.  1x8.— Movable  Pulleys. 


Again,  a  combination  may  be  formed  of  a  nunhlie: 
ber  of  movable  pulleys,  as  in  Fig.  118,  each  of  which,  fe 
A,  B,  C,  is  suspended  by  a  cord,  with  one  end  fixed  ^1. 
to  the  roof  and  the  other  end  fixed  to  the  axis  of  * 
the  next  pulley.     The  weight  W  is  hung  to  the  azb 
of  the  first  pulley  A,  which  delivers  half  the  weight  to  the  second  pulley  fi^ 
which  delivers  half  of  the  weight  hanging  to  it,  or  one-fourth  of  the  fint 
weight  W,  to  the  third  pulley  C;  from  which  only  one-eighth  of  the  fiist 
weight  passes  over  the  guide  or  neutral  pulley  D  to  the  power  P.     In  ] 
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the  divisor  for  the  power  is  2",  or  the  nth  power  of  2,  //  being  the 
of  movable  pulleys. 
Rule  3.  To  find  the  power  necessary  to  balance  a  weight  by  means  of  a 
of  separate  movable  pulleys,  with  separate  cords  consecutively  con- 
as  above  described.  Divide  the  weight  by  that  power  of  2  of  which 
is  the  number  of  movable  pulleys.  The  quotient  is  the  power  or 
lequired  to  balance  the  weight 
Or,  divide  and  subdivide  the  weight  successively  by  2  as  many  times  as 
are  movable  pulleys  to  find  the  power  required.     Or 


P  = 


W 


(3) 


i 

I  Rule  4.  To  find  the  weight  that  can  be  balanced  by  a  given  power,  by 
neans  of  a  system  of  separate  movable  pulleys  as  above  described.  Mul- 
bljtlie  power  by  that  power  of  2  of  which  the  index  is  the  number  cf 
r«ovable  pulleys.  The  product  is  the  weight  required. 
1^  Or,  multiply  the  power  successively  by  2  as  many  times  as  there  are 
r  foUeys.    Or 


W=PX2" 


(4) 


Atf//. — It  is  necessary  that  the  cords  should  be  parallel  to  each  other, 
I  as  in  the  fllustration,  in  order  that  the  above  rules,  3  and  4,  may  apply. 


Wheel  and  Axle. 

I 

The  wheel  and  axle  may  be  likened  to  a  couple  of  pulleys  of  different 
I  doDDeters  united  together  on  one  axis,  of  which  the  laiger,  a^  Fig.  1 19  Js  the 
'  filed,  and  the  smaller,  ^,  the  axle,  with  a  common  ful- 
cmm,  d;  the  centre  line  adc  representing  the  elements  of 
I  lever.  The  weight  W  on  the  axle  at  c  is  balanced  by 
Ae  power  P,  on  the  wheel  at  a.  Tlie  moments  are  equal, 
or 

md  the  power  is  to  the  weight  inversely  as  their  distances 
fiom  the  centre;  or 

U  a  crank  handle  be  substituted  for  the  wheel,  making 
a  windlass,  the  radius  of  the  crank  is  substituted  for  that 
of  the  wheel  in  estimating  the  ratio  of  the  forces. 

Of  the  four  elements,  namely,  the  radius  of  the  wheel  or  crank,  the  radius 
of  the  axle  or  roller,  the  power,  and  the  weight,  if  three  be  given,  the  fourth 
cm  be  found  as  follows,  putting  R  and  r  for  the  respective  radii. 

Rule  i.  To  find  the  power.  Multiply  the  weight  by  the  radius  of  the 
sde,  and  divide  by  the  radius  of  the  wheel.  The  quotient  is  the  power. 
Or 


I  ig.  1x9.— Wheel 
aiiU  Axle. 


R 


(i) 


Role  2.  To  find  the  weight     Multiply  the  power  by  the  radius  of  the 
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wheel,  and  divide  by  die  radius  of  the  axle.     The  quotient  is  the 
Or 

R 


W  =  Px 


(^) 


Rule  3.  To  find  the  radius  of  the  wheel.     Multiply  the  weight  by 
radius  of  the  axle,  and  divide  by  the  power.     The  quotient  is  the  radmii 
the  wheel     Or 

K  =  ^^ (3) 


Rule  4.  To  find  the  radius  of  the  axle.     Multiply  the  power  by 
radius  of  the  wheel,  and  divide  by  the  weight     The  quotient  is  the 
of  the  axle.     Or 

PR  ,    . 
(4) 


r  = 


W 


Note. — The  diameters  of  the  wheel  and  the  axle  or  roller  may  bd 
iployed  in  the  calculations  instead  of  the  radii.  ' 


employed 


Inclined  Plane. 


The  inclined  plane  is  a  slope,  or  a  flat  surface  inclined  to  the  horizon,  <lf 
which  weights  may  be  raised.  By  such  substitution  of  a  sloping  path  ftlj 
a  direct  vertical  line  of  ascent,  a  given  weight  can  be  raised  by  a  poMi 
which  is  less  than  the  weight  itself. 

There  are  three  elements  of  calculation  in  the  inclined  plane: — the  [daillE 
itself,  A  B,  Fig.  120;  the  base,  or  horizontal  length,  A  C;  and  the  hei^tci 

vertical  rise  B  C ;  together  forming  a  v^ 
angled  triangle.  The  weight  W  is  to  bij 
raised  through  a  height  equal  to  C  B,  aa| 
for  that  object  is  drawn  up  the  slope  firari 
A  to  B.  It  is  partly  supported  during  Ae 
ascent,  and  it  is  in  virtue  of  this  d^ree  d 
support  given  to  the  weight  that  such  1 
''dead  pull"  as  that  of  a  direct  vertiol 
lift  is  avoided,  and  that  it  can  be  raised 
by  a  power  much  less  than  its  own  weig^ 
Let  the  weight  W  be  kept  at  rest  on  tin 
incline  by  the  power  P,  acting  in  the  line  b  P',  parallel  to  the  plane.  Drai 
the  vertical  line  ^^  to  represent  the  weight;  also  bU  perpendicular  to  th< 
plane,  and  complete  the  parallelogram  b'  c.  Then  the  vertical  weight  hi 
is  equivalent  to  b  b\  which  is  the  measure  of  support  given  by  the  plane  K 
the  weight,  and  b  r,  which  is  the  force  of  gravity  tending  to  draw  the  wei|^ 
down  the  plane.  The  power  required  to  maintain  the  weight  in  equilibritto 
is  represented  by  this  force  be.  Thus,  the  power  and  the  weight  arc  11 
the  ratio  of  be  to  b  a. 

Since  the  triangle  of  forces  abc  is  similar  to  the  triangle  of  the  indin 
ABC,  the  latter  may  be  substituted  for  the  former  in  determining  dM 
relative  magnitude  of  the  forces,  and 

F  :W  ::  be  :  ab  ::  BC  :  AB, 


Fig.  120.— Inclined  Plane 
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Ptt  is,  the  power,  acting  parallel  to  the  inclined  plane,  is  to  the  weight,  as 
■k  height  of  the  plane  to  its  length.     Then,  by  equality  of  moments, 

PxAB  =  WxBC, 

■V  P  X  length  of  inclined  plane  =  W  x  height  of  inclined  plane (a) 

Tor  example,  take  the  length  of  the  inclined  plane,  24  feet;  the  height, 
Im  feet;  and  the  weight  to  be  raised,  360  lbs.  The  power  required  to 
ffeahnce  the  weight  is  equal  to  360  x  2  -f-  24  =  30  lbs. 

Again,  the  base,  A  C,  of  the  inclined  plane,  represents  the  element  of 
i  "Ae  pressure  of  the  weight  on  the  inclined  plane. 

?     It  is  thus  seen  that  the  sides  of  the  triangle  formed  by  an  inclined  plane, 
F^base,  and  its  height,  are  respectively  proportional  as  follows: — 


t 


The  inclined  plane  to  the  weight  at  rest  on  the  plane. 

The  base  to  the  pressure  of  the  weight  on  the  plane. 

The  height  to  the  power  acting  parallel  to  the  plane. 


When  the  power  acts  in  a  direction  parallel  to  the  base,  as  in  Fig.  1 2 1 ,  in 
lAich  the  power  P  supports  the  weight 
■Win  the  direction  dP*,  parallel  to  the 
^hse;  draw  the  vertical  da  to  represent 
tte  weight,  and  the  line  dd'  perpen- 
Aaolar  to  the  incline,  and  complete  the 
:  ynlldogram  d'  c.  The  weight  b  a,  de- 
^composed,  is  equivalent  to  b  U,  the  per- 
ifendicular  to  the  incline,  representing 
^Ik  ixessure  6L  the  weight  upon  the 
flme,  and  b  c^  the  force  of  traction,  or 
Ae  power  P.  Here  the  pressure  ^  ^  on 
Ae  plane  is  greater  than  the  weight,  and 
jle  power  ^^  is  greater  than  when  the  line  of  traction  is  parallel  to  the 


Fig.  131.— Inclined  Plane. 


The  triangles  tf  3  r,  A  B  C,  being  similar,  the  ratios  of  the  power  and  the 
K^t  are  as  follows: — 

P  :  W  ::  ^r  :  d5^  ::  BC  :  AC; {b) 

Ite  is»  they  are  to  each  other  as  the  height  of  the  plane  to  its  base;  and 
'  Ae  inclined  plane,  the  base,  and  the  height,  are  respectively  proportional 
afcHows: — 

The  inclined  plane  to  the  pressure  of  the  weight  on  the  plane. 
The  base  to  the  weight  at  rest  on  the  plane. 

The  height  to  the  power  acting  parallel  to  the  base. 

If  the  power  be  applied  in  any  direction  above  that  which  is  parallel  to 
Ae  indine,  though  the  pressure  of  the  weight  on  the  plane  will  be  less  than 
Ae  weight  itself,  yet,  as  in  the  previous  case,  the  power  is  greater  than  is 
Koessaiy  when  it  acts  in  a  direction  parallel  to  the  plane.  Thus,  in 
1%.  i22y  in  which  the  power  P  acts  at  a  divergent  angle  in  the  direction 
4 P,  draw  the  vertical  ha,  the  perpendicular  bV^  to  the  plane,  and  the 
atension  of  the  power  line  to  c,  and  complete  the  parallelogram.  Then, 
Ae  weight  is  represented  by  b  a,  the  pressure  on  the  incline  by  b  b\  and  the 
power  1^  alf  OT  be. 
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Fig.  132.— Inclined  Plane. 


For  comparison,  the  parallelogram  that  would  represent  the  id 
forces  arising  from  a  power  acting  parallel  to  the  plane,  is  added  a 
figure  in  dotted  lines  extending  to  the  angles  b"  and  <f.     It  shows  tfai 

pressure  on  the  planetsgp 
than  when  the  power : 
vergent,  but  that  the  | 
is  less. 

It  follows  that  die  Ii 
the  inclined  plane,  whe 
height  is  the  same,  the  1 
the  power  required  to  fai 
the  weight;  in  fact, the] 
simply  varies  in  the  in 
ratio  of  the  length  o 
plane. 

If  two  inclines,  A  I 

B  D,  of  unequal  length 

the  same  height,  be  n 

back  to  back  on  die  lim 

then  two  weights,  W  an 

on  the  respective  planes,  connected  by  a  cord  over  a  pulley  at  die  sa 

B,  will  balance  each  other,  when  they  are  in  the  ratio  of  the  lengths  c 

planes  on  which  they  rest     That  is, 

W  :  W  : :  A  B  :  B  D. 

From  the  formula  ( a ),  rules  may  be  formed  for  finding  one  of  the  folic 
four  elements  when  the  other  three  are  given,  namely,  the  length  o 

inclined  plane,  the  hag 
it,  the  weight,  and  the  j 
to  balance  the  weight 
acting  in  a  direction  pa 
to  the  incline. 

Rule  i.  To  find  the  p 
Multiply  the  weight  bj 
height  of  the  plane,  andc 
by  the  length.  The  qu< 
is  the  power. 

Rule  2.  To  find  the  weight  Multiply  the  power  by  the  lengdi  c 
plane,  and  divide  by  the  height     The  quotient  is  the  weight 

Rule  3.  To  find  the  height  of  the  inclined  plane.     Multiply  the  \ 
by  the  length,  and  divide  by  the  weight     The  quotient  is  the  height 
Rule  4.  To  find  the  length  of  the  inclined  plane.     Multiply  the  i» 
by  the  height  of  the  plane,  and  divide  by  the  power.     The  quotient 
length. 

Identity  of  the  Inclined  Plane  and  t/ie  Letter, 

Though  the  inclined  plane  is  distinguished  from  the  lever  in  the  m< 
operation,  inasmuch  as  there  is  no  motion  about  a  mechanical  centre, 
the  lever,  yet  the  conditions  of  equilibrium  on  the  inclined  plane  no 
established  on  the  principle  of  the  lever.  Suppose  a  round  weight  ^ 
at  rest  on  the  incline  A  B  by  a  power  P  parallel  to  the  incline,  p 


Fig.  123. — Double  Inclined  Plane. 


LEVERAGE  ON  THE  INCLINED   PLANE. 
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the  centre  a.     Draw  a  b  perpendicular  to  the  incHne;  the  point  b 
point  of  contact  of  the  weight  with  the  incline.     Draw  the  vertical 
\%i^  and  the  perpendicular  ^r  to  it     Then  the  lines  ab,  be  form  a  bent 

^bCj  of  which  b  is  the  fulcrum,  and 

,ir  the  arms     The  weight  acts  at  the 

c  oi  the  short  arm,  and  the  power 

^Ihe extremity  a  of  the  long  arm;  and  the 

and  the  weight  are  to  each  other 

as  the  relative  arms  of  the  lever, 

be  Now, as <j^^ and  AB  C  are  similar 

the  arms  ab,  bcBLre  to  each  other 

die  length  and  the  height  A  B,  B  C,  of 

iodine,  and 

?  :\V  ::  be  :  ab  ::  BC  :  AB; 


Fig.  134. — Leverage  on  an  Inclined  Planu*. 


&B,  the  power  is  to  the  weight  as  the  height  of 
h,  which  is  the  proportion  already  established 
[■  The  ratio  of  the  length  of  an  inclined  plane  to 
leverage  of  the  plane,  and  the  products  of  the 
plane,  and  of  the  weight  into  the  height  of  the 
foments  of  the  power  and  the  weight 

Suppose,  again,  that  the  power  is  applied  at  P, 
#P,  passed  round  and  over  the  weight  parallel 


the  inclined  plane  to  its 

( a )  page  307)- 
its  height  may  be  called 
power  into  the  length  of 
plane,  may  represent  the 

Fig.  125,  through  a  cord 
to  the  incline;  then  the 


C  A 

V'g.  195. — Lererage  on  an  Incliiicd  Phme. 


Fig.  126. — Wedge. 


ameter  of  the  weight  a  b  becomes  the  long  arm  of  the  lever  a  be,  through 
fiich  the  power  acts,  being  double  the  length  of  the  arm  ab^  Fig.  124, 
icre  the  power  is  applied  at  the  centre  of  the  weight.  By  thus  doubling 
J  leverage,  the  power  is  halved,  and  the  ratio  of  the  power  to  the  weight 
as  half  the  height  of  the  plane  to  its  length. 

Id  this  case  there  is  the  action  of  a  movable  pulley  combined  with  an 
lined  plane ;  the  rolling  weight  moved  by  a  cord  lapped  round  it,  repre- 
iting  a  movable  pulley  with  the  weight  attached  to  the  axle.  Thus  the 
erage  of  the  power  on  the  inclined  plane  can  be  doubled. 

The  Wedge. 

rhe  wedge  is  a  pair  of  inclined  planes  united  by  their  bases,  or  "  back  to 
i,"  as  A  B  C  B',  Fig.  126.   Whereas  inclined  planes  are  fixed,  wedges  are 
ved,  and  in  the  direction  of  the  centre  line  C  A,  against  a  resist?' 
lally  acted  on  by  both  planes  of  the  wedge.     The  function  of  the  \fi 
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is  to  separate  two  bodies  by  force,  or  divide  into  two  a  single  body, 
some  cases  the  wedge  is  n1o^'ed  by  blows,  as  in  splitting  timber;  in  oA 
it  is  moveil  by  pa'ssure.     The  action  by  simple  pressure  is  now  to  beo 
sidcTcd. 

The  pressure  P  is  applied  to  a  wedge  at  the  head  B  E'  at  right  anglad 
the  surface,  aiid  the  resistance  or  "  weight "  to  be  overcome  is  opposed  ^ 
the  wedge  and  acts  at  right  angles  to  the  faces  A  B,  A  B',  at  the  midi— 
|H)ints  of  which,  ir.  <7,  it  is  supposed  to  be  concentrated.  \Yhilst  the  woWi 
and  the  power  niu\-e  through  a  sjiace  equal  to  the  length  of  the  wedge  A^ 
the  weight  is  moved  or  overcome  through  a  space  equal  to  the  breadth  ■{ 
the  wedge  B  B  i  and,  as  the  power  is  to  the  weight  inversely  as  the  qne^ 
described,  they  are  to  each  other  directly  as  the  breadth  to  the  length  oM 
the  wedge.     That  is, 

P  :  \V  :  :  B  B'  :  A  C, 
and  the  product  of  the  power  by  the  length  of  the  wedge  is  equal  to  die 
product  of  the  weight  by  the  breadth  of  tlw  wedge ;  or 
P«AC  =  \VxBB, 


or  P  ■  Imglh  =  Vi"  K  breadth  of  wedge  . . 


■  (O 


;  aid  of  the  parallelogram  the  same  conclusions  are  arrived  IL 

Rg.  ijfi.  produce  the  directions  of  the  tno  resistances.  Wir.W^to 

■  (be  middle  of  the  wedge  at  ^,  complete  the  parallelogram,  and  dinr 

{^  and  ^^.     The  dia^nal  bl>'  is  the  resultant  of  the  t«g 

od  represents  the  pressure  on  the  hcnd  of  the  wedge.    Agai^ 

t»b{,  whilst  it^  represents,  in  ni,v.-y^:tude  and  direction,  the 

tfKSUte  of  the  resistance  on  the  sci^'ije.  a  c.  which  is  peipen- 

^  centre  line  of  tbe  wedge,  represents,  in   magnitude  ud 

toibnx  apiptied  in  overcoming  the  resistance.     The  ratio  of  dit 

B  weigh!  IS  therefore  3&hb'  loac.     And.  as  the  triangle  abb"* 

gaiugle  ABB'. 

3  F  :  A  C; 

is  to  the  « 

toUowifig  rules  for  wedges  a 
ftfivm  impaO,  are  deduced. — 

'  t  find   the  wei^t  ot  transtene  redstance.     Muldply  Ai 
h  of  the  wedge,  and  divide  by  the  bradih  of  the  bod 


to  the  wvi^t  OS  the  breadth  of  the  wedge  to  its  lei^idi 
ft  (  f  I.  the  foUo  ■         -     -  - 


Mnh^  the  weight  or  tnnsnise 
A  findc  by  tbe  lengdi  t£  the  wedge. 


Multqily  the  weight  by  tht 
TCT.     "nie  quotient  is  thi 


I 


Mohiply  the  power  br  thi 
~    qnooem  is  the  bneadtl 


THE  SCREW. 
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2.  The  power  may  be  applied  at  the  point  of  the  wedge  by  drawing, 
prtead  of  at  the  head  by  pressing. 

3.  The  power  may  be  applied  in  a  direction  parallel  to  one  of  the  sides 
gf  the  wedge,  and  the  relation  of  the  power  to  the  weight  may  be  found  by 
tOBStmctioiiy  in  the  same  manner  as  for  the  inclined  plane,  when  the  power 
iiapplied  in  a  direction  parallel  to  the  base.    See  proportion  ( b ),  page  307. 

The  Screw. 

Tlic  screw  is  an  inclined  plane  lapped  round  a  cylinder.     Take,  for 
fwople,  an  inclined  plane  ABC,  Fig.  127,  and  bend  it  into  a  circular  form, 
on  its  base,  Fig.  128,  so  that  the  ends  meet     The  incline  may  be 


Fig.  X97. 

continued  winding  upwards  round  the  same  axis,  and  thus  winding  or 
kdical  inclined  planes  of  any  required  length  and  height  may  be  con- 
dnicted.  The  helix  thus  arrived  at  being  placed  upon  a  solid  cylinder, 
ad  the  dead  parts  of  the  helix  removed,  the  product  is  an  ordinary  screw. 
Bic  inclined  fillet  is  the  "  thread  "  of  the  screw,  and  the  screw  is  called 
'otemaL"  But  the  thread  may  also  be  applied 
Ufain  a  hollow  cylinder,  and  then  it  is  "  internal," 
■di  as  an  ordinary  "  nut  "is. 

The  distance  of  two  consecutive  coils  apart, 
■etsured  from  centre  to  centre,  or  from  upper  side 
D  upper  side, — ^literally  the  height  of  the  inclined 
hue, — for  one  revolution,  is  tfie  "pitch"  of  the 

OeW.  Fig.  ia8. 

The  effect  of  a  screw  is  estimated  in  terms  of  the 

Mch  and  the  radius  of  the  handle  employed  to  turn  either  it  or  the  nut, 
K  on  the  other;  and  the  leverage  of  the  power  is  the  ratio  of  the  circum- 
TCBoe  of  the  dzcle  described  by  the  power  end  of  the  handle  to  the  pitch, 
ke  ndios  is  to  be  measured  to  the  central  point  where  the  power  is 


fCTT" 


cocnmfaneikce  being  equal  to  the  radius  multiplied  by  twice  3.1 416, 


P  :  W  ::/  :  rx6.28, 
die  pitch  and  r  the  radius;  also 


6.28Pr=Wx/; 


{^) 


roduct  of  the  power  by  the  radius  of  the  handle  is 
ihe  weight  by  the  pitch.  Whence  the  following 
er  of  a  screw,  for  finding  any  one  of  those  four 

*  three  are  given : — 

the  power.     Multiply  the  weight  by  the  pitc" 


THE  SCREW. 
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2.  The  power  may  be  applied  at  the  point  of  the  wedge  by  drawing, 
tead  of  at  the  head  by  pressing. 

J.  The  power  may  be  applied  in  a  direction  parallel  to  one  of  the  sides 
die  wedge,  and  the  relation  of  the  power  to  the  weight  may  be  found  by 
istruction,  in  the  same  manner  as  for  the  inclined  plane,  when  the  power 
qiplied  in  a  direction  parallel  to  the  base.    See  proportion  (d),  page  307. 

The  Screw. 

The  screw  is  an  inclined  plane  lapped  round  a  cylinder.  Take,  for 
ample,  an  inclined  plane  ABC,  Fig.  127,  and  bend  it  into  a  circular  form, 
ating  on  its  base.  Fig.  128,  so  that  the  ends  meet     The  incline  may  be 


Fig.  xar. 

coBtoued  winding  upwards  round   the  same  axis,  and  thus  winding  or 

.l&al  inclined  planes  of  any  required  length  and  height  may  be  con- 

teA   The  helix  thus  arrived  at  being  placed  upon  a  solid  cylinder, 

the  dead  parts  of  the  helix  removed,  the  product  is  an  ordinary  screw. 

inclined  fillet  is  the  "  thread  "  of  the  screw,  and  the  screw  is  called 

'etemaL"    But  the  thread  may  also  be  applied 

a  hollow  cylinder,  and  then  it  is  "internal," 

as  an  ordinary  "  nut "  is. 

The  distance  of  two   consecutive   coils   apart, 

from  centre  to  centre,  or  from  upper  side 

tib  upper  side, — literally  the  height  of  the  inclined 

■)fc»e,--for  one  revolution,  is  the  "pitch"  of  the 


loew. 


Fig.  xa8. 


The  effect  of  a  screw  is  estimated  in  terms  of  the 
|feh  and  the  radius  of  the  handle  employed  to  turn  either  it  or  the  nut, 
■ton  the  other;  and  the  leverage  of  the  power  is  the  ratio  of  the  circum- 
'wnce  of  the  circle  described  by  the  power  end  of  the  handle  to  the  pitch. 
^  radius  is  to  be  measured  to  the  central  point  where  the  power  is 
#ied. 

The  circumference  being  equal  to  the  radius  multiplied  by  twice  3. 14 16, 


P  :  W  ::  /  :  rx6.28, 

•which/  is  the  pitch  and  r  the  radius;  also 

6.28  Pr  =  Wx/; 


{^) 


*tis,  6.28  times  the  product  of  the  power  by  the  radius  of  the  handle  is 
•N  to  the  product  of  the  weight  by  the  pitch.  Whence  the  following 
™8  relative  to  the  power  of  a  screw,  for  finding  any  one  of  those  four 
•entities  when  the  other  three  are  given : — 

Rule  i.  To  find  the  power.     Multiply  the  weight  by  the  pitch,  and 
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equality  of  work,  the  space  through  which  the  power  is  moved  is  equal] 
the  height  through  which  the  weight  is  raised,  multiplied  by  the  numl 
ropes.     Suppose  that  there  are  three  movable  pulleys  and  six  ropes; 
weight,  1 20  lbs.,  be  raised  i  foot,  each  rope  is  shortened  i  foot  sIjoA] 
power  is  moved  6  feet.     And 

(?)  20  lbs.  X  6  feet  =  (W)  120  lbs.  x  i  foot  =120  foot-pounds. 

Work  done  with  the  Wheel  and  Axle. 

While  the  wheel,  Fig.  119,  page  305,  makes  one  revolution,  the  ade 
makes  one.  The  power  descends  or  traverses  a  space  equal  to  the 
cumference  of  the  wheel  =  2  (dr  ^)  x  3. 1 4 1 6,  whilst  the  weight  is  raised 
a  space  equal  to  the  circumference  of  the  axle  =  2  {d  c)  x  3.1416.  If 
radius  of  the  wheel  be  i  foot  6  inches,  and  that  of  the  axle  3  inches^ 
circumferences  are  9.42  feet  and  1.57  feet,  being  as  6  to  i;  and  the 
and  the  weight,  conversely,  are  as  i  to  6.     If  the  power  be  20  lbs.,  tha 

(?)  20  lbs.  X  9.42  feet  =  (W)  120  lbs.  x  1.57  feet 
( 1 88. 4  foot-pounds)         ( 1 88. 4  foot-pounds). 

Work  done  with  the  Inclined  Plane. 

The  weight  is  raised  in  opposition  to  gravity,  and  the  work  done  on  it 
expressed  by  the  product  of  the  weight  into  the  vertical  height  of 
inclined  plane.  The  work  done  by  the  power  is  expressed  by  Ac  prodoG^ 
of  the  power  into  the  length  of  the  plane.  These  two  products  ezpici^ 
equal  quantities  of  work,  and 

Px/=Wx//, 

as  before  intimated  at  (j),  page  307,  to  express  equality  of  moments. 

For  example,  the  length  of  the  plane  is  24  feet  and  the  height  2  feet; 
the  weight  is  120  lbs.,  the  power  10  lbs.  Then,  the  work  done  in  raising 
the  weight  up  the  whole  of  the  incline  is  240  lbs.,  thus 

(?)  10  lbs.  X  24  feet  =  (W)  120  lbs.  x  2  feet. 
(240  foot-pounds)         (240  foot-pounds). 

The  power  is  here  supposed  to  be  applied  in  a  direction  parallel  to  the  plane. 
If  applied  in  a  direction  at  an  angle  to  the  plane,  as  in  Fig.  122,  page  308, 
it  is  to  be  resolved  into  its  components,  parallel  and  perpendicular  to  the 
plane.  Draw  the  line  b  c  parallel  to  the  incline ;  then  the  power  applied, 
b  r,  is  equivalent  to  the  force  actually  expended  b  c\  and  to  the  pressure 
without  motion  c  c\  The  consumption  of  power  is  expressed  by  the  iwo- 
duct  of  its  parallel  equivalent,  b  r,  into  the  length  of  the  plane.  Taking, 
for  example,  as  above,  the  weight,  120  lbs.,  and  the  active  power,  10  lbs., 
represented  by  the  parallel  force  b  d  \  then  the  amount  of  the  horizontal 
force,  or  the  power  applied,  b  c,  is  found  by  proportion,  thus 

AC:AB::^/:^r; 

that  is,  the  parallel  and  horizontal  forces  are  to  each  other  as  the  base  to 
the  length  of  the  incline. 
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Work  done  with  the  Wedge. 

Sapposing  the  wedge  driven  by  a  constant  pressure  through  a  distance 
oal  to  its  length,  the  work  done  by  the  power  is  expressed  by  the  power 

0  the  length,  and  the  work  done  on  the  weight  is  expressed  by  the  pro- 
ct  of  the  weight  into  the  breadth  of  the  wedge.     By  equality  of  work, 

PxL  =  WxB, 

before  stated,  in  expressing  equality  of  moments. 

1  the  wedge  be  driven  for  only  a  part  of  its  length,  the  work  done  by 
power  is  in  the  proportion  of  the  part  of  the  length  driven;  and  the 

i  done  on  the  weight  is  similarly  in  the  proportion  of  the  part  of  the 
adth  by  which  the  resisting  surfaces  are  separated. 

Work  done  with  the  Screw. 

in  one  revolution  of  the  screw,  the  weight  is  raised  through  a  height 
tal  to  the  pitch  of  the  thread,  whilst  the  power  acts  through  the  circum- 
5Dce  of  the  circle  described  by  the  point  at  which  it  is  applied  to  a  lever, 
e  products  of  the  power  and  the  weight  by  the  spaces  described  by 
an  are  equal,  or 

Px6.28r  =  Wx/, 
before  stated  (page  311)  to  express  equality  of  moments. 

Work  done  by  Gravity. 

The  work  done  by  gravity  on  a  falling  body  is  equal  to  the  weight  of  the 
dy  multiplied  by  the  height  through  which  it  falls. 

Work  accumulated  in  Moving  Bodies. 

The  quantity  of  work  stored  in  a  body  in  motion  is  the  same  as  that 
bkh  would  be  accumulated  in  it  by  gravity  if  it  fell  from  such  a  height  as 
odd  be  sufficient  to  give  it  the  same  velocity;  in  short,  from  the  height 
le  to  the  velocity.  (See  Gravity,  page  277).  The  accumulated  work 
[pressed  in  foot-pounds,  is  equal  to  the  height  so  found  in  feet,  multiplied 
f  the  weight  of  the  body  in  pounds.  The  height  due  to  the  velocity  is 
{oal  to  the  square  of  the  velocity  divided  by  64.4,  and  the  work  and  the 
ibcity  may  be  found  directly  from  each  other,  according  to  the  following 
lies:— 

Rule  i.  Given  the  weight  and  velocity  of  a  moving  body,  to  find  the 
A  accumulated  in  it     Multiply  the  weight  in  pounds  by  the  square  of 
le  velocity  in  feet  per  second,  and  divide  by  64.4.     The  quotient  is  the 
tnmulated  work  in  foot-pounds. 
Or,  putting  U  for  the  work,  v  for  the  velocity,  and  w  for  the  weight, 

"■=^ <■) 

Or,  secondly : — Multiply  the  weight  in  pounds  by  the  height  in  feet  due 
>  die  velocity.  The  product  is  the  accumulated  work  in  foot-pounds.  Or, 
iitting  A  for  the  height, 

\J  =  wxh (i<») 


3l6  FUNDAMENTAL  MECHANICAL  PRINCIPLES. 

Work  done  by  Percussive  Force. 

If  a  wedge  be  driven  by  blows  or  strokes  of  a  hammer  or  other  b 
mass,  the  efifect  of  the  percussive  force  is  measured  by  the  quantity  of' 
accumulated  in  the  striking  body.  This  work  is  calculated  by  the  prect 
rules,  from  the  weight  of  the  body  and  the  velocity  with  which  the  bl( 
delivered,  or  directly  from  the  height  of  the  fall,  if  gravity  be  the  m 
power. 

The  useful  work  done  through  the  wedge  is  equal  to  the  work  deli^ 
upon  the  wedge,  supposing  that  there  is  no  elastic  or  vibrating  rea 
from  the  blow,  just  as  if  the  work  had  been  delivered  by  a  constant 
sure  equal  to  the  weight  of  the  striking  body,  exerted  through  a  space  < 
to  the  height  of  the  fall,  or  the  height  due  to  its  final  velocity. 

Of  course,  in  order  to  give  efifect  to  the  constant  pressure  on  the  wi 
now  imagined  to  be  brought  into  action,  the  pressure  would  require  1 
applied  to  the  resisting  medium  through  some  combination  of  the  mecha 
elements. 

But  where  elastic  action  intervenes,  a  portion  of  the  work  deliven 
uselessly  absorbed  in  elastically  straining  the  resisting  body;  and  the  cl 
action  may  be,  in  some  situations,  so  excessive  as  to  absorb  the  whc 
the  work  delivered.    In  this  case,  there  would  not  be  any  useful  work  c 

These  remarks,  applied  to  the  action  of  a  blow  on  a  wedge,  are  applu 
equally  to  the  action  of  a  blow  of  the  monkey  of  a  pile-driver  upon  a 
If  there  be  no  elastic  action,  the  work  delivered  being  the  product  oi 
weight  of  the  monkey  by  the  height  of  its  fall,  is  equal  to  the  work  dp: 
sinking  the  pile:  that  is,  to  the  product  of  the  frictional  and  other  resist 
to  its  descent  by  the  depth  through  which  it  descends  for  one  blow  o 
monkey. 

Supposing  that  the  pile  rests  upon  and  is  absolutely  resisted  by  a 
unyielding  obstacle,  the  work  done  becomes  wholly  useless,  and  consi 
elastic  or  vibrating  action ;  or  it  may  be  that  the  head  of  the  pile  is 
open. 


HEAT. 


THERMOMETERS. 

action  of  Thermometers  is  based  on  the  change  of  volume  to  which 

are  subject  with  a  change  of  temperature,  and  they  serve,  as  their 
mplies,  to  measure  temperature.  Thermometers  are  filled  with  air, 
)r  mercury.  Mercurial  thermometers  are  the  most  convenient,  because 
St  compact  They  consist  of  a  stem  or  tube  of  glass,  formed  with  a 
s  expansion  at  the  foot  to  contain  the  mercury,  which  expands  into 
e.  The  stem  being  uniform  in  bore,  and  the  apparent  expansion  of 
y  in  the  tube  being  equal  for  equal  increments  of  temperature,  it 

that  if  the  scale  be  graduated  with  equal  intervals,  these  will  indi- 
jual  increments  of  temperature.  A  sufficient  quantity  of  mercury 
been  introduced,  it  is  boiled  to  expel  air  and  moisture,  and  the  tube 
leticaJly  sealed.  The  freezing  and  the  boiling  points  on  the  scale 
Q  determined  respectively  by  immersing  the  theraiometer  in  melting 

afterwards  in  the  steam  of  water  boiling  under  the  mean  atmospheric: 
e,   14.7   lbs.  per  square  inch,  and  marking  the  two  heights  of  ihe 

of  mercury  in  the  tube.     The  interval  between  these  two  points  is 

into  180  degrees  for  Fahrenheit's  scale,  or  100  degrees  for  the 
ade  scale,  and  degrees  of  the  same  interval  are  continued  above  and 
he  standard  points  as  far  as  may  be  necessary.  It  is  to  be  noted 
y  inequalities  in  the  bore  of  the  glass  must  be  allowed  for  by  an 
ion  of  the  lengths  of  the  graduations.  The  rate  of  expansion  of 
r  is  not  strictly  constant,  but  increases  with  the  temperature,  though, 
xly  referred  to,  this  irregularity  is  more  or  less  nearly  compensated 
•varying  rates  of  expansion  of  glass. 

e  JFahrcnheit  TTiermovictcr^  used  in  Britain  and  America,  the  number 
le  scale  corresponds  to  the  greatest  degree  of  cold  that  could  be 
ly  produced  when  the  thermometer  was  originally  introduced.  32° 
reezing-point")  corresponds  to  the  temperature  of  melting  ice,  and 

the  temperature  of  pure  boiling  water — in  both  cases  under  the 
r  atmospheric  pressure  of  14.7  lbs.  per  square  inch.  Each  division 
thermometer  represents  1°  Fahrenheit,  and  between  32°  and  212° 
e  i8o^ 

le  Centigrade  Tliermometer,  used  in  France  and  in  most  other 
rs   in   Europe,  0°  corresponds  to  melting  ice,  and  100°  to  boiling 

From  the  freezing  to  the  boiling  point  there  are  100°. 
le   I^eaumur  Thermometer^  used  in  Russia,  Sweden,  Turkey,  and 
o**  corresponds  to  melting  ice,  and  80°  to  boiling  water.     From  the 

to  the  boiling  point  there  are  8o^ 
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Each  degree  Fahrenheit  is  |  of  a  degree  Centigrade,  and  |  of  a  deg^ 
Reaumur,  and  the  relations  between  the  temperatures  indicated  by  4 
different  thermometers  are  as  follows : — 

C.  =  |(F.-32).     R.  =  J(F.-32).     C.  =  fR. 

C.  being  the  temperature  in  degrees  Centigrade. 
R.  do.  do.  R^umur. 

F.  do.  do.  Fahrenheit 

That  is  to  say,  that  Centigrade  temperatures  are  converted  into  Fahrenb 
temperatures  by  multiplying  the  former  by  9  and  dividing  by  5,  and  addi 
32°  to  the  quotient;  and  conversely,  Fahrenheit  temperatures  are  convert 
into  Centigrade  by  deducting  32°,  and  taking  |ths  of  the  remainder. 

Reaumur  degrees  are  multiplied  by  f  to  convert  them  into  the  equivak 
Centigrade  degrees;  conversely,  ^ths  of  the  number  of  Centigrade  degw 
give  their  equivalent  in  Reaumur  degrees. 

Fahrenheit  is  converted  into  Reaumur  by  deducting  32°  and  taking  |t 
of  the  remainder,  and  Reaumur  into  Fahrenheit  by  multiplying  by  f,  ai 
adding  32®  to  the  product. 

Tables  No.  104, 105  contain  equivalent  temperatures  in  degrees  Centigm 
for  given  degrees  Fahrenheit,  from  0°  F.,  or  zero  on  the  Fahrenheit  scaler 
608°  F. ;  and  conversely,  the  temperature  in  degrees  Fahrenheit  correspofl 
ing  to  degrees  Centigrade,  from  0°  C,  or  zero  on  the  Centigrade  scalc^ 
320°  C. 


EQUIVALENT  TEMPERATURES. 


:  Na  104. — Equivalent  Temperatures  by  the  Fahrenheit 
AND  Centigrade  Thermometers. 


D<X>H> 

Dtgna 

D«™ 

Dcgimi 

DtgTMl 

Dejrea 

Dcp«i 

F.h.. 

c«>«^. 

Fitr, 

0!«.ir.de. 

FShr. 

CciSmlt. 

-17.78 

+  38 

+  3-34 

+  ^6 

+  24.45 

+  114 

+  45-56 

I7.*3 

39 

3-90 

77 

25.00 

115 

46..  I 

16.67 

40 

4-45 

78 

25-56 

116 

46.67 

16.11 

41 

S.oo 

79 

26.12 

117 

47-23 

'5.56 

42 

5-56 

80 

26.67 

118 

47.78 

15.00 

43 

6.11 

81 

27.23 

119 

48-34 

1+45 

44 

6.fi7 

83 

27-78 

120 

48.90 

13.90 

45 

7-33 

83 

28.34 

121 

49-45 

13-34 

46 

7-78 

84 

28.8g 

122 

50.00 

12.78 

47 

8.34 

8s 

2945 

123 

50.56 

1    12.23 

48 

8.89 

86 

30.00 

124 

S'.ii 

11.67 

49 

9-45 

87 

3o>55 

'25 

S'-fi? 

ii.ti 

50 

88 

31.11 

126 

52-23 

,     10.56 

51 

10:56 

89 

31-67 

127 

52-78 

10,00 

5^ 

11.11 

90 

32.22 

128 

53-34 

9-45 

53 

ir.67 

91 

32.78 

129 

53-90 

8.89 

54 

12.23 

92 

33-33 

130 

54. 45 

1      8.34 

55 

12.78 

93 

33-89 

'3' 

55-00 

7-78 

S6 

'3-34 

94 

34.45 

132 

55-56 

7:'3 

57 

.3.90 

95 

35-0O 

^3i 

56..  I 

6.67 

58 

'4-45 

96 

35-56 

■34 

56.67 

6.1 1 

59 

iS-oo 

97 

36." 

135 

57-23 

5-56 

15-56 

98 

36.67 

136 

57-78 

S-oo 

61 

16.11 

99 

3723 

137 

58-34 

4-45 

62 

16.67 

37.78 

'38 

58.90 

3-9° 

63 

17.23 

101 

3834 

'39 

59-45 

3-34 

64 

17.78 

I02 

38.90 

140 

60.00 

2.78 

65 

18.34 

103 

3945 

141 

60.56 

2.23 

66 

18.89 

104 

40.00 

142 

61.11 

1.67 

67 

1945 

105 

40.56 

'43 

61.67 

i.ii 

6S 

20.00 

106 

41.11 

144 

62.23 

0.56 

69 

20.56 

107 

41.67 

'45 

62.78 

70 

21.11 

loS 

42.23 

.46 

6334 

-*-o.56 

71 

21.67 

109 

42.78 

'47 

63-90 

1.11 

72 

22.23 

110 

43-34 

.48 

64-45 

1.67 

73 

22.78 

111 

43-90 

149 

6500 

2.23 

74 

»3-34 

III 

44-45 

'SO 

ll^^ 

2.78 

75 

23.90 

'"3 

45.00 

IS' 

66.11 

Table  No.   104  {continual). 
Fahrenheit  and  Centickadx. 


"^sr- 

CenuS^t 

'^f.r 

DMTwa 

^^ir 

Ccn^n^c. 

'^T 

cS 

+  152 

+  66.67 

+  '93 

+  89.45 

+  234 

+  112.23 

+  '75 

+  13 

153 

67.23 

194 

90.00 

235 

112.78 

276 

13 

154 

67.78 

195 

90.56 

236 

113-34 

277 

155 

68.34 

196 

91. II 

'37 

113-90 

27S 

156 

68.9a 

197 

91.67 

238 

114-45 

279 

157 

.69.4s 

198 

92.23 

^39 

115-00 

3S0 

•58 

70.00 

199 

92.78 

240 

115.56 

281 

159 

70,56 

93-34 

241 

116.11 

282 

7r.II 

201 

93-9° 

242 

116.67 

283 

161 

7.-67 

S02 

94-45 

243 

117-23 

2S4 

i6j 

72.a3 

203 

9500 

244 

117-78 

285 

'63 

73.78 

204 

95.56 

245 

118.34 

286 

164 

73-34 

20s 

96.1. 

246 

118.90 

2S7 

165 

73-90 

206 

96.17 

247 

119-45 

28S 

166 

74-45 

207 

97-^3 

248 

289 

167 

75-00 

io8 

97.78 

249 

120.56 

290 

168 

75-56 

209 

98.34 

250 

121.11 

291 

169 

76.M 

aio 

98.90 

J5I 

121.67 

292 

170 

76.67 

211 

99-45 

252 

122.23 

'93 

171 

77-23 

212 

100.00 

'53 

122.78 

294 

172 

77.7S 

213 

100.56 

"54 

"3-34 

295 

173 

7S.34 

214 

lot. 11 

"55 

123.90 

296 

174 

7S.90 

=  '5 

101.67 

256 

124.45 

297 

175 

79-45 

ai6 

102.23 

"57 

125.00 

298 

176 

80.00 

217 

102.78 

'58 

125-56 

299 

177 

80.56 

21S 

103.3-1 

=59 

126.11 

300 

.78 

8i.ir 

219 

103-90 

260 

126.67 

301 

179 

81.67 

220 

104.45 

261 

127-33 

302 

180 

82.23 

221 

105.00 

262 

127.78 

303 

181 

82.7S 

222 

105-55 

'63 

128.34 

304 

183 

83-34 

223 

106.11 

264 

128.90 

305 

■83 

83.90 

224 

106.67 

265 

129.4s 

306 

184 

84-45 

225 

(07.23 

266 

130.00 

307 

185 

85.0D 

226 

107.78 

267 

130.56 

308 

186 

ss-se 

227 

108.83 

268 

131-11 

309 

187 

86.11 

228 

108.90 

269 

131.67 

310 

188 

86.67 

229 

109.45 

270 

132.23 

3" 

189 

87-=3 

230 

110.00 

271 

132.78 

312 

190 

87-78 

231 

110.50 

272 

133-34 

313 

191 

88.34 

232 

III. 11 

>73 

13390 

314 

igz 

88.90 

"33 

.11. 67 

274 

134-45 

31S 

EQUIVALENT  TEMPERATURES. 
Table  No.  104  {wOimud). 

FAHKKKHBIT  and  C'EtJt  csadb. 


ST 

■te- 

"sr 

Cinlranide. 

^^sr 

c^^,. 

.J.6 

+ 157.78 

■^357 

+  180.56 

*3ti 

+  203.34 

+  439 

+  226.11 

m 

■58-34 

358 

iSl.lI 

399 

203.90 

440 

226.67 

!■« 

.5a9<> 

359 

.S1.67 

400 

204.45 

441 

227.23 

119 

"59-45 

360 

182.13 

40 1 

205.00 

442 

227.78 

3» 

160.00 

361 

.82.78 

402 

so5S^ 

443 

228.34 

3" 

160.56 

362 

■83.34 

403 

206. 1  I 

444 

128.90 

V 

161.11 

3'3 

■  83.90 

404 

206.67 

445 

229.4s 

m 

161.67 

364 

■84.4s 

405 

207.23 

446 

230-00 

m 

161.23 

365 

185.00 

,o6 

207.78 

447 

230.56 

in 

161.78 

366 

.85.56 

407 

208.34 

448 

23.-1^ 

3«i 

163-34 

367 

186.1. 

408 

208.90 

449 

23r.67 

J'J 

163.90 

36S 

186.67 

409 

209.45 

450 

23^.23 

J.S 

164.43 

369 

■87.23 

410 

210.00 

451 

233-78 

3"9 

165.00 

37» 

187.78 

411 

2.0.56 

452 

333-34 

!J» 

■65.56 

37^ 

188.34 

4>2 

2ir.ii 

453 

233-90 

!!■ 

166.11 

37' 

188.90 

413 

JII.67 

4S4 

234-45 

!)■ 

166.67 

373 

■89.4s 

414 

212.23 

455 

235.00 

333 

167.23 

374 

190.00 

4'5 

212.78 

456 

235-56 

334 

■  67.78 

375 

190.56 

416 

213-34 

4S7 

236.11 

1  335 

168.34 

376 

191.1: 

4^7 

213-90 

4S8 

236-67 

33S 

168.90 

377 

191.67 

418 

314-45 

459 

23723 

337 

■69.4s 

378 

■92.23 

419 

215.00 

460 

237-78 

338 

1 70.00 

379 

I92.7S 

420 

Wit 

461 

238.34 

339 

170,56 

380 

193-34 

42  ■ 

462 

238.90 

iv> 

iji.ii 

38. 

193-90 

422 

216:67 

463 

339-45 

34' 

171.67 

3S2 

■9445 

423 

217.23 

464 

240.00 

34* 

■7>.23 

383 

195.00 

424 

217.78 

465 

240.56 

343 

17..7S 

384 

■  95.56 

42s 

218.34 

466 

241.11 

344 

■73.34 

385 

196.1, 

426 

218.90 

467 

241.67 

345 

173.90 

386 

196.67 

427 

219.45 

46S 

242-23 

346 

■74-45 

387 

■  97.23 

428 

220-00 

469 

242.78 

347 

175.00 

388 

197.78 

429 

220.56 

470 

343-34 

348 

■75-5' 

389 

198.34 

430 

221. II 

471 

243-90 

349 

176.11 

390 

198.90 

43  ■ 

221.67 

472 

244-45 

35" 

176.67 

391 

■9945 

432 

222.23 

473 

245-00 

351 

■77.23 

392 

200,00 

433 

222.78 

474 

245-56 

35> 

■77.78 

393 

20056 

434 

323.34 

475 

246. 1 1 

353 

■7S.34 

394 

43S 

223.90 

476 

346.67 

354 

178.90 

395 

2o^:67 

436 

224.45 

477 

347-33 

355 

■79-45 

39' 

202.23 

437 

225.00 

478 

247-78 

35' 

180.00 

397 

202.78 

438 

225-56 

479 

248.34 

Table  No.  104  {^ntinufd). 
Fahrenheit  and  Centigrai 


■^- 

Di(i«> 

■Jsr 

rS& 

°,x- 

^^ 

c25 

-t-  480 

+  248.90 

'■S^l 

+  267.23 

+  546 

+  285.56 

*579 

+  30, 

481 

249-45 

514 

267.78 

547 

286. 1  I 

580 

so- 

4SI 

250.00 

515 

268.3, 

548 

286.67 

581 

so; 

483 

250.56 

516 

268.90 

549 

'87.23 

582 

30! 

484 

251.11 

5'7 

=69.45 

550 

.87.78 

583 

30< 

485 

251.67 

518 

=70-00 

551 

288.34 

584 

3o( 

4S6 

252.23 

519 

270.56 

55= 

288.90 

58s 

30; 

487 

252.78 

520 

271.11 

553 

289.45 

586 

30: 

4S8 

253.34 

521 

271.67 

554 

390.00 

587 

30i 

■489 

253.90 

S" 

272.23 

555 

290.56 

588 

30I 

4JO 

=54.45 

5=3 

272.78 

556 

291. II 

589 

So< 

«■ 

255.00 

5=4 

=73-34 

557 

291.67 

590 

3" 

49" 

255.56 

5=5 

273-90 

558 

292.23 

591 

3" 

«3 

256... 

5=6 

27445 

559 

292.78 

592 

311 

494 

256.67 

5=7 

275.00 

560 

'93-34 

593 

311 

495 

257.23 

528 

=75-56 

5«i 

293.90 

594 

31- 

496 

257.78 

5=9 

276-11 

562 

294-45 

595 

3"- 

497 

258.34 

530 

=76-67 

5«3 

295.00 

596 

31; 

498 

258.90 

531 

=77.=3 

564 

295-56 

597 

31; 

499 

259.45 

53= 

=  77.78 

5«5 

296.11 

598 

31- 

500 

260.00 

533 

278.34 

566 

296.67 

599 

31: 

SOI 

260.56 

534 

278.90 

567 

297-23 

600 

311 

502 

261.11 

535 

=  79-45 

568 

297.78 

601 

31' 

503 

261.67 

536 

280.00 

569 

298-34 

602 

3>l 

504 

262.23 

537 

280.56 

570 

298.90 

603 

3i' 

SOS 

262.78 

538 

281.11 

571 

299-45 

604 

31; 

S06 

263.34 

539 

281.67 

572 

300.00 

605 

31I 

S07 

263.90 

540 

=82.23 

573 

300.56 

606 

3il 

S08 

264.45 

541 

282.78 

574 

301. II 

607 

3i< 

509 

265.00 

54= 

=83.34 

S7S 

301.67 

608 

3=t 

510 

265.56 

543 

283.90 

576 

302.23 

5" 

266.11 

544 

284.45 

577 

302.78 

S" 

266.67 

545 

285.00 

578 

303-34 

EQUIVALENT  TEMPERATURES. 
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ibk  No.  105. — I 

Squival 

ENT  Tempi 

JRATURl 

£S   BY  THE 

Centig 

rRADE  AND 

i& 

Fahrenheit  Thermomltkks. 

en 

L 

Dcsrees 
Fahr. 

Decrees 
CenL 

Degrees 
fSa, 

D^rees 
Cent. 

Degrees 
Fahr. 

Degrees 
Cent. 

Degrees 
Fahr. 

-» 

-    4-0 

+  21 

+  69.8 

+  62 

+ 143-6 

+  103 

+  217.4 

"2 

2.2 

22 

71.6 

63 

1454 

104 

219.2 

iS 

04 

23 

734 

64 

147.2 

105 

221.0 

17 

+    14 

24 

75-2 

!l 

149.0 

106 

222.8 

16 

3-2 

2S 

77.0 

66 

150.8 

107 

224.6 

IS 

50 

26 

78.8 

67 

152.6 

108 

226.4 

14 

6.8 

27 

8a6 

68 

1544 

109 

228.2 

13 

8.6 

28 

824 

69 

156.2 

no 

230.0 

12 

104 

29 

84.2 

70 

158.0 

III 

231.8 

II 

12.2 

30 

86.0 

71 

159.8 

112 

233.6 

10 

14.0 

31 

87.8 

72 

161.6 

113 

235.4 

9 

15.8 

32 

89.6 

73 

163.4 

114 

237.2 

s 

17.6 

33 

91.4 

74 

165.2 

"5 

239.0 

7 

19.4 

34 

93.2 

75 

167.0 

116 

24a8 

6 

21.2 

35 

95.0 

76 

168.8 

117 

242.6 

5 

23.0 

36 

96.8 

77 

170.6 

118 

244.4 

4 

24.8 

37 

98.6 

78 

172.4 

119 

246.2 

3 

26.6 

38 

1004 

79 

174.2 

120 

248.0 

2 

284 

39 

102.2 

80 

176.0 

121 

2498 

I 

30-2 

40 

104.0 

81 

177.8 

122 

251.6 

0 

32.0 

41 

105.8 

82 

179.6 

123 

2534 

+  I 

33.8 

42 

107.6 

P 

181.4 

124 

255.2 

2 

35.6 

43 

109.4 

84 

183.2 

125 

257.0 

3 

374 

44 

111.2 

85 

185.0 

126 

258.8 

4 

39.2 

45 

II3-0 

86 

186.8 

127 

260.6 

^    1 

41.0 

46 

114.8 

87 

188.6 

128 

262.4 

6 

42.8 

47 

1 16.6 

88 

1904 

129 

264.2 

7 

44.6 

48 

II  8.4 

89 

192.2 

130 

266.0 

8 

46.4 

49 

120.2 

90 

194.0 

131 

267.8 

9 

48.2 

50 

122.0 

91 

195.8 

132 

269.6 

lO 

50.0 

51 

123.8 

92 

197.6 

133 

2714 

I 
2 

51.8 

52 

125.6 

93 

199.4 

134 

273-2 

53.6 

53 
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94 

201.2 

13s 

275.0 

3  1 

554 

54 

129.2 

95 

203.0 

136 

276.8 

4  1 

57-2 

55 

131-0 

96 

204.8 

137 

278.6 

5  i 

59-0 

56 

132.8 

97 

206.6 

138 

280.4 

s  ! 

60.8 

57 

1346 

98 

208.4 

139 

282.2 

r 

f 

62.6 

58 

1364 

99 

210.2 

140 

284.0 

9 

J 

64.4 

59 

138.2 

100 

212.0 

141 

285.8 

^ 

66.2 

60 

140.0 

lOI 

213.8 

142 

287.6 

» 

68.0 

61 

141.8 

102 

215.6 

143 

289.4 
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54 
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IP 
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a 

IS2 
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5! 
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309.2 
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S! 
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S! 
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312.8 
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474.8 
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5! 

'57 

314.6 
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5< 
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397.4 

248 

4784 

m 

S! 

'59 

318.2 

204 

399.2 

249 

480.2 

294 

S» 

160 

320.0 

205 

401.0 

250 

482.0 

IP 

SI 

161 

321.8 

206 

402.S 

2St 

483.8 

9 

162 

323.6 
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404.6 

2S2 

4S5.6 

297 

5< 
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325.4 
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406.4 

353 

487.4 

29S 

S* 
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408.2 
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399 

K 
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'4 
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s: 
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3308 

2ri 
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s: 
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2S7 

494.6 
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s: 
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334.4 
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415-4 

2S8 

4964 
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s: 

.69 

336.2 

214 

417-2 

259 

4983 

304 

s: 
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338.0 

215 

419.0 
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;oo.o 

S 

$i 
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339-8 

216 

42a8 

261 

501.8 

I 
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341.6 

217 

422.6 
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503-6 
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S' 

'73 

343-4 

2,8 

424.4 
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505.4 

308 

5: 

'74 

34S-2 
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426.1 

264 

507.2 

309 

i 

I7S 

347.0 
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428.0 

S 

509.0 
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i 

176 

348.8 

429.8 

SiaS 

311 

s 

177 

350.6 

431.6 

267 

5.2.6 

312 

5 
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35  M 
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433.4 

268 

514.4 

3' 3 

5 

179 

354.3 

224 

43S.3 
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516.2 

3'4 

S 
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356-0 

22s 

437-0 

270 

S18.0 
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1 
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357.8 
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438.8 
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1S3 

'^l 

227 

440,6 
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521.6 
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6 

'83 

22S 

442.4 

273 

523.4 

318 

6 

184 

363-2 

«9 

444.1 

274 

525.3 

319 

6 

185 

365-0 

230 

446.0 

375 

527-0 

330 

6 

186 

366.8 

23' 

447-8 

276 

?28.8 

187 

368.6 

232 

449.6 

277 

530.6 

183 

370.4 

J^l. 

451.4 
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S33-4 

AIR-THERMOMETERS. 


325 


•d 


t 


•<i) 


Air-Thermometers. 

hermometers,  or  gas-thermometers,   though  inconvenient  because 
ire,  by  reason  of  the  great  expansiveness  of  air,  superior  to  such  as 

upon  the  expansion  of  liquids  or  solids,  in  point  of  delicacy  and 
ss.  In  any  thermometer,  whether  liquid  or  gas,  the  indications 
jointly  upon  the  expansion  by  heat  of  the  fluid  substance,  and  that 
tube  which  holds  it  The  expansion  of  mercury  is  scarcely  seven 
lat  of  the  glass  tube  within  which  it  expands,  and  the  exactness  of 
rations  are  interfered  with  by  the  variation  in  the  expansiveness  of 

different  qualities.  In  the  gas-thermometer,  on  the  contrary,  the 
;eness  of  the  gas  is  160  times  that  of  the  glass,  and  the  inequalities 
lass  do  not  sensibly  affect  the  indications  of  the  instrument 
tiermometers,  or,  as  they  are  commonly  called,  air-thermometers, 
gned  either  to  maintain  a  constant  pressure  with  a  varying  volume 
yr  to  maintain  a  constant  volume  of  air  while  the  pressure  varies. 
first  case,  Fig.  119,  the  thermometer  consists  of  a  reservoir  a,  to  be 
ID  the  substance  of  which  the  temperature 
B  ascertained;  a  tube  df^  connected  at  a 
distance  by  a  small  tube  ab  to  the  reservoir; 
r</,  open  above,  through  which  mercury  is 
:ed  into  the  instrument;  a  stop-cock  r  to 

close  a  communication — ist,  between  the 
and  the  atmosphere;  2d,  between  the  base 
:abe  cd  and  the  atmosphere;  3d,  between 
\  tubes  d/y  cd]  4th,  between  both  these 
id  the  atmosphere.  The  tube  df^  which  is 
T  gauged,  answers  the  purpose  of  the  gradu- 
>e  of  the  mercury-thermometer,  and  receives 
Iriven  over  by  expansion  from  the  reservoir, 
ame  time  that  it  is  maintained  at  or  near 
iperature  of  the  surrounding  atmosphere. 
tc  air  is  divided  between  the  reservoir  a  and 
J  df,  of  which  the  air  in  the  former  is  at  the    ^'«  "9.--Air-Thcnnoinctcr. 

ture  of  the  substance  under  observation,  and  that  in  the  latter  is 
emperature  of  the  atmosphere.  These  two  portions  of  air  support 
e  pressure,  which  can  at  all  times  be  approximated  to  that  of  the 
lere  by  means  of  the  cock  r,  through  which  the  mercury  is  allowed 
le  until  it  arrives  at  the  same  level  in  the  two  tubes.  By  means  of 
la  embracing  the  respective  volumes  of  the  two  portions  of  air  and 
perature  of  the  atmosphere,  the  temperature  of  the  substance  under 
tion  is  determined.  But  it  is  apparent  that,  when  applied  as  a 
ter  to  the  measurement  of  high  temperatures — higher,  that  is  to 
n  the  boiling  point  of  mercury  (676°  F.) — the  greater  part  of  the  air 
ly  expansion  into  the  tube  df,  leaving  but  a  small  remainder  in  the 
r  A.  A  serious  objection  to  this  is  that  the  proportion  of  air  which 
jvcr  into  the  tube  df  for  a  new  increase  of  temperature  is  very 
od  is  with  difficulty  measured  with  sufficient  precision. 
second  form  of  air  thermometer,  in  which  the  pressure  varies  whilst 
tme  Temains  the  same,  was  used  by  M.  Regnault  in  his  researches. 
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The  temperature  is  measured  by  means  of  the  increased  elastic  fo 
inclosed  air,  and  the  instrument  is  both  more  convenient  and  mo 
than  that  in  which  the  volume  varies,  for  at  all  temperatures  the  ; 
of  the  instrument  is  the  same.  At  high  temperatures  the  apparati 
to  distortion  under  the  pressure  of  the  inclosed  air;  but  this  ma 
vented,  if  needful,  by  introducing  air  of  a  lower  than  atmospheric  p 
an  ordinary  temperature,  even  so  low  as  one-foiuth  of  an  atn 
for,  although  the  apparatus  is  less  sensitive  in  proportion  as  the  fii 
of  air  is  of  less  density  and  pressure,  yet  withal  it  is  sufficiently 
The  thermometer,  as  employed  by  M.  Regnault,  is  shown  in  Fig.  i 

glass  tubes,  df^  cd,  about  half-an-ii 
are  united  at  the  base  by  a  sto 
The  tube  cd  is  open  above,  and  i 
nected  to  the  reservoir  a  by  a  smal 
The  cover  of  the  boiler  in  which 
voir  is  inclosed  is  shown  at  b,  and 
are  protected  from  the  heat  of  the 
the  partition  c  d.  By  means  of  a 
connection,  g,  and  tube  hy  the  c< 
tube  ab  communicates  with  an  z 
by  means  of  which  the  apparatus 
dried,  and  air  or  other  gas  suppl 
The  first  thing  to  be  done  is  to  a 
dry  the  apparatus,  and  for  this  obje 
mercury  is  passed  into  the  tube  ba 
cock  r  is  closed  against  it  The  e 
pump  is  then  set  to  work  to  ex 
tube,  which  is  done  several  time 
being  slowly  re-admitted  after  eac 
tion,  after  having  been  passed  t 
filter  of  pumice-stone  in  connec 
the  pump,  saturated  with  concent 
phuric  acid  to  absorb  moisture, 
desiccate  the  air.  During  this  pj 
process,  the  reservoir  is  maintaii 
temperature  of  130°  F.,or  140**  F., 
complete  desiccation.  Next,  the  reservoir  is  plunged  into  me 
the  two  vertical  tubes  bd,  cd,  are  put  into  communication,  and  fi 
mercury  up  to  a  suitable  level  /,  marked  on  the  tube  bd.  If  it 
to  establish  an  internal  pressure  less  than  that  of  the  atmospher 
is  partially  exhausted  by  means  of  the  pump,  the  degree  of  exhaust 
recorded  by  the  difference  of  level  in  the  two  tubes.  The  exhaus 
h  is  then  hermetically  sealed,  and  the  mercury  adjusted  to  the  leve 
tube  bd. 


Fig.  Z20. 


Pyrometers. 


Pyrometers  are  employed  to  measure  temperatures  above  th 
point  of  mercury,  about  676**  F.  They  depend  upon  the  change  ( 
either  solid  or  gaseous  bodies,  liquids  being  necessarily  inac 
Pyrometric  estimations  are  of  three  classes: — First,  those  of  v 
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Uications  aie  based  upon  the  change  of  dimensions  of  a  particular  body, 
■lid  or  gaseous — the  pyrometer;  second,  those  based  on  the  heat  imparted 
lovater  by  a  heated  body;  third,  those  which  are  based  upon  the  melting 
points  €i  metals  and  metallic  alloys. 

Wedgwood's  pyrometer,  invented  in  1782,  was  founded  on  the  property 
jomaacd  by  day  of  contracting  at  high  temperatures,  an  effect  which  is 
die  paitly  to  the  dissipation  of  die  water  in  clay,  and  subsequently  to  partial 
ikrification.    The  apparatus  consists  of  a  metallic  groove,  24  inches  long, 
Ae  sides  of  which  converge,  being  half-an-inch  wide  above  and  three-tenths 
bdov.    The  day  is  made  up  into  little  cylinders  or  truncated  cones,  which 
it  the  commencement  of  the  groove  after  having  been  heated  to  low  red- 
MB;  their  subsequent  contraction  by  heat  is  determined  by  allowing  them 
tostxie  from  the  top  of  the  groove  downwards  till  they  arrive  at  a  part  of 
it  through  which  they  cannot  pass.     The  zero  point  is  fixed  at  the  tempera- 
toe  of  low  redness,  1077'  F.     The  whole  length  of  the  groove  or  scale  is 
Arided  into  240  degrees,  each  of  which  was  supposed  by  Wedgwood 
flpivalent  to  130*^  F.,  the  other  end  of  the  scale  being  assumed  to  represent 
11,277°  ^'    Wedgwood  also  assumed  that  the  contraction  of  the  clay  was 
frapoitional  to  the  degree  of  heat  to  which  it  might  be  exposed;  but  this 
Komption  is  not  correct,  for  a  long-continued  moderate  heat  is  found  to 
the  same  amount  of  contraction  as  a  more  violent  heat  for  a  shorter 
Wedgwood's  pyrometer  is  not  employed  by  scientific  men,  because 
I  indications  cannot  be  relied  upon  for  the  reason  just  given,  and  also 
XKosc  the  contraction  of  different  clays  under  great  heat  is  not  always  the 


In  Daniell's  pyrometer  the  temperature  is  measured  by  the  expansion  of 
metal  bar  inclosed  in  a  black-lead  earthenware  case,  which  is  drilled  out 
igitudinally  to  ^  inch  in  diameter  and  7^  inches  deep.  A  bar  of 
itmum  or  soft  iron,  a  Httle  less  in  diameter,  and  an  inch  shorter  than  the 
re,  is  placed  in  it  and  surmounted  by  a  porcelain  index  i  j4  inches  long, 
jt  in  its  place  by  a  strap  of  platinum  and  an  earthenware  wedge. 
len  the  instrument  is  heated,  the  bar,  by  its  greater  rate  of  expansion 
Dpared  with  the  black-lead,  presses  forward  the  index,  which  is  kept  in 
new  situation  by  the  strap  and  wedge  until  the  instrument  cools,  when 
observation  can  be  taken  by  means  of  a  scale. 

[Tie  air-pyromder.  The  principle  and  construction  of  the  air-thermo- 
rer  are  directly  applicable  for  pyrometric  purposes,  substituting  a  platinum 
^e  for  the  glass  reservoir  already  described,  for  resisting  great  heat,  and 
large  as  possible.  The  chief  cause  of  uncertainty  is  the  expansion  of 
naetal  at  high  temperatures. 

Tie  second  means  of  estimation  is  best  represented  by  the  "  pyrometer  " 
Vf  r.  Wilson,  of  St  Helen's.  He  heats  a  given  weight  of  platinum  in  the 
of  which  the  temperature  is  to  be  measured,  and  plunges  it  into  a 
;el  containing  twice  the  weight  of  water  of  a  known  temperature. 
;erving  the  rise  of  temperature  in  the  water,  he  calculates  the  tempera- 
t  to  which  the  platinum  was  subjected,  in  terms  of  the  rise  of  tempera- 
;  of  the  water,  the  relative  weights  of  the  platinum  and  the  water,  and 
r  specific  heats.  In  fact,  the  elevation  of  the  temperature  oif  the 
er  is  to  that  of  the  platinum  above  the  original  temperature  of  the  water 
he  compound  ratio  of  the  weights  and  specific  heats  inversely;  that  is 
ay,  that  the  weights  of  the  platinum  and  the  water  being  as  i  to  2,  and 
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their  specific  heats  as  .0314  to  i,  the  rise  of  temperature  of  die  water k 
that  of  the  platinum  as  i  x  .0314  to  2  x  i,  or  as  i  to  63.7,  and  the  mlei 
finding  the  temperature  of  the  fire  is  to  multiply  the  rise  of  tempendae 
the  water  by  63.7 ,  and  add  its  original  temperature  to  the  product  1 
sum  is  the  temperature  of  the  Hre,  subject  to  correction  for  the  li 
absorbed  by  the  thermometer  in  the  water,  and  by  the  iron  vessel  conli 
ing  the  water,  and  the  heat  retained  by  the  platinum.  The  conrecdoi 
estimated  by  Mr.  Wilson  at  xV^>  taking  the  weight  of  water  at  2000  gjn 
and  that  of  the  platinum  1000  grains,  and  it  may  be  allowed  for  by  incn 
ing  the  above-named  multiplier  by  yt^>  ^^  67.45. 

Mr.  Wilson  proposed  that  for  general  practical  purposes  a  small  pieo 
Stourbridge  clay  be  substituted  for  platinum,  to  lessen  the  cost  of 
apparatus.  With  a  piece  of  such  clay,  weighing  200  grains,  and  a 
grains  of  water,  h^  found  that  the  correct  multiplier  was  46. 

The  third  means  of  estimation,  based  on  the  melting  points  of  mc 
and  metallic  alloys,  is  applied  simply  by  suspending  in  the  heated  med 
a  piece  of  metal  or  alloy  of  which  the  melting  point  is  known,  aw 
necessary,  two  or  more  pieces  of  different  melting  points,  so  as  to  ascert 
according  to  the  pieces  which  are  melted  and  those  which  continue  in 
solid  state,  within  certain  limits  of  temperature,  the  heat  of  the  furnace* 
list  of  melting  points  of  metals  and  metallic  alloys  is  given  in  a  subseqi 
chapter. 

Luminosity  at  High  Temperatures. 

The  luminosity  or  shades  of  temperature  have  been  observed  by 
Pouillet  by  means  of  an  air-pyrometer  to  be  as  follows : — 

Shadb.  Temperature,       Tsmperaturi^ 

Centigrade.  Fahrenhek. 

Nascent  Red 525**  977* 

Dark  Red 700  1292 

Nascent  Cherry  Red 800  1472 

Cherry  Red 900  1652 

Bright  Cherry  Red 1000  1832 

Very  Deep  Orange iioo  2012 

Bright  Orange 1200  2192 

White 1300  2372 

"  Sweating "  White 1400  *55* 

Dazzling  White 1500  *732 

A  bright  bar  of  iron,  slowly  heated  in  contact  with  air,  assumes 
following  tints  at  annexed  temperatures  (Claudel) : — 

Cenugrade.  WaimenhtSL 

1.  Cold  iron  at  about 12®      or        54** 

2.  Yellow  at 225  437 

3.  Orange  at 243  473 

4.  Red  at 265  509 

5.  Violet  at 277  531 

6.  Indigo  at 288  550    * 

7.  Blue  at 293  559 

8.  Green  at 332  630 

9.  Oxide  Gray  (gris  d^oocyde)  at 40a  75a 
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iks  in  the  neighbourhood  of  e.ich  other  have  unequal 
-e  exists  between  them  a.  traDsfer  of  heat  from  the  hotter 
r  (he  two  to  the  other.  The  tendency  to  an  equalization,  or  towards  an 
idOKium,  of  temperatures  in  this  way  is  universal,  and  the  passage  of 
U  takes  place  in  three  ways:  by  radiation,  by  conduction,  and  by  con- 
cdoo  at  carriage  from  one  place  to  another  by  heated  currents. 

Radiation  of  Heat  from  Combustibles. 
[I  is  a  common  assumption  that  the  quantity  of  heat  radiated  from  com- 
^iAes  is  very  small  in  comparison  with  the  total  quantity  of  heat  evolved. 
Ming  the  band  near  the  flame  of  a  candle,  laterally,  the  radiant  heat,  which 
he  only  heat  thus  experienced,  is  much  less  than  the  heat  experienced 
die  hand  when  held  above  the  flame,  which  is  the  heat  by  convection 
die  hot  current  of  air  which  rises  from  the  flame.  But  it  is  to  be  noted 
t,  whilst  the  radiant  heat  is  dissipated  all  round  the  flame,  the  diameter 
ic  upward  current  is  little  more  than  that  of  the  flame,  and  the  conveyed 
lis  therefore  concentrated  in  a  narrow  compass. 

A.  Peclet,  by  means  of  a  simple  apparatus,  consisting  of  a  cage  suspend- 
die  combustible  within  a  hollow  cylinder  filled  with  water  in  an  annular 
ce,  ascertained  that  the  proportion  of  the  total  heat  radiated  from 
trent  combustibles  was  as  follows:—^ 

Radiant  heat  from  wood nearly  J^. 

Do,         do.       wood  charcoal „      "4, 

Do.        do.       oil „      '/j. 

ese  values  serve  to  show  that  radiation  of  heat  is  considerable,  and  that 
neless  carbon  radiates  much  more  than  flame,  though  the  proportion  of 
It  radiated  from  fuels  depends  very  much  upon  the  disposition  of  the 
tenal  and  the  extent  of  radiating  surface. 

Hlth  respect  to  heated  bodies,  apart  from  combustibles  as  such,  the 
iiadon  or  emission  of  heat  implies  the  reverse  process  of  absorption,  and 
best  radiators  are  likewise  the  best  absorbents  of  heat  All  bbdies 
■ess  the  property  of  radiating  heat.  The  heat  rays  proceed  in  straight 
s,  and  the  intensity  of  the  heat  radiated  from  any  one  source  of  heat 
notes  less  as  the  distance  from  the  source  of  heat  increases,  in  the 
ax  ratio  of  the  square  of  the  distance.  That  is  to  say,  for  example, 
t  at  any  given  distance  from  the  source  of  radiation,  the  intensity  of  the 
iant  heat  is  four  times  as  great  as  it  is  at  twice  the  distance,  and  nine 
a  as  great  as  it  is  at  three  times  the  distance. 

Die  quantity  of  heat  emitted  by  radiation  increases  in  some  proftortion 
1  die  difference  of  temperatures  of  the  radiating  body  and  the  surrounding 
iiuin,  but  more  rapidly  than  the  simple  proportion  for  the  greater  differ- 
ts;  and  the  quantity  of  heat,  greater  or  less,  emitted  by  bodies  by  radiation 
ler  the  same  circumstances  is  the  measure  of  their  radiating  power. 
ladiaot  heat  traverses  air  without  heating  it. 

nien  a  polished  body  is  struck  by  a  ray  of  heat,  it  absorbs  a  part  of  the 
:  and  reflects  the  resL  The  greater  or  less  proportion  of  heat  absorbol 
be  body  is  the  measure  of  its  absorbing  power,  and  the  reflected  heat  is 
r  of  its  r^Uaing  power. 


330 


HEAT. 


When  the  temperature  of  a  body  remains  constant  it  indicates 
quantity  of  heat  emitted  is  equal  to  the  quantity  of  heat  absorbed 
body.     The  reflecting  power  of  a  body  is  the  complement  of  its 
power;  that  is  to  say,  that  the  sum  of  the  absorbing  and  reflecting 
all  bodies  is  the  same,  which  amounts  to  this,  that  a  ray  of  heat 
body  is  disposed  of  by  absorption  and  reflection  together,  that  whickf 
absorbed  being  necessarily  reflected. 

For  example,  the  radiating  power  of  a  body  being  represented  bjr 
reflecting  power  is  also  90,  and  the  absorbing  power  is  10,  supj 

Table  No.    106. — Comparative  Radiating  or  Absorbent  ami 

Reflecting  Powers  of  Substances. 


SUBSTANCB. 


Lamp  Black 

Water 

Carbonate  of  Lead 

Writing  Paper 

Ivory,  Jet,  Marble 

Isinglass 

Ordinary  Glass 

China  Ink 

Ice 

Gum  Lac 

Silver  Leaf  on  Glass 

Cast  Iron,  brightly  polished 

Mercury,  about 

Wrougl)t  Iron,  polished 

Zinc,  polished 

Steel,  polished 

Platinum,  a  little  polished 

Do.      deposited  on  Copper . . . 

Do.      in  Sheet 

Tin 

Brass,  cast,  dead  polished 

Do.    hammered,  dead  polished . . 

Do.    cast,  bright  polished 

Do.    hammered,  bright  polished 

Copper,  varnished 

Do.      deposited  on  iron 

Do.      hammered  or  cast 

Gold,  plated 

Do.  deposited  on  polished  Steel 
Silver,  hammered,  polished  bright 

Do.    cast,  polished  bright 


Radiadagor 
Absorbing. 

Reflediq 

ICO 

0 

IOC 

0 

100 

0 

98 

2 

93  to  98 

7  to  2 

91 

9 

90 

ID 

85 

IS 

85 

IS 

72 

28 

27 

73 

.  25 

7S 

23 

77 

23 

77 

19 

81 

17 

83 

24 

76 

17 

83 

17 

83 

15 

85 

II 

89 

9 

91 

7 

93 

7 

93 

14 

86 

7 

93 

7 

93 

S 

95 

3 

97 

3 

97 

3 

97 
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itity  of  heat  which  strikes  the  body  is  represented  by  loo. 
power  of  soot  is  sensibly  nil,  and  its  absorbing  and  radiating 
o. 

ing  power  varies  with  the  nature  of  the  source  of  heat,  with 
of  the  substance,  and  with  the  inclination  of  the  direction  of 
ited  upon  the  body.  That  of  a  metallic  surface  is  so  much 
consequently  the  reflecting  power  is  so  much  the  more,  in 
the  surface  is  better  polished. 

ing  power  of  metals,  according  to  MM.  de  la  Provostaye  and 
actically  the  same,  when  the  angle  of  incidence,  that  is  the 
I  the  rays  of  heat  strike  the  surface,  is  less  than  70®  of  inclina- 
surface;  but  for  greater  angles,  approaching  more  nearly  to 
:ular  to  the  surface,  it  sensibly  diminishes, 
e,  at  angles  of  from  75  to  80  degrees,  the  reflecting  power  is 
mt  of  what  it  is  under  the  smaller  angles  of  incidence. 
lo.  106  contains  the  radiating  and  absorbing  powers  and  the 
vers  of  various  substances.      (Leslie^  De  la  Provostaye  and 
lifelioni.) 
ng  power  of  glass  has  been  found  to  be  the  same  for  heat  and 

of  Heat, — Conduction  is  the  movement  of  heat  through  sub- 

►m  one  substance  to  another  in  contact  with  it.     The  tabic 

ins  the  relative  internal  conducting  power  of  metals  and  earths, 

Nf .  Despretz.     A  body  which  conducts  heat  well  is  called  a 

or  of  heat;  if  it  conducts  heat  slowly,  it  is  a  bad  conductor  of 

which  are  finely  fibrous,  as  cotton,  wool,  eider-down,  wadding, 

.  charcoal,  are  the  worst  conductors  of  heat.      Liquids  and 

conductors;  but  if  suitable  provision  be  made  for  the  free 

fluids  they  may  abstract  heat  very  quickly  by  contact  with 

rs,  acting  by  convection. 

of  Heat. — Convected  or  carried  heat  is  that  which  is  trans- 
le  place  to  another  by  a  current  of  liquid  or  gas :  for  example, 
cts  of  combustion  in  a  furnace  towards  the  heating  surface 
*  a  boiler. 


37. — Relative  Internal  Conducting  Power  of  Bodies. 


X. 

Relative  conducting 
power. 

1 

!                  Substance. 

1 

1 

Relative  conducting 
power. 

1000 
981 

973 
892 

749 
562 

374 

1  Zinc 

363 

304 
180 

24 
12 

II 

Tin 

'  Lead 

Marble 

Porcelain 

Terra  Cotta 

)n 

THE   MECHANICAL  THEORY  OF  HEAT. 

Heat  and  mechanical  force  are  identical  and  convertible.  Indepc 
of  the  medium  through  which  heat  may  be  developed  into  mo 
action,  the  same  quantity  of  heat  is  resolved  into  the  same  total  i 
of  work.  The  English  unit  of  heat  is  that  which  is  required  to  raise  I 
peratiire  of  i  lb.  of  water  at  39°.  r,  1  degree  Fahr.  If  3  lbs.  of  water  t 
I  degree,  or  i  lb.  be  raised  z  degrees  in  temperature,  the  expenc 
heat  is  the  same  in  amount,  namely,  two  units  of  heatj  and  to  exp 
mechanical  equivalent  of  heat,  the  comparison  lies  between  the 
heat  on  the  one  part,  and  the  unit  of  work,  or  the  foot-pound,  oa  tl 
l)art.  The  most  precise  detemii nation  yet  made  of  the  numerical 
subsisting  betwcL'n  heat  and  mechanical  work  was  obtained  by  the  fi 
,  <if  Dr.  Joule.  He  constructed  an  agitator.  Fig.  lai,  « 
of  a  vertical  slu 
ing  a  brass  paddl 
of  which  the  pac 
volved  between 
aiy  vanes,  whict 
to  prevent  the  1 
the  vessel  fron 
bodily  whirled 
direction  of  1 
The  vessel  wa 
with  water,  and 
tator  was  made  tc 
by  means  of  a  cor 
round  the  uppe) 
the  shaft,  and  1 
to  a  weight  wl: 
scended  in  froi 
scale,  by  which  t 
done  was  mi 
found  that  the  he 


—Dr.  Jnik'a  Aciuior. 


When  all  corrections  had  been  applied,  i 

municated  to  the  water  by  the  agitation  amounted  to  one  pouni 
Fahrenheit  for  every  771  foot-pounds  of  work  expended  in  prodi 
It  was  deduced,  inversely,  that  one  unit  of  heal  was  capable  of 
772  lbs.  weight  1  foot  in  height.  The  mechanical  equivalent  1 
known  as  "Joule's  equivalent,"  is  therefore  taken  as  772  foot-pot 
I  unit  of  heat.  Sperm  oil  was  tried  as  the  fluid  medium,  and  it  yie! 
same  results  as  water. 

The  following  are  the  values  of  Joule's  equivalent  for  different 
metric  scales,  and  in  English  and  French  units: — 

1    Enelish  thermal    unit,  or  1    degree  )  ^    .  , 

Fahrenheit  in  ■  pound  of  water.' ..  f  "'  foot-poiinds. 

I  French  therm.il  unit,  or  1  degree  centi- 1  /  m -.  

grade  in  i  kilogramme  of  water }4»3.SS("y4»4)knogtait 

I  degree  Centigrade  in  1  pound  of  water— 1389.60  (say  1390)  foot- 

1  French  thermal  unit  is  equal  to  3.968  English  thermal  units- 
4  English  units. 
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According  to  the  mechanical  theory  of  heat,  in  its  general  form,  heat, 
mechanical  force,  electricity,  chemical  affinity,  light,  and  sound,  are  but 
different  manifestations  of  motion.  Dulong  and  Gay  Lussac  proved  by 
their  experiments  on  sound,  that  the  greater  the  specific  heat  of  a  gas,  the 
more  rapid  are  its  atomic  vibrations.  Elevation  of  temperature  does  not 
iter  the  rapidity  but  increases  the  length  of  their  vibrations,  and  in  con- 
vquence  produces  "expansion  "  of  the  body.  All  gases  and  vapours  are 
asuxned  to  consist  of  numerous  small  atoms,  moving  or  vibrating  in  all 
Erections  with  great  rapidity;  but  the  average  velocity  of  these  vibrations 
^'  am  be  estimated  when  the  pressure  and  weight  of  any  given  volume  of  the 
|u  is  known,  pressure  being,  as  explained  by  Joule,  the  impact  of  those 
■mezous  small  atoms  striking  in  all  directions,  and  against  the  sides  of  the 
wesKl  containing  the  gas.  The  greater  the  number  of  these  atoms,  or  the 
ireaUer  their  aggregate  weight,  in  a  given  space,  and  the  higher  the  velocity, 
Ik  greater  is  the  pressure.  A  double  weight  of  a  perfect  gas,  when  con- 
fned  in  the  same  space,  and  vibrating  with  the  same  velocity — that  is, 
bving  the  same  temperature — ogives  a  double  pressure ;  but  the  same  weight 
of  gas,  confined  in  the  same  space,  will,  when  the  atoms,  vibrate  with  a 
double  velocity,  give  a  quadruple  pressure.  An  increase  or  decrease  of 
Imperature  is  simply  an  increase  or  decrease  of  molecular  motion.  When 
die  piston  in  the  cylinder  yields  to  the  pressure  of  steam,  the  atoms  will 
■ot  rebound  from  it  with  the  same  velocity  with  which  they  strike,  but  will 
Rtom  after  each  succeeding  blow,  with  a  velocity  continually  decreasing 
II  the  piston  continues  to  recede,  and  the  length  of  the  vibrations  will  be 
dminished.  The  motion  gained  by  the  piston  will  be  precisely  equivalent 
to  the  energy,  heat,  or  molecular  motion  lost  by  the  atoms  of  the  gas; 
and  it  would  be  as  reasonable  to  expect  one  billiard  ball  to  strike  and  give 
nodoa  to  another  without  losing  any  of  its  own  motion,  as  to  suppose  that 
die  piston  of  a  steam-engine  can  be  set  in  motion  without  a  corresponding 
i|Dantity  of  energy  being  lost  by  some  other  body. 

In  expanding  air  spontaneously  to  a  double  volume,  delivering  it,  say, 
into  a  vacuous  space,  it  has  been  proved  repeatedly  that  the  air  does  not 
qiprcdably  fall  in  temperature,  no  external  work  being  performed;  but  that, 
OB  the  contrary,  if  the  air  at  a  temperature,  say,  of  230°  F.,  be  expanded 
ipinst  an  opposing  pressure  or  resistance,  as  against  the  piston  of  a  cylinder, 
^ring  motion  to  it  and  raising  a  weight  or  otherwise  doing  work,  the  tem- 
pciatuTe  will  fall  nearly  170°  F.  when  the  volume  is  doubled,  that  is  from 
230°  F.  to  about  60**  F.,  and,  taking  the  initial  pressure  at  40  ll)S., 
the  final  pressure  would  be  15  lbs.  per  square  inch. 

UTien  a  pound  weight  of  air,  in  expanding,  at  any  temperature  or  pressure, 
aises  130  lbs.  one  foot  high,  it  loses  1°  F.  in  temperature;  in  other 
wofdsy  this  pound  of  air  would  lose  as  much  molecular  energy  as  would 
equal  the  energy  acquired  by  a  weight  of  one  pound  falling  through  a 
hei^t  of  1 30  feet.  It  must,  however,  be  remarked  that  but  a  small  portion 
of  this  work — 130  foot-pounds — can  be  had  as  available  work,  as  the  heat 
vfaich  disappears  does  not  depend  on  the  amount  of  work  or  duty  realized, 
but  upon  the  total  of  the  opposing  forces,  including  all  resistance  from  any 
CKtemal  source  whatever.  When  air  is  compressed  the  atmosphere  descends 
and  follows  the  piston,  assisting  in  the  operation  with  its  whole  weight;  and 
vfaen  air  is  expanded  the  motion  of  the  piston  is,  on  the  contrary,  opposed 
by  the  whole  weight  of  the  atmosphere,  which  is  again  raised.     Although, 
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therefore,  in  expanding  air,  the  heat  which  disappears  is  in  pro] 
the  total  opposing  force,  it  is  much  in  excess  of  what  can  be 
available;  and,  commonly,  where  air  is  compressed  the  heat  gen< 
much  greater  than  that  which  is  due  to  the  work  which  is  required 
expended  in  compressing  it,  the  atmosphere  assisting  in  the  operatioo. 

Let  a  pound  of  water,  at  a  temperature  of  212°  F.,  be  injected  o 
vacuous  space  or  vessel,  having  26.36  cubic  feet  of  capacity — the 
of  one  pound  of  saturated  steam  at  that  temperature — ^and  let  it  be 
ated  into  such  steam,  then  893.8  units  of  heat  would  be  expended  1 
process.     But  if  a  second  pound  of  water,  at  212®,  be  injected  and 
ated  at  the  same  temperature,  under  a  uniform  pressure  of  14.7  Ibi,' 
square  inch,  being  the  pressure  due  to  the  temperature,  the  second 
must  dislodge  the  first,  supposing  the  vessel  to  be  expansible,  by 
that  pressure;  and  this  involves  an  amount  of  labour  equal  to  55,800 
pounds  (that  is,  14.7  lbs.  x  144  square  inches  x  26.36  cubic  feet),  andj 
additional  expenditure  of  72.3  units  of  heat  (that  is,  55,800-^772), 
a  total,  for  the  second  pound,  of  965.1  units. 

Similarly,  when  1408  units  of  heat  are  expended  in  raising  the  tcm[ 
ture  of  air  under  a  constant  pressure,  1000  of  these  units  increase 
velocity  of  the  molecules,  or  produce  a  sensible  increase  of  temj 
while  the  remaining  408  units,  which  disappear  as  the  air  expands, 
directly  consumed  in  repelling  the  external  pressure  for  the  expansion 
volume. 

Again,  if  steam  be  permitted  to  flow  from  a  boiler  into  a  comparaki! 
vacuous  space  without  giving  motion  to  another  body,  the  temperatuie< 
the  steam  entering  this  space  would  rise  higher  than  that  of  the  steam 
the  boiler.  Or,  suppose  two  vessels,  side  by  side,  one  of  them  vacuous 
the  other  filled  with  air  at,  say,  two  atmospheres;  if  a  communication 
opened  between  them,  the  pressure  becomes  the  same  in  both.  Btit 
temperature  would  fall  in  one  vessel  and  rise  in  the  other;  and  alth< 
the  air  is  expanded  in  this  manner  to  double  its  first  volume,  there 
not,  on  the  whole,  be  any  appreciable  loss  of  heat,  for  if  the  separate  p«r  i 
tions  of  air  be  mixed  together,  the  resulting  average  temperature  of  thr* 
whole  would  be  very  nearly  the  same  as  at  first.  It  has  been  proved 
experimentally,  corroborative  of  this  statement,  that  the  quantity  of  heat 
required  to  raise  the  temperature  of  a  given  weight  of  air,  to  a  given  extent, 
is  the  same,  irrespective  of  the  density  or  the  volume  of  the  air.  Regnauk 
and  Joule  found  that  to  raise  the  temperature  of  a  pound  of  air,  whether 
I  cubic  foot  or  10  cubic  feet  in  volume,  the  same  quantity  of  heat  wis 
expended. 

In  rising  against  the  force  of  gravity  steam  becomes  colder,  and  it  par- 
tially condenses  while  ascending,  in  the  effort  of  overcoming  the  resistance 
of  gravity.  For  instance,  a  column  of  steam  weighing,  on  a  square  inch  of 
base,  250.3  lbs.,  that  is  to  say,  having  a  pressure  of  250.3  lbs.  per  square 
inch,  would,  at  a  height  of  275,000  feet,  be  reduced  to  a  pressure  of  i  lb. 
per  square  inch,  and,  in  ascending  to  this  height,  the  temperature  would 
fall  from  401°  to  102°  F.,  while,  at  the  same  time,  nearly  25  p>er  cent 
of  the  whole  vapour  would  be  precipitated  in  the  form  of  water,  unless  it 
were  supplied  with  additional  heat  while  ascending. 

If  a  body  of  compressed  air  be  allowed  to  rush  freely  into  the  atmosphere, 
the  temperature  falls  in  the  rapid  part  of  the  current,  by  the  conversion  of 
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into  motion,  but  the  heat  is  almost  all  reproduced  when  the  motion 
)iiite  subsided.  From  recent  experiments,  it  appears  that  nearly 
IT  results  are  obtained  from  the  emission  of  steam  under  pressure. 
KQ  water  faUs  through  a  gaseous  atmosphere,  its  motion  is  constantly 
led  as  it  is  brought  into  collision  with  the  particles  of  that  atmosphere, 
If  this  collision  it  is  partly  heated  and  partly  converted  into  vapour. 
I  body  of  water  descends  freely  through  a  height  of  772  feet,  it  acquires 
gravi^  a  velocity  of  223  feet  per  second;  and,  if  suddenly  brought  to 
rben  moving  with  this  velocity,  it  would  be  violently  agitated,  and 
I  be  raised  one  degree  of  temperature.  But  suppose  a  water-wheel, 
cet  in  diameter,  into  the  buckets  of  which  the  water  is  quietly  dropped; 
the  water  descends  to  the  foot  of  the  fall,  and  is  delivered  gently  into 
ikace,  it  is  not  sensibly  heated.  The  greatest  amount  of  work  it  is 
lie  to  obtain  from  water  falling  from  a  given  level  to  a  lower  level  is 
able  by  the  weight  of  water  multiplied  by  the  height  of  the  fall, 
se  illustrative  exhibitions  of  the  nature  and  reciprocal  action  of  heat 
iotive  power,  show  that  the  nature  and  extent  of  the  change  of  tem- 
re  of  a  gas  while  expanding  depend  nearly  altogether  upon  the  cir- 
inccs  under  which  the  change  of  volume  takes  place. 
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bodies  are  expanded  by  the  application  of  heat,  but  in  different 
&  Expansion  is  measurable  in  three  directions: — Length,  breadth, 
hickness;  and  it  may  be  measured  as  linear  expansion,  in  one  direc- 
as  superficial  expansion,  in  two  directions;  or  as  cubical  expansion, 
tt  directions.  Linear  expansion,  or  the  expansion  of  length,  is  that 
1  will  be  exposed  in  the  following  tables  for  solids  and  liquids.  The 
sion  of  gases  is  measured  cubically,  by  volume. 
radcial  expansion,  it  may  be  added,  is  twice  the  linear  expansion,  and 
il  expansion  is  three  times  the  linear  expansion.     That  is  to  say,  the 

additional  volume  by  expansion  in  two  direc- 
,   tions,  as  in  length  and  breadth,  is  twice  the 
I   additional  volume  in  one  direction;  and  the 
;   additional  volume  in  three  directions  is  three 
I   times   that   in  one  direction.     For  example, 
I   take  a  solid  cube  abcdefg-,  the  expansion  in 
'   one  direction  ea^  on  the  face  abcd^  is,  say, 
equal  to  that  indicated  by  the  dot  lines  pro- 
jected  from   that  face,   and  the  volume  by 
expansion  is  equal   to  the  extension  of  the 
surface  abed  thus  projected.     In  each  of  the 
two  other  directions,  da^  upwards,  and  ab, 
*^'  ****  laterally,  the  volume  by  expansion  is  the  same 

;  of  the  expansion  on  the  face  abed.  Consequently,  the  total 
;  of  volume  by  expansion,  as  measured  cubically,  in  the  three 
ns  of  length,  breadth,  and  thickness,  is  three  times  the  increase  of 
in  one  direction  singly;  and,  as  measured  superficially,  in  two  of 
irections,  it  is  twice  the  increase  of  volume  in  one  direction. 
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Table  No.  io8. — Linear  Expansion  of  Solids  by  Heat, 

32**  AND  212®  F. 


METALS. 


Zinc,  sheet 

Do.,  forged 

Lead 

Zinc  8+1  tin,  slightly  ham- 
mered,  

White  Solder: — tin  i  -•■  2  lead. 

Tin,  grain 

Tin 

Silver 

Speculum  metal 

Brass  

Copper 

Gun  Metal: — 16  coppers  i  tin 

8  copper  4- 1  tin 

Yellow  Brass : — Rod 

Do.  Trough  form.. 

Gold:— 

Paris  standard,  annealed 
Do.      unannealed 

Bismuth 

Iron,  forged 

Do.   wire 

Steel,  rod,  5  feet  long 

Do.   tempered 

Do.   not  tempered 

Cast  Iron,  rod,  5  feet  long 

Antimony 

Palladium 

Platinum 


Expansion 
between  32" 
and  axa*  r . 
in  common 

fractions. 


■/ 
■/ 

■/: 
■/ 


340 

3" 

3S« 


11' 


V. 


399 
403 

V58. 


524 


;/ 

7550 

Vs»8 
'/5»8 

V66. 
7645 
V719 
V8.9 
V812 

V874 
7807 

V9a6 

V993 
1/ 

/lOOO 

V..67 


Expansion 

between  3a* 

and  aia'F. 

in  a  length 

=ioa 


length  =  loa 

29416 

31083 

28484 

26917 

25053 

24833 
21730 

19075 

19333 
18782 

17220 

19083 

18167 

18930 

18945 

I5153 
I5516 

I3917 
12204 

12350 
1 1450 

12396 

10792 

TIIOO 

10833 

1 0000 

08570 


between  u* 
and  ais'  F. 

in  a  length 
of  loleet. 


iac^ 

•353 
•374 
.342 

.322 

.301 
.298 
.260 
.229 
.232 
.225 
.207 
.229 
.218 
.227 
.227 

.181 
.186 
.167 
.146 
.148 

•137 
.149 

.130 

•133 
•130 
.120 

.103 


From  o''  to  300®  C. 
(32°  F.  to  572°  F.) 


Copper... 

Iron 

Platinum. 


{ 
{ 


0°  to  100' 


C 

0°  to  300°  C. 
0°  to  100' 

o 


°  c. 

o-  to  300°  C. 
0°  to  100°  C 
0°  to  300°  C. 


7531 

V846 

V68I 

/"03 

VI089 


.17182 

.18832 

.11821 
.14684 

.08842 
.09183 


.206 
.226 
.142 
.176 
.106 
.III 
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bit  length' 


ss,  with  lead 

without  lead 

Gobain 

tubes  (Smeaton). . 

(Roy) 

iolid  (Roy) 

>Dg  and  Petit) ... 

iSoo'C.) 

'3~*C.) 


■/..., 


,08117 
•8720 
09175 
.08909 
08333 

■07  755 
08083 
,08613 
09484 


00541 

>S8i 

'S94 
■00555 
,00517 
■00539 
■00574 

1674 


•0333 


sandstone. 

do.      . 

do.      . 

do. 

do. 

da 
Ale 


.0416 
.0693 
.1695 
.1736 
.1041 

.0832 

.0510 
.0416 
.1458 

.0568 


,0415 
,0141 

.00844 


566 

,00380 
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Speaking  exactly,  the  cubical  expansion  is  rather  less  than  three  ti 
and  the  superficial  expansion  rather  less  than  twice,  the  linear 
for,  in  fact,  the  expanded  comers  of  the  body  are  carried  out  to  the 
square  figure,  and  have  not  the  entering  angles  shown  in  the  figure, 
there  is,  in  this  way,  a  certain  overlapping  of  the  strata  of  expansion  at 
ends,  sides,  and  top. 

The  same  kind  of  demonstration  applies  to  bodies  of  any  other  dm' 
cubical  shape. 

A  hollow  body  expands  by  heat  to  the  same  extent  as  if  it  were  a 
body  having  the  same  exterior  dimensions. 

The  rate  of  expansion  of  solids  from  the  freezing  point  to  the 
point  of  water,  32°  to  212®  R,  is  sensibly  uniform. 

The  table.  No.  108,  gives  the  linear  expansion  of  a  number  of 
and  of  glass,  between  the  freezing  and  boiling  points;  and  of  ice  for 
degree,  and  of  stones  for  various  intervals  of  temperature.     Authoritiei 
Laplace  and  Lavoisier,  Smeaton,  Roy,  Troughton,  Wollaston,  Dulong 
Petit,  Froment,  Rennie. 

Zinc  is  the  most  expansible  of  the  metals;  it  expands  fully  one- 
per  cent.,  or  as  much  as  '/jatSt  part  of  its  length,  when  heated  from  32* 
to  212°  F.     Iron  expands  about  one-seventh  to  one-eighth  per  cent; 
cast-iron  and  platinum  about  one-tenth  per  cent.     The  expansion  of 
proceeds  at  a  less  rate  above  the  boiling  point  than  below  it     Ice  e 
at  the  rate  of  Vae.oooth  of  its  length  for  one  degree  Fahrenheit;  which,  fii 
180®,  would  be   Vaooth  of  its  length, — greatly  more  than  that  of  any  metal 

Expansion  of  Liquids. 

The  measurement  of  the  expansion  of  liquids  by  the  application  of 
cannot  well  be  taken  lineally;  that  is,  as  linear  expansion,  in  the 
in  which  the  expansion  of  solids  is  observed.  For  liquids  must  be  caor] 
tained  in  vessels,  which  only  admit  of  expansion  in  one  direction,  seeing.] 
that  the  liquid  is  limited  by  the  bottom  and  sides  of  the  vessel,  whidb: 
throw  the  whole  of  the  expansion  or  enlargement  of  volume  upwards.  Thel  ^ 
observations  on  the  expansion  of  liquids,  therefore,  though  measured  ml"' 
one  direction  only,  necessarily  indicate  the  cubical  expansion  or  totdl'' 
enlargement  of  volume.  But,  of  course,  it  is  easy  to  reduce  the  expansion  1" 
of  a  liquid  for  comparison  with  the  linear  expansion  of  a  solid  by  taking  |^ 
one-third  of  the  observed  measurement 

When  the  temperature  of  water  at  the  freezing  point,  32®  F.,  is  raised,  .^^ 
the  water  does  not  at  first  expand,  but,  on  the  contrary,  contracts  in  volume  | 
until  the  temperature  is  raised  to  39^1  F.,  which  is  7.1  degrees  above  the  1 
freezing  point      This  is  called  "the  temperature  of  maximum  density."  ' 
From  this  point  water  expands  as  the  temperature  rises,  until,  at  46®  F.,  it 
regains  its  initial  volume,  that  is,  the  volume  at  32**  F.     Thence,  it  con- 
tinues to  expand  until  it  reaches  the  boiling  point,  212®  F.,  under  one 
atmosphere.      Passing   this   point   upwards,  if  the    pressure  be  suitably 
increased,  water  continues  to  expand  with  a  rise  of  temperature. 

The  cubical  expansion  of  water  when  heated  from  32°  to   212®  F.  M 

.0466;  that  is,  the  volume  is  increased  from  i  at  32®  F.  to  1.0466  at  212* 

F.     This  expansion  is  rather  more  than  4^  per  cent,  or  between  VaiSt  and 

Vaa^  part  of  the  volume  at  32°.     The  expansion  of  water  increases  in  a 
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Tabic  Na  109. — Expansion  and  Density  of  Pure  Water, 

FROM  3a®  TO  390®  F. 

(Calcnlatcd  by  means  of  Rankine*s  approximate  formula. ) 


ttftTi 

f  Conpsntsve 
Vo&ic 

Comparative 
Daiaity. 

Density, 
or  weight  of 
I  cubic  foot. 

Weight  of 
z  gallon. 

Remarkable  Temperatures. 

Uk. 

Water  at  39* 

Water  at  3a* 

=  I. 

Potinds. 

Pounds. 

i^' 

I.OOOOO 

I.OOOOO 

62.418 

lO.OIOI 

Freezing  point 

35 

0.99993 

1.00007 

62.422 

10.0103 

39- » 

0.99989 

I.OOOII 

62.425 

IO.OII2 

Point  of  maximum  density. 

40 

0.99989 

I.OOOII 

62.425 

10.01 1  2 

1 

45 

0-99993 

1.00007 

62.422 

10.0103 

1 

♦6 

I.OOOOO 

I.OOOOO 

62.418 

lO.OIOI 

f  Same  volume  and  density 
\    as  at  the  freezing  point. ' 

1 

50 

I.000I5 

0.99985 

62.409 

10.0087 

f  Weight  taken  for  ordi- 
(    nary  calculations. 

5»-3 

1.00029 

0.99971 

62.400 

10.0072 

)5 

1.00038 

0.99961 

62.394 

10.0063 

1 

K> 

1.00074 

0.99926 

62.372 

10.0053 

1 

1 

• 

» 

}2 

I.OOIOI 

0.99899 

62.355 

10.0000 

Mean  temperature.            j 

»5 

I.00II9 

0.99881 

62.344 

9.9982 

1 

•0 

1.00160 

0.99832 

62.313 

9-9933 

5 

1.00239 

0.99771 

62.275 

9.9871 

0 

1.00299 

0.99702 

62.232 

9.980 

1 
1 

5 

1.00379 

0.99622 

62.182 

9.972 

1 
1 

0 

1.00459 

0.99543 

62.133 

9.964 

1 

5 

1.00554 

0.99449 

62.074 

9-955 

> 

1.00639 

0.99365 

62.022 

9.947 

{  Temperature  of  conden- 
\    ser  water. 

• 

1.00739 

0.99260 

61.960 

9.937 

> 

1.00889 

0.991 19 

61.868 

9.922 

\ 

1.00989 

0.99021 

61.807 

9.913 

I 

I.OII39 

0.98874 

61.715 

9.897 

1 

I.OI239 

0.98808 

61.654 

9.887 

> 

I.OI390 

0.98630 

61.563 

9.873 

I.OI539 

0.98484 

61.472 

9.859 

1 

I.OI690 

0.98339 

61.381 

9.844 

I.OI839 

0.98194 

61.291 

9.829 

1 

I.OI989 

0.98050 

61.201 

9.815 

1. 02164 

0.97882 

61.096 

9.799 

1 

1.02340 

0.97714 

60.991 

9.781 

1.02589 

0.97477 

60.843 

9.757 

1 

1.02690 

0.97380 

60.783 

9.748 

1.02906 

0.97193 

60.665 

9.728 

1 

1.03 1 00 

0.97006 

60.548 

9.7  II 

1.03300 

0.96828 

60.430 

9.691 

340 
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Table  No.  109  (continued), 

(Calculated  by  means  of  Rankine*s  approximate  formula. ) 


Tempera- 
ture. 


Fahr. 
190 

200 
205 

210 
212 

212 

230 
250 
270 
290 

298 


338 


366 


390 


Comparative 
Volume. 


Water  at  33' 
=  I. 

1.03500 

1.03700 

1.03889 

1. 04 1 4 

1.0434 
1.0444 

1.0466 

1.0529 
1.0628 
1.0727 
1.0838 

1.0899 


I.II18 


I.I3OI 


1. 1444 


Comparative 
Density. 


Water  at  33* 


=  X. 


0.96632 
0.96440 
0.96256 
0.9602 

0.9584 

0-9575 

0.9555 

0.9499 
0.941 1 

0.9323 
0.9227 

0.9175 


0.8994 


0.8850 


0.8738 


Density, 
or  weight  of 
X  cubic  foot. 


Pounds. 

60.314 
60.198 
60.081 

59.93 

59.82 
59.76 

59.64 

59.36 

58.75 
58.18 

57.59 
57.27 

56.14 

55.29 

54.54 


Weight  of 
>n. 


Weight 
I  gtoloi 


Pounds. 

9.672 
9.654 

9.635 
9.6 1 1 

9.594 
9.584 

9.565 

9.520 
9.422 

9-331 
9.236 

9.185 


9.004 


8.867 


8.747 


Rexiuurkable  TempcnlB 


Boiling  point;  by  for 

{Boiling  point;  bji 
measurement 


Temperature  of  ste 
50  lbs.  effective 
sure  per  square  ii 

Temperature  of  ste 
100  lbs.  effective 
sure  per  square  i 

Temperature  of  ste 
150  lbs.  effective 
sure  per  square  u 

Temperature  of  ste 
205  lbs.  effective 
sure  per  square  u 


greater  ratio  than  the  temperature.     The  annexed  table  No.  109 
approximately  the  cubical  expansion,  comparative  density,  and  comp 
volume  of  water  for  temperatures  between  32°  and  212°  F.,  calculal 
means  of  an  approximate  formula  constructed  by  Professor  Rank 
follows : — 


D,  nearly  = 7 — - — 

^     /  +  461        5 


00 


(J 


500       /  +  461 


in  which  Do=  62.425  lbs.  per  cubic  foot,  the  maximum  density  of 
and  D,  =  its  density  at  a  given  temperature  /  F. 

Rule. — To  find  approximately  the  density  of  water  at  a  given  tempt 
the  maximum  density  being  62.425  lbs,  per  cubic  foot.    To  the  given  tei 
ture  in  Fahrenheit  degrees,  add  461,  and  divide  the  sum  by  500. 
divide  500  by  that  sum.      Add  together  the  two  quotients,  and 
124.85  by  the  sum.     The  final  quotient  is  the  density  nearly. 
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The  results  given  by  this  rule  are  very  nearly  exact  for  the  lower  tempem- 
but  for  the  higher  temperatures  they  are  too  great.     For  212°  F.  the 
of  water  by  the  rule  is  59.76  lbs.  per  cubic  foot,  but  it  is  actually 
59.64  lbs.,  showing  an  error  of  about  Vsoo^h  part  in  excess. 
Ran  the  table  it  appears  that  the  density  of  water  at  46°  F.,  or  about 
C,  B  the  same  as  at  the  freezing  point,  32"*  F.,  and  that  the  temperature 
wadmum  density,  39®.!  F.,  or  4*^  C.,  lies  midway  between  those  tempera- 
The  expansion  of  water  towards  and  down  to  the  freezing  point  is 
'/jjjoth  part  of  the  volume  at  the  temperature  of  maximum  density.     It 
"appear  that  in  thus  expanding  from  39^.1  F.  downwards,  the  particles 
water  enter  on  a  preparatory  stage  of  separation,  anticipating  the  still 
father  separation  which  ensues  on  the  conversion  of  water  into  the  solid 
gite;  for  ice  is  considerably  lighter  than  water  and  floats  on  it,  and  its 
kaaltf  is  little  more  than  nine-tenths  that  of  water. 

In  passing  upwards  from  the  freezing  point  towards  higher  temperatures, 
Ae  increase  of  volume  of  water  by  expansion,  in  parts  of  the  volume  at 
defreezing  point,  is  as  follows: — 

Expansion  in 

parts  of  the  volmae 

at  3a*  F. 

at  5  2°. 3  F.  corresponding  to  the  weight  per  cubic  foot 

(62.4  lbs.)  usually  taken  for  ordinary  calcu-       per  cent 
lations .03 

at   62**       the  mean  temperature .10. 

at  100'*       the  temperature  of  condenser  water. .64 

at  212^        the  boiling  point 4.66 

at  298*       the  temperature  of  steam  of  50  lbs.  effective 

pressure  per  square  inch 9.0 

at  338*        the  temperature  of  steam  of  100  lbs.  effective 

pressure  per  square  inch 11.2 

at  366®        the  temperature  of  steam  of  150  lbs.  effective 

pressure  per  square  inch 13.0 

at  390*        the  temperature  of  steam  of  205  lbs.  effective 

pressure  per  square  inch 14.4 

rhe  expanded  volume  of  some  liquids  from  32°  to  212°  F.  is  given  in 
le  Na  no;  that  is,  the  apparent  expansion  as  seen  through  glass.  It 
Iiown  that  alcohol  and  nitric  acid  are  the  most  expansible,  and  water 
1  mercury  the  least;  the  former  expand  one-ninth  of  their  initial  volume, 
.  of  the  latter,  water,  as  already  stated,  expands  Vaad  part,  and  mercur}' 
fh  part  of  their  initial  volumes  respectively.  Observations  on  the 
>lute  expansion  of  mercury  are  added,  and  they  show  that  whereas  the 
arent  expansion  in  glass  is  ^Usth  part,  the  real  expansion  is  Vss^^  P^^^ 
he  initial  volume. 

To  other  liquid  besides  water  has  a  point  of  maximum  density;  that  is, 
MDt  higher  than  the  freezing  point  of  the  liquid. 
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Table  No.  no.— Expansion  of  Liquids  sr  HeaTjFR0M3»'' toii»" 

Apparent  Expansion,  in  Glus. 

LiouTU. 


Alcohol 

Nitric  Acid 

Olive  Oil 

Linseed  Oil 

Turpentine 

Sulphuric  Ether 

Hydrochloric  Acid  (density  1,137) 

Sulphuric  Add  (density  1.850) 

Water  saturated  with  Sea  Salt 

Water 

Mercury 


Absolute  Expansion  of  Mercury. 


Mercury,  rrom    32°  to  iii"  F.  (    0°  to  100°  C),  Dulongand  Petit,  i.oiSotSo  t/^^ 

o.      from  3ii°  to  392°  F.  (Itx)"  lo  zoo"  C),  do.  1.01S4331  i/j(j 

o.      from  392°  lo  573°  F.  (300°  lo  300°  C.},  do.  1.01S8679  t/g  ^ 

o.     from   3i°io2ia°F.  (    o°ioiai°C.),  Regnault,       1.0181530  '/»"! 


Expansion  of  Gases  by  Heat. 

Gases  are  divisible  into  two  classes — permanent  gases  and  vapoonf 
Gases  for  which  great  pressure  and  extremely  low  temperatures  are  neoe»-l 
sary  to  reduce  them  to  the  liquid  form,  are  called  permanent  gases,  and  i 
those  which  exist  in  the  fluid  state  under  ordinary  temperatures,  are  called  1 
vapours.  I 

The  influence  of  he.it  In  expanding  a  permanent  gas  maintained  under  3  I 
constant  pressure,  is  such  that,  for  equal  increments  of  temperature,  the  I 
increments  of  volume  by  expansion  are  also  equal  or  very  nearly  equal;  in  1 
other  words,  the  gas  expands  uniformly,  or  vcr)'  nearly  uniformly,  in  pro- 
portion to  the  rise  of  temperature. 

Again,  it  has  been  observed  that  when  the  volume  of  permanent  gases  is 
maintained  constant,  the  pressure  increases  uniformly,  or  nearly  uniformly,  j 
with  an  increase  of  temperature. 

A  perfect  or  ideal  ^s  is  one  which,  under  a  constant  pressure,  expands 
with  perfect  uniformitj-  in  proportion  to  the  rise  of  temperature;  and  of  which.    I 
also,  when  confined  to  a  constant  volume,  the  pressure  increases  with  per-    I 
feet  uniformity  in  proportion  to  the  rise  of  temperature. 

When  the  temperature  of  atmospheric  air  is  raised  from  32°  to  an*  F.. 
the  following  are  the  total  increments  of  volume  or  of  pressure,  according 
to  the  treatment,  as  determined  by  Regnault,  when  the  volume  at  32°  is 
taken  as  i : — 
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given  by  this  rule  are  very  nearly  exact  for  the  lower  tempera- 
the  higher  temperatures  they  are  too  great.  For  212°  F.  the 
:erby  the  rule  is  59.76  lbs.  per  cubic  foot,  but  it  is  actually 
L,  showing  an  error  of  about  Vsooth  part  in  excess, 
table  it  appears  that  the  density  of  water  at  46°  F.,  or  about 
ame  as  at  ^e  freezing  point,  32°  F.,  and  that  the  temperature 
lensity,  39^1  R,  or  4°  C.,  lies  midway  between  those  tempera- 
jq>aiision  of  water  towards  and  down  to  the  freezing  point  is 
)f  the  volume  at  the  temperature  of  maximum  density.  It 
that  in  thus  expanding  from  39°.!  F.  downwards,  the  particles 
r  on  a  preparatory  stage  of  separation,  anticipating  the  still 
ition  which  ensues  on  the  conversion  of  water  into  the  solid 
is  considerably  lighter  than  water  and  floats  on  it,  and  its 
e  more  than  nine-tenths  that  of  water. 

upwards  from  the  freezing  point  towards  higher  temperatures, 
>f  volume  of  ii'ater  by  expansion,  in  parts  of  the  volume  at 
oint,  is  as  follows : — 

Expanuonin 

parts  of  the  volmae 

at  3a*  F. 

F.  corresponding  to  the  weight  per  cubic  foot 

(62.4  lbs.)  usually  taken  for  ordinary  calcu-       per  cent 
Lations .03 

the  mean  temperature .10  . 

the  temperature  of  condenser  water .64 

the  boiling  point 4.66 

the  temperature  of  steam  of  50  lbs.  effective 

pressure  per  square  inch 9.0 

the  temperature  of  steam  of  100  lbs.  effective 

pressure  per  square  inch 11.2 

the  temperature  of  steam  of  150  lbs.  effective 

pressure  per  square  inch 13.0 

the  temperature  of  steam  of  205  lbs.  effective 

pressure  per  square  inch 14.4 

ded  volume  of  some  liquids  from  32°  to  212*  F.  is  given  in 
3;  that  is,  the  apparent  expansion  as  seen  through  glass.  It 
;  alcohol  and  nitric  acid  are  the  most  expansible,  and  water 
the  least;  the  former  expand  one-ninth  of  their  initial  volume, 
tter,  water,  as  already  stated,  expands  '/aa^  P^'^^  ^^^  mercur}^ 
>f  their  initial  volumes  respectively.  Observations  on  the 
nsion  of  mercury  are  added,  and  they  show  that  whereas  the 
ansion  in  glass  is  '/es^h  part,  the  real  expansion  is  Vss^  P^''^ 
volume. 

quid  besides  water  has  a  point  of  maximum  density;  that  is, 
r  than  the  freezing  point  of  the  liquid. 
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The  first  part  of  the  table,  No.  iii,  on  the  expansion  of  gases  by  heat, 
shows  that  the  expansion,  which  is  a  little  more  than  a  third  of  die  initid 
volume,  is  nearly  the  same  for  air,  hydrogen,  and  carbonic  oxide,  whidi  m 
sensibly  perfect  gases,  and  have  never  been  liquefied.  On  the  contzaqr, 
carbonic  acid,  cyanogen,  and  sulphurous  acid  have  a  greater  enlargement  of 
volume  than  those  gases,  and  they  are  gases  which  may  easily  be  liquefidL 

The  second  part  of  the  table,  column  4,  shows  that,  when  the  volume 
is  constant,  the  pressure  is  increased  nearly  in  the  same  proportion  as  the 
volume  is  increased,  when  the  pressure  is  constant  This  nearness  of  the 
proportions  is  particularly  close  in  the  cases  of  the  three  sensibly  perfect 
gases, — air,  hydrogen,  and  carbonic  oxide. 

The  next  table.  No.  112,  contains  the  results  of  Regnault's  experiments 
on  the  expansion  of  gases  from  32**  to  212°  F.,  under  various  constant 
pressures  of  from  i  to  3^  atmospheres.  It  is  shown  that  the  expansions  of 
air  and  of  hydrogen  are  sensibly  the  same,  whether  the  constant  pressure  be 
I  atmosphere  or  between  3  and  4  atmospheres ;  whilst  the  expansions  of 
carbonic  acid  and  sulphurous  acid  are  higher  at  the  higher  pressure. 

The  deductions  of  Regnault,  from    his  experiments,  comprised  die ^ 
following  principles : — 

That  for  air,  and  all  other  gases  except  hydrogen,  the  coefRcient  of 
dilatation,  or  the  increment  of  expansion  for  one  degree  rise  of  tempeiatine, 
increases  to  some  extent  with  their  density. 

That  all  gases  possess  the  same  coefficient  of  dilatation  when  in  a  state 
of  extreme  tenuity ;  but  that  this  law  is  departed  from  as  gases  beoome 
dense. 

Adopting,  nevertheless,  the  mean  of  the  results  of  the  experiments  of  IL 
Regnault  and  of  M.  Rudberg,  the  expansion  of  one  volume  of  air  measured 
at  32°  F.,  when  heated  to  212°  F.,  under  a  constant  pressure,  will,  for  future 
calculation,  be  taken  as  equal  to  0.365 ;  the  ratio  of  the  initial  to  the 
expanded  volume  being  as  i  to  1.365.  As  the  expansion  is  uniform  widi 
the  rise  of  the  temperature  through  180**,  the  expansion  for  each  degree 
Fahr.  is — 


.3654.180=  , 

493-2 

the  volume  at  32**  F.  being  =  i.  The  same  uniform  rate  of  expansion  holds 
sensibly  for  temperatures  higher  than  212°;  it  has  been  verified  experi- 
mentally up  to  700°  F.,  under  one  atmosphere.  It  is  inferred  that,  con- 
versely, air  would  contract  uniformly  under  uniform  reductions  of  temperature 
below  32°  F.,  until,  on  arriving  at  493^2  below  the  freezing  point,  or 
461°.  2  F.  below  zero,  the  air  would  be  reduced  to  a  state  of  collapse, 
without  elasticity.  This  point  in  the  Fahrenheit  scale  has  thus  been 
adopted  as  that  of  absolute  zero,  standing  at  the  foot  of  the  natural  scale  of 
temperature;  and  the  temperature,  measured  from  absolute  zero,  or 
-  461^2  F.,  is  called  the  absolute  temperature. 

Accordingly,  if  a  given  weight  of  air  at  o®  F.  be  raised  in  temperature  to 
+  461°  F.,  under  a  constant  pressure,  it  is  expanded  to  twice  its  original 
volume;  and  if  heated  from  o**  F.  to  twice  461**,  or  922°,  its  original 
volume  is  trebled. 

In  brief,  it  follows  that,  sensibly. 
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pressure  of  air  varies  inversely  as  the  volume  when  the  tempera- 
ant 

pressure  varies  directly  as  the  absolute  temperature  when  the 
(Dstant. 
rohime  varies  as  the  absolute  temperature  when  the  pressure  is 

product  of  the  pressure  and  volume  is  proportional  to  the 

tperature. 

ute  zero-point  by  different  thermometrical  scales  is  as  follows : — 

Reaumur -2i9°.2 

Centigrade -274® 

Fahrenheit -  46 1°.2 

calculation,  the  decimal  is  usually  dropped  from  the  Fahrenheit 
which  is  taken  as  -  461°. 

Ding  laws  do  not  apply  exactly  to  the  expansion  and  contraction 
easily  condensable  gases,  for  these,  as  they  approach  the  point 
on,  become  sensibly  more  compressible  than  air.  Oxygen, 
irogen,  nitric  oxide,  and  carbonic  oxide  follow  the  same  ratio  of 
as  that  of  air,  being  incondensable  gases,  at  least  as  far  as  100 
of  pressure.  Sulphurous  acid,  ammoniacal  gas,  carbonic  acid, 
ie  of  nitrogen,  which  have  been  proved,  on  the  contrary,  to  be 
,  become  sensibly  more  compressible  than  air  when  they  are 
jne-third  or  one-fourth  of  their  original  volume  at  atmospheric 
Carbonic  acid,  under  five  atmospheres,  occupies  only  97  per 
volume  which  air  occupies  under  the  same  pressure ;  and  under 
>heres,  near  the  condensing  point,  it  occupies  only  74  per  cent., 
•ee-fourths  of  the  volume  of  air  at  the  same  pressure.  It  has. 
f  been  established  that  all  gases,  at  some  distance  from  the 
dmum  density  for  the  pressure,  beyond  which  point  they  must 
msibly  follow  the  first  law  above  recited,  according  to  which  the 
[  the  density  vary  directly  as  each  other,  when  the  temperature 

With  such  limitations,  they  rank  as  perfect  gases. 
No.  113  contains  examples  of  the  progressive  pressures  required 
air,  nitrogen,  carbonic  acid,  and  hydrogen,  into  one-twentieth 
l^al  volumes,  founded  on  experiments  made  by  M.  Regnault. 
!S  arc  expressed  in  metres  of  mercury,  the  pressure  of  a  column 
►ne  metre  high  being  equal  to  19.34  lbs.  per  square  inch.  The 
that  hydrogen  is  the  most  perfect  type  of  gaseity.  When 
to  a  twentieth  of  its  original  volume,  it  supports  something 
Fcnty  times  the  original  pressure.  Air,  on  the  contrary,  requires 
a  metre  less  than  20  metres  of  pressure ;  nitrogen  requires  a 
etre  less;  and  carbonic  acid,  like  an  overloaded  spring,  3^ 
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Table  No.  113. — Compression  of  Gases  by  Pressure  uhdk 

Constant  Temperature. 


Ratio  of  the 

Pressure  in  Metres  of  Mercoiy  fa 

r 

original  volume 
to  the  reduced 

volume. 

Air. 

Nitrogen. 

Carbonic  Acid. 

Hydrogen. 

Metres. 

Metres 

Metres. 

Metres. 

I 

1. 000 

1. 000 

1. 000 

I.OOO 

2 

1.998 

1-997 

1.983 

2.001 

4 

3-987 

3.992 

3.897 

4.007 

6 

5-970 

5-980 

5.743 

6.018 

8 

7.946 

7.964 

7.519 

8.034 

10 

9.916 

9.944 

9.226 

10.056 

12 

11.882 

II.919 

10.863 

12.084 

14 

13845 

13.891 

12.430 

I4.II9 

16 

15-804 

15.860 

13.926 

16.162 

18 

17.763 

17.825 

15.351 

I8.2II 

20 

19.720 

19.789 

16.705 

20.269 

Note, — 20  metres  of  mercury  are  equal  to  a  pressure  of  386.8  lbs.  per  square 
26.3  atmospheres. 

Relations  of  the  Pressure,  Volume,  and  Temperature  ( 

AND   OTHER   GaSES. 

In  accordance  with  the  relations  of  pressure,  volume,  and  temj 
above  stated,  it  is  found  that  air  and  other  perfect  gases,  and, 
practical  limits,  the  permanent  gases  generally,  are  expanded  by  hea 
rate  of  ^j^^x  part  of  their  volume  at  o**  F.  for  each  degree  of  temp 
under  a  constant  pressure.  If  the  volume  at  the  freezing  point,  32' 
taken  as  the  point  of  departure,  the  denominator  of  the  frac 
(461° +  32**  =  )  493°,  and  the  expansion  is  at  the  rate  of  '/493  part 
volume  at  32**  F.  for  each  degree  of  temperature.  In  general, 
other  initial  temperature  the  denominator  of  the  fraction  showing 
of  expansion  for  each  degree  is  found  by  adding  461°  to  the  initial  t« 
ture.  But,  for  convenience  of  calculation,  the  initial  temperature  is 
taken  at  0°  F. 

Similarly,  the  pressure  of  air  having  a  given  constant  volume,  is  in 
by  heat  at  the  rate  of  '/461  part  of  the  pressure  at  o**  F. 

The  fraction  of  expansion  when  the  pressure  is  constant,  and  the 
of  pressure  when  the  volume  is  constant,  for  each  degree  of  tempera 
Fahrenheit's  scale  above  0°,  is,  then, 

I 
461' 

and  the  same  fraction  expresses  the  rate  of  contraction  of  volume  f 
degree  of  temperature  below  0°  F. 

A  number  of  proportions  and  rules  for  the  relations  of  the  p 
volume,  and  temperature  of  a  constant  weight  of  a  gas  are  readily  c 
from  the  above  defined  ratios. 
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1.  When  the  pressure  is  constant,  the  volume  varies  as  the  absolute 
;or, 

V  :  V  :  ;  /  +  461  :  Z'  +  461,  and 
V'  =  v(±^; /,) 

I  which  Vis  the  volume  of  the  air  or  other  gas  at  the  temperature  /,  and 

'ii  the  volume  at  the  temperature  /'.     Whence  the  rule — 

JtuLE  I.  Ta  find  the  volume  of  a  constant  weight  of  air  or  other  permanait 

It  any  other  temperature,  when  the  volume  at  a  given  temperature 
ifaxwn,  the  pressure  being  constant.     Multiply  the  given  volume  by  the 

absolute  temperature,  and  divide  by  the  given  absolute  temperature. 

quotient  is  the  new  volume. 
Akii— The  absolute  temperature    is    found    by  adding   46 1*'   to   the 

ire  indicated  by  the  Fahrenheit  thermometer. 
h  a  common  case  of  the  above  rule,  air  may  be  taken  at  the  mean 
J,  62'  F.     The  increased  volume,  by  expansion  by  heat,  taking 
initial  volume  =1,  is  found  by  substitution  and  reduction  to  be  as 

y,^/ 4-461     (2) 

523 

Rule  2.  To  find  the  increased  volume  of  a  constant  weight  of  air,  of 
Ui  the  initial  volume  =  1,  taken  at  62""  F.,  heated  under  a  constant 
Ksure,  to  a  given  temperature.  To  the  given  temperature  add  461,  and 
iiide  the  sum  by  523.     The  quotient  is  the  increased  volume  by  expan- 

I.  When  the  temperature  of  a  constant  weight  of  air,  or  other  gas,  is 
■slant,  the  volume  varies  inversely  as  the  pressure ;  or, 

V  :  V  :  :  /  :  /,  and 
V'  =  V^; (3) 

rhkh  V  and  V  are  the  volumes  respectively  at  the  pressures  /  and  /'. 
.ULE  3.    To  find  the  volume  of  a  constant  weight  of  air  or  other  permanent 

for  any  pressure,  when  the  volume  at  a  given  pressure  is  known, 
temperature  remaining  constant  Multiply  the  given  volume  by  the 
Q  pressure,  and  divide  by  the  new  pressure.  The  quotient  is  the  new 
me. 

When  the  pressure  and  temperature  of  a  constant  weight  of  air  or 
r  gas  both  change,  the  volume  varies  in  the  compound  ratio  of  the 
lute  temperature  du-ectly,  and  the  pressure  inversely ;  or, 

V  :  V  ::/(/  +  46i)  :/(/'  +  46i); 
or  V'/'(^  +  46i)  =  V/(/'  +  46i),  and 
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Rule  4.   To  fifid  the  volume  of  a  constcuit  weight  of  air  or  other  ^ 
^as  for  any  other  pressure  and  temperature,  when  the  volume  ii 
at  a  given  pressure  and  temperature.     Multiply  the  given  volume 
given  pressure,  and  by  the  new  absolute  temperature,  and  divide  \k 
new  pressure,  and  by  the  given  absolute  temperature.     The  quotient  *^ 
new  volume. 

4.  When  the  volume  and  temperature  of  a  constant  weight  of 
other  gas  both  change,  the  pressure  varies  in  the  compound  ratio 
absolute  temperature  directly,  and  the  volume  inversely. 

/  :/  ::  V'(/+46i)  :  V(/'  +  46i); 
or  V'/  (/+46i)  =  V/  (/'  +  461),  and 

.        V(/-4.46l) (. 

Rule  5.  To  find  the  pressure  of  a  constant  weight  of  air  or  other 
gas  for  any  other  volume  and  temperature,  when  the  pressure  is  knowni 
a  given  volume  and  temperature.     Multiply  the  given  pressure  bjr 
given  volume,  and  by  the  new  absolute  temperature,  and  divide  t^ 
new  volume,  and  by  the  given  absolute  temperature.     The  quotient  is 
new  pressure. 

For  the  common  case,  when  the  initial  temperature  is  62®  F.,  and 
initial  pressure  is  14.7  lbs.  per  square  inch,  the  formula  (5)  becomes, 
substitution  and  reduction, 

V(/'-H460 .^ 

^      35-58  v  ^  '     m 

Rule  6.   To  find  the  pressure  of  a  constant  weight  of  air  or  other  gas  t(Am 
at  62°  F.,  and  at  14.7  ibs.  pressure  per  square  inchy  with  a  given  volume, 
any  other  volume  and  temperature.     Multiply  the  initial  volume  by  thcl 
final  temperature  plus  461,  and  divide  the  product  by  the  final  volume," 
and  by  35.58.     The  quotient  is  the  new  pressure  in  lbs.  per  square  inch. 

When  the  volume  is  constant,  with  an  initial  temperature  of  62°  F.,  and 
an  initial  pressure  of  14.7  lbs.  per  square  inch,  the  above  formula  (6)  is^ 
simplified  thus : — 

'•-lif '"  I 

Rule  7.   To  find  the  pressure  of  a  constant  weight  of  air  or  other  gas  taken  ; 
at  62°  F.,  and  at  14.7  ibs,  pressure  per  square  inch^  with  a  constant  volume, 
for  a  given  temperature.     Add  461  to  the  given  temperature,  and  divide 
the  sum  by  35.58.     The  quotient  is  the  pressure  in  lbs.  per  square  inch. 

5.  The  mutual  relations  of  pressure,  volume,  and  temperature  are  con- 
densed in  the  following  formula  : — 

V/*/  +  46i, {a) 

the  product  of  the  volume  and  pressure  of  a  constant  weight  of  air  being 
proportional  to  the  absolute  temperature.  And,  as  that  product  bears 
always  the  same  ratio  to  the  absolute  temperature,  an  equation  may  be 
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between    Uiem  by  multiplying  the  absolute  temperature  by  a 
oeffidenty  which  may  be  put  =  a.    Then — 

V/  =  ff  (/+461); {b) 

hat  is,  the  product  of  the  volume  and  pressure  of  a  constant  weight  of  air 
IT  odier  pennanent  gas,  is  equal  to  the  absolute  temperature  multiplied  by 
L  constant  coefficient,  which  is  to  be  determined  for  each  gas  according  to 
If  density. 

Special  Rules  for  One  Pound  Weight  of  a  Gas, 

The  application  of  formula  {b)  to  a  particular  constant  weight  of  gas,  will 
suffice  for  many  purposes.  Let  the  constant  weight  be  one  pound  of  gas. 
To  settle  the  coefficients  for  the  different  gases,  take,  for  example,  the 
lemperature  32**  F.,  giving  an  absolute  temperature  of  493**,  and  the  pressure 
QDC  atmosphere,  or  14.7  lbs.  per  square  inch.  The  volume  of  one  pound 
rfairat  this  temperature  and  this  pressure  is  as  before  stated,  12.387  cubic 
feet    Substitute  these  values  for  V,  /,  /,  in  the  formula  (^),  then — 

12.387  X  14.7=^x493, 
ihcnce  the  coefficient,  a,  for  air  is — 

«  =  -36935»  or 


2.7074 


aad  the  formula  (b)  becomes,  for  air, 

/  +  461. 


V/  = 


2.7074 


(O 


TiMc  No.  114. — Of  Coefficients  or  Constants,  a,  in  the  Equation 
(b)  FOR  THE  Relations  of  the  Volume,  Pressure,  and  Tem- 
perature OF  Gases;  namely,  V  p  ■=^  a  (/  +  461). 


Name  of  gas. 


Volume  of  one  pound  of 

gas,  at  33"  F.,  under 

one  atmosphere. 


Value  of  coefficient  a. 


Hydrogen 

Gaseous  steam 

Nitrogen 

Oiefiant  gas 

Air 

Oxygen 

Caibonic  add  (ideal)* 
Do.      do.  (actual) 

bhcr  vipom* 

Tapour  of  mercury* ... . 


cubic  feet. 

178.83 

19-913 
12.723 

12.580 

12.387 

11.205 

8.157 

8.IOI 

4.777 
1.776 


5.33200, 

0.59372, 

0.37937, 
0.37506, 

0.36935, 
0.33406, 

0.24322, 

0.24155, 

0.14246, 

0.05296, 


or  V0.X87S 

or  Vi.684a 

or  Va.6359 

or  Va.666a 
or  */a.7074 
or  7a-9935 
or  'AiiM 
or  74-«399 
or  V7.o«9S 
or  Vi8.87« 


*  Tbe  densities  are  compated  by  Rankine  for  the  ideal  condition  of  perfect  gas. 
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that  is  to  say,  the  volume  of  one  pound  of  air,  multiplied  by  the 
per  square  inch,  is  equal   to  the  absolute   temperature  divided  by; 
constant  2.7074. 

To  adapt  the  formula  {b)  for  other  gases,  the  respective  coeffici< 
constants,  are  found  in  the  same  manner,  in  terms  of  the  volume  of 
pound  of  each  gas,  at  32°  F.,  under  one  atmosphere  of  14.7  lbs.  per 
inch.     They  are  given  in  table  No.  114. 

6.  The  volume  of  one  pound  of  air  at  any  pressure  and  any  tem] 
is  deduced  as  follows: — 

Y^-^^^   (8) 

2.7074/  ^        ' 

Rule  8. — To  find  the  volume  of  one  pound  of  air,  of  a  given  tanperaim 
and  pressure.  Divide  the  absolute  temperature  by  the  pressure  in  lbs.  pi 
square  inch,  and  by  2.7074.     The  quotient  is  the  volume  in  cubic  feet 

For  the  ordinary  case  when  the  pressure  is  constant  at  14.7  lbs.  pc 
square  inch,  the  formula  (8)  becomes,  by  substituting  and  reducing, 

^  =  1^8T   (9) 

Rule  9. — To  find  the  volume  of  one  pound  of  air  under  14.7  &s.  pressm 
per  square  inch,  at  a  given  tctnperature.  Add  461  to  the^temjjeraturc,  an 
divide  the  sum  by  39.80.     The  quotient  is  the  volume  in  cubic  feet 

7.  The  pressure  of  one  pound  of  air  of  any  volume,  and  at  any  tempei 
ture,  is  found  as  follows: — 

/  = ^^-^   (10) 

^     2.7074  V  ^     ' 

Rule  10. — To  find  the  pressure  of  one  pound  of  air,  of  a  given  temperatu 
and  volume.  Divide  the  absolute  temperature  by  the  volume  and  by  2.707 
The  quotient  is  the  pressure  in  lbs.  per  square  inch. 

8.  The  temperature  of  one  pound  of  air  of  any  volume  and  pressure 
found  as  follows : — 

/=  2.7074  V/- 461   (11) 

Rule  i  i. — To  find  the  temperature  of  one  pound  of  air,  of  a  given  volu 
a9ul  pressure.  Multiply  the  volume  by  the  pressure  in  pounds  per  squj 
inch,  and  also  by  2.7074;  subtract  461  from  the  product.  The  remain( 
is  the  temperature. 

9.  The  density  of  air  is  inversely  as  the  volume,  and  is  expressed  by 
inversion  of  the  formula  (8),  for  the  volume;  thus,  putting  D  for  the  dens; 
or  the  weight  in  pounds  of  one  cubic  foot  of  air — 


^  =  ''°7^/^ <") 
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Rule  12. — To  find  the  density  of  air,  at  a  given  temperature  and  presst 
Multiply  the  pressure  in  pounds  per  square  inch  by  2.7074,  and  div 
by  the  absolute  temperature.  The  quotient  is  the  density,  or  weight 
pounds  of  one  cubic  foot. 


VOLUME,   DENSITY,   AND   PRESSURE   OF   AIR. 

eNa  115. — Volume,  Density,  and  Pressure  of  Air  at 
Temperatures. 


VitemcgrwKpnmdofniru       Dn 

i™b"'^ftf 

PrtMure  ol  •  jpvtn  i«™hl  of  air 

D.iij.'^rl:?sti^T.  " 

""^™wS™""^ 

«™i«" 

«bicf«i. 

pounds 

^"bis:    T= 

'AnbBL 

"xr' 

0° 

i>-SS3 

.881 

086331 

.2.96 

881 

3a 

...387 

943  1 

080728 

13.86 

943 

40 

...586 

958  1 

079439 

.4.08 

958 

r 

12.840 

977 

077884 

■436 

977 

61 

13141 

000 

076097 

14-70      I 

000 

70 

>3-34» 

o'5 

074950 

14.92       I 

015 

Bo 

13-593 

034 

073565 

15-21       1 

034 

90 

13-845 

054 

072230 

•549             ' 

054 

100 

14.096 

073 

070943 

'5-77             ■ 

073 

110 

14-59" 

III 

068500 

16.33 

140 

15-100 

149 

066221 

16.89             I 

149 

1     160 

15-603 

187 

064088 

17.50             I 

.87 

180 

i6.i1>6 

226 

062090 

226 

100 

i6,6ofi 

264 

o6o2to 

18^58             I 

264 

1   110 

t6.86o 

2S3 

059313 

18.86             I 

283 

1    111 

16.910 

287 

05913s 

18.92             I 

287 

110 

17.111 

302 

058442 

ig.14             I 

302 

xso 

17-36* 

32' 

057596 

19.42             t 

321 

140 

17-612 

340 

056774 

ig.70             1 

340 

350 

17S65 

359 

05597s 

19.98             I 

359 

a6o 

18.116 

379 

055200 

20.27             ' 

379 

270 

18.367 

398 

054444 

20.55             ' 

398 

280 

i8.6ji 

417 

oS3;'o 

20,83             1 

417 

ago 

18.870 

436 

052994 

21,11                    1 

436 

300 

19.121 

4SS 

052297 

21.39                   I 

455 

320 

19.624 

493 

050959 

21.95             ' 

493 

340 

mi  26 

532 

0496S6 

22.51             I 

532 

360 

20.630 

570 

048476 

23.08             I 

S70 

380 

21.131 

608 

047323 

23,64             1 

608 

400 

21-634 

646 

046223 

24.20             I 

646 

4^5 

22.262 

694 

044920 

24.90             I 

694 

450 

22.890 

742 

043686 

25,61             I 

742 

475 

23-5'8 

7S9 

042520 

26,31             I 

789 

500 

24.146 

837 

041414 

27,01             1 

837 

52s 

24-775 

885 

040364 

27.71             1 

885 

550 

25-403 

933 

039365 

28.42 

933 

575 

26.03 1 

981 

038415 

29.12             1 

98. 

600 

26.659 

2.029  1 

037S'o 

.9-82 

Ojq 
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Table  No.  115  {continued). 


Temperature. 


Fahrenheit. 

650 
700 

800 

850 
900 

1000 

1500 
2000 
2500 
3000 


Volume  of  one  pound  of  air  at 
constant  atmospheric  pressure, 

14.7  lbs.  per  square  inch. 
DeUum — ^Volume  at  6a*  F.  = 


z. 


cubic  feet. 

27.915 
29.172 

30.428 

31.685 

32.941 

34.197 

35.453 
36.710 

49.274 
61.836 

74.400 

86.962 


comparative 
volume. 

2.124 

2.220 

2.315 
2.41 1 

2.507 
2.602 

2.698 
2.793 

3-749 
4.705 
5.661 

6.618 


Density,  or  weight 

of  one  cubic  foot  of 

air  at  atmospheric 

pressure. 


pounds. 

.035822 
.034280 
.032865 
.031561 

•030358 
.029242 

.028206 

.027241 

.020295 
.016172 
.013441 
.011499 


Pressure  of  a  gi' 

having  a 
Datum", 

6a* 


pounds, 
square  indu 

31.23 

32.63 

34.04 

35.44 

36.85 
38.25 
39.66 
41.06 

55." 
69.17 
83.22 
97.28 


( 


Note  to  Rules  8,  lo,  1 1, 12. — ^The  coefficients  or  constants  for  oth 
in  the  application  of  the  preceding  five  formulas  and  rules,  are 
table  No.  114. 

The  table  No.  115  contains  the  volume,  density,  and  pressure  < 
various  temperatures  from  0°  to  3000**  F.,  starting  from  62®  F.  and  ; 
per  square  inch  respectively  as  unity  for  the  proportional  volumes  a 
sures.  The  second  column  of  the  table,  containing  the  volumes  of  on 
of  air  at  different  temperatures,  was  calculated  by  means  of  the  fora 
page  350.  The  third  column,  of  comparative  volumes,  the  volun 
F.  being  =  i,  was  calculated  by  means  of  formula  (2),  page  347.  Th 
column,  of  density,  contains  the  reciprocals  of  the  volumes  in  co 
but  it  is  calculable  independentiy  by  means  of  formula  (12),  page  35 
fifth  column,  of  pressures,  due  to  the  temperatures,  was  calculated  b 
of  formula  (7),  page  348.  The  sixth  column  contains  the  pressures  e 
comparatively,  the  atmospheric  pressure,  14.7  lbs.  f)er  square  inc 
taken  as  i. ' 

SPECIFIC    HEAT. 

The  specific  heat  of  a  body  signifies  its  capacity  for  heat,  or  the 
of  heat  required  to  raise  the  temperature  of  the  body  one  degree  Fal 
compared  with  that  required  to  raise  the  temperature  of  a  quj 
water  of  equal  weight  one  degree.  The  British  unit  of  heat  is  th 
is  required  to  raise  the  temperature  of  one  pound  of  water  one  d^ 
32**  F.  to  33®  F.;  and  the  specific  heat  of  any  other  body  is  expn 
the  quantity  of  heat,  in  units,  necessary  to  raise  the  temperatun 
pound  weight  of  such  body  one  degree. 

The  specific  heat  of  water  at  32°  F.  is  represented  by  i,  or  ui 
there  are  very  few  bodies  of  which  the  specific  heat  equals  or  exa 
of  water.  Specific  heats  are,  therefore,  almost  universally  expies 
fractions  of  a  unit. 
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It  is  necessary  to  fix  a  standard  of  temperature,  such  as  the  freering 
jttDt,  for  the  datum  of  specific  heat,  as  the  specific  heat  of  water  is  not 
otitlj  the  same  at  different  parts  of  the  scale  of  temperatures,  but  increases 
Ian  appreciable  d^ree,  as  well  as  in  an  increasing  ratio,  as  the  tempera- 
Incises    For  temperatures  not  higher  than  So''  or  90^  F.,  the  quantity  of 
ieat  required  to  raise  the  temperature  of  water  one  d^ree  is  sensibly 
ooostaot ;  at  86°  F.,  it  is  not  above  one-fifth  per  cent  in  excess  of  that  at 
4e  6eezoig-poinL     At  212''  F.,  it  is  about  i^  per  cent  in  excess  of  that 
It 32*  F.     Above  212°  F.,  it  increases  more  rapidly ;  at  302%  it  is  2 f^  per 
Dent,  more  than  at  32^  and  at  402%  it  is  4^  per  cent  more. 

The  average  specific  heat  of  water  between  the  freezing  and  the  boiling 
lomts  is  1.005,  ^i*  one-half  per  cent  more  than  the  specific  heat  at  the 
ttzing  point 

It  follows  firom  the  increasing  specific  heat  of  water,  as  the  temperature 
ses,  that  the  consumption  of  heat  in  raising  the  temperature  is  slightly 
leater  expressed  in  units  than  in  degrees  of  temperature.  To  nuse,  for 
cample,  one  pound  of  water  fi-om  o"*  to  100''  C,  or  from  32"*  to  212°  F., 
oe  are  required  100.5  C  units,  or  180.9  F-  units,  of  heat 
The  specific  heats  of  water  in  the  solid,  liquid,  and  gaseous  state  are 
oaped  as  follows : — 

Ice 0.504 

Water i.ooo 

Gaseous  Steam 0.622 

lOifing  that  in  the  solid  state,  as  ice,  the  specific  heat  of  water  is  only  half 
al  of  liquid  water ;  and  that,  in  the  gaseous  state,  it  is  a  little  more  than 
Ml  of  ice,  or  barely  five-eighths  of  that  of  liquid  water. 
The  q)ecific  heat  of  all  liquid  and  solid  substances  is  variable,  increasing 
nd)ly  as  the  temperature  rises,  and  the  specific  heats  of  such  bodies,  as 
ifaBbted,  are  not  to  be  taken  as  exact  for  all  temperatures,  but  rather  as 
pivoximate  average  values,  sufiliciently  near  for  practical  purposes.  The 
pedfic  heat  of  the  same  body  is,  however,  nearly  constant  for  temperatures 
■der2i2*'F. 

The  specific  heats  of  such  gases,  on  the  contrary,  as  are  perfectly  gaseous, 
V  nearly  so,  do  not  sensibly  vary  with  density  or  with  temperature. 

For  the  same  body,  the  specific  heat  is  greater  in  the  liquid  than  in  the 
nU  state.     For  example : — 

liqtiid.  Solid. 

Water  (specific  heat) i.ooo  0.504 

Bromine        „  o.iii  0.084 

Mercury         „  0.0333        0.0319 

M.  Renault  has  verified,  by  numerous  experiments,  the  conclusion 
mived  at  by  previous  experimentalists,  that,  for  metals,  the  specific  heats 
at  in  the  inverse  ratio  of  their  chemical  equivalents.  Consequently  the 
indocts  of  the  specific  heats  of  metals,  by  their  respective  chemical 
qiofalents,  are  a  constant  quantity.  The  same  rule  holds  good  for  other 
IRXips  of  bodies  of  the  same  composition,  and  of  similar  chemical  constitu- 
tbiL  The  specific  heat  of  alloys  is  sensibly  equal  to  the  mean  of  those  of 
AeaDoyed  metals. 

The  following  are  the  specific  heats  of  water  for  various  tempenh 
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tures  from  o"*  to  230®  C,  or  32'  to  446"*  F.,  by  the  air-thermometer,  cal 
by  means  of  Regnault's  formula : — 

c=i  +  0.00004/ +0.0000009/'; (1 

in  which  c  is  the  specific  heat  of  water  at  any  temperature  /,  the 
heat  at  the  freezing  point  being  =  .1. 

Table  No.  116. — Specific  Heat  of  Water. 


Temperature. 

Units  of  Heat  required  to  raise 

the  temperature  from  the  freezing 

point  to  the  given  temperature. 

Specific  Heat  at 

the  given 

temperature. 

Mean 

Heat 
the  free 
andd 
tempi 

Centigrade. 

Fahrenheit. 

Cent,  units. 

Fahr.  units. 

Freezing  point=x. 

0** 

32^ 

0.000 

0.000 

1. 0000 

10 

50 

10.002 

18.004 

1.0005 

A  •% 

20 

68 

20.010 

36.018 

I.OOI2 

X  a^ 

30 

86 

30.026 

54.047 

1.0020 

M  m\ 

40 

104 

40.05 1 

72.090 

1.0030 

A  ftV 

50 
60 

70 

80 

90 

122 
140 

158 

176 
194 

50.087 
60.137 
70.210 
80.282 
90.381 

90.157 
108.247 

126.378 

144.508 

162.686 

1.0042 
1.0056 
1.0072 
1.0089 
1. 0109 

X«\ 

100 

212 

100.500 

180.900 

I.OI3O 

A  m\ 

no 

230 

1 10.641 

199.152 

I.OI53 

Km\ 

120 

248 

120.806 

217.449 

I.OI77 

Mk  m\ 

130 

266 

130.997 

235.791 

1.0204 

Mk  m\ 

140 

284 

141. 215 

254.187 

1.0232 

ii  %\ 

150 

302 

151.462 

272.628 

1.0262 

X  •  \ 

160 
170 
180 

320 
338 
356 

161. 741 
172.052 
182.398 

291.132 
309.690 
328.320 

1.0294 
1.0328 
1.0364 

190 

374 

192.779 

347.004 

1.040 1 

A  •  \ 

200 
210 
220 
230 

392 
410 

428 

446 

203.200 
213.660 
224.162 
234,708 

365.760 

384.588 
403.488 
422.478 

1.0440 
1. 0481 
1.0524 
1.0568 

T    C 

X  •  * 

The  Specific  Heat  of  Air  and  other  Gases. 

The  specific  heat,  or  capacity  for  heat,  of  permanent  gases  is  i 
constant  for  all  temperatures,  and  for  all  densities.  That  is  to  s 
capacity  for  heat  of  each  gas  is  the  same  for  each  degree  of  temp 
For  air,  M.  Regnault  proved  that  the  capacity  for  heat  was  unif< 
temperatures  varying  from  -30°  C.  to  +  225**  C.  (  -  22®  to  437**  F. 
the  specific  heat  for  equal  weights  of  air,  at  constant  pressure,  ^ 
follows : — 
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Airbetween  -30®    and  +  io®C Specific  heat,  0.2377 

Da  10®    and+ioo''C Do.         0.2379 

Do  100®  and  +  225**  C Do.         0.2376 

Average 0-2377 

The  temperature  is  then  without  any  sensible  influence  on  the  specific 
eat  of  air;  neither  has  the  pressure,  so  far  as  it  has  been  subjected  to 
periment— -fix)m  one  to  ten  atmospheres — any  influence  on  the  magni- 
ie  of  the  specific  heat 

Ihc  specific  heat  of  gases  is  to  be  observed  from  two  points  of  view : — 
,  When  the  pressure  remains  the  same,  and  the  gas  expands  by  heat. 
When  the  volume  remains  the  same,  and  the  pressure  increases  with 
temperature.  There  is  a  striking  difference  in  the  specific  heat,  or 
idty  for  heat,  according  as  it  is  measured  under  an  increasing  volume, 
in  increasing  pressure.  When  the  temperature  is  raised  one  degree, 
er  constant  pressure,  with  increasing  volume,  the  gas  not  only  becomes 
ST  to  the  same  extent  as  when  the  volume  remains  the  same  and  the 
sore  alone  is  increased,  but  it  also  expands  ^/^A  part  of  its  volume 
r^  F.,  and  thus  absorbs  an  additional  quantity  of  heat  in  proportion  to 
voiic  done  by  expansion  against  the  pressure.  It  follows  that  the 
fie  heat  of  a  gas  at  constant  pressure  is  greater  than  that  of  the  same 
inder  a  constant  volume;  and  though  the  former  alone  has  been  made 
ubject  of  direct  experiment,  the  latter  being  of  a  difficult  nature  for 
imenters,  yet  the  latter,  which  is  properly  the  specific  heat,  is  easily 
able  fi*om  the  former  on  the  principle  of  the  mechanical  theory  of 

ten  the  volume  of  a  gas  is  enlarged  by  expansion  against  pressure,  the 
thus  done  in  expanding  the  gas  may  be  expressed  in  foot-pounds  by 
)lying  the  enlargement  of  volume  in  cubic  feet  by  the  resistance  to 
sion  in  pounds  per  square  foot  Having  thus  found  the  work  done 
>t-pounds,  it  may  be  divided  by  Joule's  equivalent,  772,  and  the 
rnt  will  be  the  expression  of  that  work  in  units  of  heat  It  becomes 
,  or  insensible  to  the  thermometer,  and  is  called  the  latent  heat  of 
sion.  It  constitutes  an  expenditure  of  heat  in  addition  to  the  heat 
s  sensible  to  the  thermometer,  and  that  raises  the  temperature.  The 
f  these  two  quantities  of  heat  is  that  which  has  been  observed  in  the 
by  experimentalists,  and  which  gives  the  specific  heat  at  constant 
re. 

oUows  that,  when  the  specific  heat  at  constant  pressure  is  known,  the 
ic  heat  at  constant  volume  may  be  arrived  at  by  subtracting  the  pro- 
n  of  heat  devoted  to  the  enlargement  of  the  volume  from  the  total 
ibsorbed  at  constant  pressure.  The  remainder  is  the  proportion  of 
lecessary  and  sufficient  to  elevate  the  temperature  when  the  volume 
IS  unaltered,  fi*om  which  the  specific  heat  at  constant  volume  is 
ed  by  simple  proportion;  thus — 

As  the  total  heat  absorbed  at  constant  pressure, 

Is  to  the  proportion  of  heat  absorbed  at  constant  volume, 

So  is  the  specific  heat  at  constant  pressure 

To  the  specific  heat  at  constant  volume. 

:  example,  the  specific  heat  of  air  at  constant  pressure  and  with  in- 
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CTeasmg  volume  has  been  observed  lo  be  .3377,  that  of  water  being  t. 
one  pound  of  air  at  atmospheric  pressure,  and  at  31°  F.,  having  a  volt 
equal  to  12.387  cubic  feet,  be  expanded  by  heat  to  twice  its  initial  vohu 
the  pressure  remaining  the  same.  The  absolute  temperature,  ivhich  is 
+  461  -  493°  F.,  will  be  doubled,  and  the  indicated  temperamre  mU 
33  +  493  =  525°  F,  Thus,  493  degrees  of  heat  are  appropriated,  and  if  1 
capacity  for  heat  of  the  air  were  the  same  as  that  of  water,  493  iinit-afbi 
would  be  expended  in  the  process  of  doubling  the  volume,  liui.  ji  i 
specific  heat  is  only  .2377,  or  less  than  a  fourth  of  that  of  watLr, 
ditureof  heat  is  just  493  x  .i^'jt  -  ji^.tS  units,  and  thisquautiu 
the  fraction  of  heat  consumed  in  displacing  the  atmosphere  and  o 
its  resistance  through  a  space  of  11.3S7  cubic  feet  additional  to  the  ori^i 
or  initial  volume  of  the  same  amount.  Now,  the  work  thus  iloi 
to— 

11.387  cubic  feet  x  2116.4  Ihs.  pressure  per  sq.  foot  =26,216  foot-poundy  ? 
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and  dividing  this  by  772,  Joule's  equivalent,  the  woik  of  enlaxgrng 
ling  the  volume  is  found  to  be  equi^'alent  to  33.96  units  of  heat, 
ing  these  33.96  units  from  the  gross  expenditure,  which  is  j  i ;. 
the  remainder,  83.22  units,  is  the  proportion  of  heat  required  to 
temperature  through  493  degrees,  under  an  increasing  pre&iure  simply, 
without  increasing  the  volume;  and  this  remainder  is  the  datum  from  nhii'  ~ 
die  proper  specific  heat  of  air  is  to  be  deduced. 

The  distribution  of  heat  thus  detailed  may  be  concisely  exhibilet 
thus:— 

Uoiu. 

To  double  the  temperature  without  adding  to  the  volume.,..     83.2* 
To  double  the  volume,  in  addition 33.96 

To  double  the  temperature  and  double  the  volume  at  con- 
stant pressure 117.18 

Now,  as  before  stated,  the  specilic  heat  at  constant  volume  bears  the 
same  ratio  to  that  at  constant  pressure,  as  the  respective  quantities,  or  unitt   - 
of  heat,  absorbed,  do  to  each  other,  or  as  83.22  and  117.18;  and  it  is  found 
by  simple  proportion  to  be  ,i688 ;  thus — 

117.18;  83.22  ::  .3377:. 1688. 

The  proper  specilic  heat  of  air  is  then  .1688,  in  nusing  the  temperature 
without  enlarging  the  volume,  and  it  bears  to  the  so-called  specific  heat  of 
air,  at  constant  pressure  and  ivith  expanding  volume,  the  ratio  of  i  to 
1.408. 

This  ratio,  i  to  1.408,  deduced  by  means  of  the  mechanical  theory  of 
heat,  is  practically  identical  with  the  ratio  experimentally  arrived  at  by  Ml 
Masson  from  the  fall  of  temperature  of  a  quantity  of  compressed  air,  which 
was  liberated  and  allowed  to  expand  back  until  it  regained  its  initial  pres- 
sure. The  ratio  he  deduced  from  his  inverse  experiment  was  r  to  1.41; 
which  is  the  ratio  of 
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It  m^  be  added,  by  way  of  explanation,  and  to  enforce  the  distinction, 

^boa^  die  pressure  of  a  gas  under  constant  volume  rises  with  the 

-a  phenomenon  which  is  analogous,  at  first  sight,  to  that  of  the 

of  a  gas  at  constant  pressure  increasing  with  the  temperature, — yet 

is  DO  expenditure  of  work  in  simply  raising  the  pressure  in  the  former 

while  the  vohime  remains  unaltered ;  whereas,  in  the  latter  case,  there 

e]q)enditure  in  increasing  the  volume,  as  has  already  been  shown. 

To  generalize  the  foregoing  process,  by  which  the  specific  heat  of  air  at 

It  volume  has  been  deduced  from  the  specific  heat  for  constant 

i;  and  to  show  its  applicability  for  finding  the  specific  heat  of  all 

at  constant  volume : — 

GiveD  /  =  the  initial  temperature  of  the  gas,  in  degrees  Fahrenheit. 

„     f  =■  the  final  temperature  to  which  the  gas  is  raised. 

„    V  =  the  initial  volume  of  the  gas,  under  one  atmosphere  of  pres- 
sure, in  cubic  feet. 

„    r  =  the  final  volume  of  the  gas,  heated  under  constant  pressure. 

„     A  =■  the  specific  heat  of  the  gas  under  constant  pressure. 
Put     ^  =  the  specific  heat  of  the  gas  under  constant  volume. 

„    H  =  the  total  heat  expended  at  constant  pressure,  in  units  of  heat. 

„    H'=the  total  heat  expended  at  constant  volume. 

„   H''  =  the  fractional  quantity  of  heat  expended  in  increasing  the 
volume,  at  constant  pressure;  or  the  latent  heat  of  expansion. 

To  find  the  value  of  A';  then  by  proportion, 

H  :  H'  :  :  ^  :  >^, 

And  >^  =  -|j-. 

NowH'  =  H-H^ 

And  =j  =  — — — ,  and,  by  substitution, 

XI  XI 

A'J^^' (a) 

Again,  H  =  (/'-/)  x>^, 
And  H''  =  (V-z/)  X  14.7  X  144 -r  772 
=  (V  -  z/)  X    2. 742 ; 

Substituting  this  value  in  equation  (a)  above, 

,,    A(A(/'-t)-2.j42(y-v)). 

or  A' =^J^-AzlJ^£Lzll  (^) 

Whence  the  following  rule: — 

Rule  i.  To  find  the  specific  heat  of  a  gas  at  constant  volume,  when  the 
specific  heat  at  constant  pressure  is  given  together  with  the  initial  and  final 
temperatures  due  to  given  initial  and  final  volumes  under  an  atmosphere  of 


358  HEAT. 

pressure.     Multiply  the  difference  of  the  initial  and  final  tern] 
the  specific  heat  at  constant  pressure.     Also,  multiply  the  difference  of  1 
initial  and  final  volumes  by  2.742.     Find  the  difference  of  these  two- 
ducts,  and  divide  it  by  the  difference  of  the  temperatures.    The  que 
the  specific  heat  of  the  gas  at  constant  volume. 

Applying  the  rule  to  the  example  of  one  poimd  of  air  at 
pressure,  and  at  32°  F.,  doubled  in  volume  by  heat;  ^=.2377,  /'-/« 
and  V  - 1;=  12.387  cubic  feet.     Then 

^-('^377  ><  493)- (2-742  X  12-387)  _  ,5gg 

493  '        ' 

the  specific  heat  of  air  at  constant  volume,  as  already  found. 

The  comparative  volumes  of  other  gases  are  given  in  table  Na 
page  216,  of  the  Weight  and  Specific  Gravity  of  Gases  and  Vapours. 

The  Specific  Heat  of  Gases  for  Equal  Volumes. 

The  specific  heats  of  equal  volumes  of  gases  are  deducible  from 
specific   heats   proper, — which  are  for  equal  weights.     The  greater 
density,  the  less  is  the  volume,  and  the  greater  the  weight  of  gas  that 
necessary  to  equal  in  volume  a  lighter  gas;  it  is  greater,  in  fact,  in  piopcv* 
tion  to  the  density. 

Hence  the  following  rule : — 

Rule  2.  To  find  the  specific  heat  of  a  gas  for  equal  volumes  of  the  ps 
and  of  air.  Multiply  the  specific  heat  of  the  gas,  that  is,  the  specific  heat 
for  equal  weights  of  the  gas  and  air,  by  the  specific  gravity  of  the  gas.  The 
product  is  the  specific  heat  for  equal  volumes. 

Note. — The  specific  heat  for  equal  volumes  may  be  found  for  constant 
pressure,  and  for  constant  volume,  in  terms  respectively  of  the  specific  heat 
of  equal  weights  at  constant  pressure  and  constant  volume. 

Tables  of  the  Specific  Heat  of  Solids,  Liquids,  and  Gases. 

The  annexed  table,  No.  117,  contains  the  specific  heats  of  a  number  of 
solids,  classified  for  convenience  of  reference,  into 

Metals, 

Stones, 

Precious  Stones, 

Sundry  Mineral  Substances, 

Woods. 

It  appears  from  the  tables  that  the  metals,  generally  speaking,  have  the 
least  specific  heat:  ranging  from  bismuth,  having  a  specific  heat  of  .031, 
to  iron,  which  has  a  specific  heat  of  from  .11  to  .13,  and  iridium,  which 
has  the  greatest  specific  heat,  namely,  .189. 

Stones  show  a  specific  heat  of  about  .20,  or  a  fifth  of  that  of  water. 
Precious  stones  average  less  than  that. 

Of  the  sundry  mineral  substances,  glass,  sulphur,  and  phosphorus 
average  about  a  fifth  of  the  specific  heat  of  water,  and  coal  and  coke 
a  fourth. 

Woods  average  a  half  of  the  specific  heat  of  water. 
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It  is  a  useful  practical  conclusion,  as  Dr.  Rankine  remarks,  that  the 
specific  heat  of  the  non-metallic  materials  and  contents  of  a  furnace, 
bricks,  stones,  or  fuel,  does  not  greatly  differ  from  one-fifth  of  that 

viter. 

Of  the  liquids  specified  in  the  table  No.  ii8,  it  appears  that  all,  with  the 
BBcq)tion  of  bromine,  which  has  a  specific  heat  of  i.ii  i,  have  less  specific 
mt  than  water.  Olive  oil  has  the  lowest, — only  .31 ;  alcohol  averages  .65, 
md  vinegar,  .92. 

The  table  No.  119  of  the  specific  heat  of  gases,  contains,  in  the  second 
aoliimn,  their  specific  heat,  for  equal  weights,  at  constant  pressure,  as 
letennined  by  M.  Regnault  The  third  column  contains  the  specific  heat, 
Ev  equal  weights,  at  constant  volume,  calculated  by  means  of  the  Rule  i, 
lixyve.  The  foimh  and  fifth  columns  contain  the  specific  heat  of  gases, 
far  equal  volumes,  at  constant  pressure,  and  at  constant  volume,  arrived 
It  by  means  of  the  Rule  2,  above. 

Tiere  is  a  remarkable  nearness  to  equality  in  the  specific  heat  for  equal 
lohimes  of  air,  oxygen,  hydrogen,  carbonic  oxide,  and  nitrogen.  It  may 
be  noted,  in  particular,  that  hydrogen,  though  it  has  fourteen  times  the 
ipedfic  heat  of  air  for  equal  weights,  and  has  barely  a  fourteenth  of  the 
fasity  of  air,  has  no  more  specific  heat  than  air,  for  equal  volumes. 


Table  No.  117. — Specific  Heat  of  Solids. 

(Authority,  Regnault^  when  not  otherwise  stated.) 


METALS,  from  32*  to  212*  F. 


Bismuth 
Lead..... 


natinum,  sheet .. 

Do.       spongy. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Gold... 


32°  F.  to  212**  F. {Petit  and  Dulong) 

32«  F.  to  572*  F.  (300^  C.) 

at    212°  F.(  ioo'*C.) (Pouilld) 

'.) 


at  572**  F.  (  300°  C. 
at  932^  F.  (  500**  C). 
at  1292**  F.  (  700^  C). 
at  1832**  F.  (1000'' C). 
at  2192^  F.  (1200^  C). 


>} 


i> 


i> 


>i 


» 


Mercury,  solid 

Do.        liquid 

Do.       59**  to  68^  F.  (15**  to  20^  C.) 

Do.       32'*  to  212**  F. {Petit  and  JDuiong) 

Do.       32*'t0  572*F.(3oo**C.) 

Tungsten 

Antimony. 

Do.      32*  to  212**  F. {Petit  and  Duiong) 

Do.      32**  to  572*^  F.  (300^  C.) 

Hn,  English 

Do.  Indian 


Water  at  32'=  I. 


.03084 
.0314 

.03243 
.03293 

•0335 

•0355 

.0335 

.03434 

•0351^ 
.036 

.03718 

.03818 

.03244 

.0319 

.03332 
.029 

.033 

.035 
.03636 

.05077 

.0507 

.0547 

.05695 
.05623 
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Metals  (contintied). 

Cadmium 

Silver 

Do.  32^  to  212**  F {Petit and Duloni) 

Do.  32*^  to  572*  F.  (300^  C.) 

Palladium 

Uranium  

Molybdenum 

Brass 

Cymbal  metal 

Copper 

Do.    32**  to  212**  F {Petit  and  Dulong) 

Do.    32**  to  572^  F.  (300°  C.) 

Zinc 

Do.  32**  to  212''  F {Petit  and  Duiong) 

Do.  32^  to  572"  F.  (300°  C.) 

Cobalt 

Do.     carburetted 

Nickel 

Do.     carburetted 

Wrought  iron 

Do.  32°  to  212°  F {Petit  and  Duiong) 

Do.  32**  to  392°  F.  (200°  C.) 

Do.  32°  to  572*^  F.  (300°  C.) 

Do.  32°  to  662**  F.  (350**  C.)  „ 

Steel,  soft 

Do.   tempered 

Do.    Haussman 

Cast  iron,  white 

Manganese,  highly  carburetted 

Iridium 

STONES. 

Brickwork  and  masonry {Rankine)  about 

Marble,  gray 

Do.      white 

Chalk,  white 

Quicklime 

Dolomite  (Magnesian  limestone) 

PRECIOUS  STONES. 

Sapphire 

Zircon 

Diamond 

SUNDRY   MINERAL  SUBSTANCES. 

Tellurium  

Iodine 

Selenium 

Bromine 

Phosphorus,  50**  to    86**  F 


Water  at  32*si. 

.05669 
.05701 

.0557 
.0611 

•05927 
.0619 

.07218 

•0939^ 
.086 

•095^5 
.094 

1013 

•09555 
.0927 

1015 

10696 

II714 

10863 

1 1 192 

"379 
1098 

"5 
1218 

1255 
1 165 

"75 
1 1848 

12983 

14411 

1887 

.20 

.20989 

.21585 

.21485 

.2169 

.21743 

.21732 

-1455^ 
.14687 

-05155 
.05412 

.0837 

.0840 

.1887 
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Mheral  Substances  {anttanud). 
"to  »!»'  F. 


"F.  {PaU  and  Duht^) 


7.°F.. 


lized,  natural... 

r  two  years 

r  two  months., 
coitly 


:min 

assiuDi  ... 

^esium. 


iinel  coal 

t  coal 

■x)ke,  average 

,  Welsh 

American 

latural 

if  blast  furnaces... 
ick 


'77 
■>9 

.aoa59 
.1776 
.1764 
.1803 
.'844 
.06641 
.13618 
■>4aS5 
■>47S9 
.16420 
.17295 
.19460 
11410.230 
.10161 
.06889 
.1435a 
.i5»8 
.23875 
.27821 
.08723 
:i»85 
.1901 

.24111 
■  Z4'5 
.20307 
.20085 


,20187 
■497 
.26085 
.19659 
.22159 
IS 
■504 
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Table  No.  118. — Specific  Heat  of  Liquids. 


I) 


Mercury 

Olive  oil {Laplace  and  Lavoisier) 

Sulphuric  acid,  density  1.87 

Do.  do.      1.30 

Benzine,  sq"*  to  68°  F 

Turpentine, 

Do.        density  .872 {Despretz) 

Ether,  oxalic 

Do.,  sulphuric,  density  0.76 {Daiton) 

Do.         do.  do.     0.715 {Despretz) 

Essence  of  juniper 

Do.       lemon 

Do.       orange 

Hydrochloric  acid 

Wood  spirit,  59°  to  68°  F 

Chloride  of  calcium,  solution 

Acetic  acid,  concentrated 

Alcohol 

Do.     density  0.793 {Daiton) 

Do.        do.     0.81    

Vinegar 

Water,  at  32°  F 

Do.   at  212°  F 

Do.    from  32°  to  2 1 2°  F 

Bromine 


1} 


Wal« 


I 
I 
I 
I 
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Table  No.  119. — Specific  Heat  of  Gases. 

Water  at  32**  F.  =  i. 


Gas. 


3US  acid , 

of  chloroform 

:acid 

;  oxide 

gas 

D 

>f  Benzine 

Iier 

)f  alcohol 

steam 

f  turpentine 

Lcal  gas 

buretted  hydrogen 


Spbcipic  Heat  pok 
Equal  Weights. 


At  constant 
pressure. 


water  =  i. 

0-1553 
0.1568 

0.2164 

0.2182 

0.2377 

0.2440 

0.2479 

0.3694 

3.4046 

0-3754 
0.4008 

0-45^3 

0-4750 
0.5061 

0.5080 

0.5929 


At  constant 
volume.  ^ 

(Real  speci- 
fic heat.) 


water  =  z. 

0.1246 
0.1438 

O.I  7 14 

0.1559 
0.1688 

0.1740 

0. 1 768 

0.2992 

2.4096 

0.3499 
0.3781 

0.4124 

0.3643 

0.4915 
0.391 1 

0.4683 


Specific  Heat  por 
Equal  Volumes. 


At  constant 
pressure. 


air  =  .2377, 
as  in  col.  a 

0.3489 

0.8310 

0.3308 

0.2412 

0.2377 

0.2370 

0.2399 

0.3572 
0.2356 
I.OII4 
1. 2184 
O.7171 
0.2950 
2.3776 
0.2994 
0.3277 


At  constant 
volume. 


air  =  .x688, 
as  in  col.  3. 

0.2799 

0.7621 

0.2620 

0.1723 

0.1688 

0.1690 

O.I7II 

0.2893 

0.1667 

0.9427 

1. 1490 

0.6553 
0.2262 

2.3090 

0.2305 

0.2588 


SIBILITY   OR   MELTING  POINTS  OF  SOLIDS. 

tals  are  solid  at  ordinary  temperatures,  with  the  exception  of 
hich  is  liquid  down  to  -  39°  F.  Hydrogen,  it  is  believed,  is  a 
gaseous  form. 

netals  are  liquid  at  temperatures  more  or  less  elevated,  and  they 
aporize  at  very  high  temperatures.  Their  melting  points  range 
grees  below  zero  of  Fahrenheit's  scale,  the  melting,  or  rather  the 
oint  of  mercury,  up  to  more  than  3000  degrees,  beyond  the 
leasurement  by  any  known  pyrometer.  Certain  of  the  metals, 
jm,  sodium,  iron,  platinum,  become  pasty  and  adhesive  at 
es  much  below  their  melting  points.  Potassium  and  sodium, 
t  at  temperatures  between  130°  and  200°  F.,  can  be  moulded 
It  62°  F.  Two  pieces  of  iron  raised  to  a  welding  heat,  are 
md  readily  unite  under  the  hammer;  and  pieces  of  platinum 
vhite  heat 

Iting  points  of  alloys  do  not  follow  the  ratios  of  those  of  their 

metals,  so  that  it  is  impossible  to  infer  their  melting  points  from 

A  remarkable  instance  of  the  absence  of  this  relation  is  afforded 

)le  metal  consisting  of  five  parts  of  lead,  three  of  tin,  and  eight 

,  which  melts  at  212°  F.,  the  heat  of  boiling  water,  though  the 
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melting  point,  if  it  were  an  average  of  those  of  the  component  m 
would  be  about  520°  F.  The  addition  of  bismuth  to  mixtures  of  lead 
tin  has  the  effect  of  lowering  the  melting  points. 

According  to  Professor  Rankine,  the  melting  point  of  ice  is  loweiei 
pressure,  at  the  rate  of  0.0000063°  F-  ^^^  ^^^^  pound  of  pressure  00 
square  foot  An  atmosphere  of  pressure  being  2 116  lbs.  per  square 
the  lowering  of  the  melting  point  per  atmosphere  of  pressure,  is — 

0°.  0000063  X  2 1 16  =  0°.  0133  Fahrenheit 

To  lower  the  melting  point  one  degree,  a  pressure  of  75  atmospheres  v 
be  required. 

In  the  case  of  water,  antimony,  and  cast  iron,  and  probably  other 
stances,  the  bulk  of  the  substance  in  the  solid  state  exceeds  that  iB 
liquid  state,  as  is  evidenced  by  the  floating  of  ice  on  water,  and  of  l 
iron  on  molten  iron.  The  volume  of  water  is  to  that  of  ice  at  $2^  I 
I  to  1.088;  that  is  to  say,  that  water,  in  freezing  at  32°  F.,  expands  n 
9  per  cent 

The  following  table.  No.  120,  contains  the  melting  points  of  me 
metallic  alloys,  and  other  substances : — 

• 

Table  No.  120. — Melting  Points  of  Solids. 


VARIOUS  SUBSTANCES  [PouilUt,  Claudel,  &c) 


Sulphurous  acid. 
Carbonic  acid... 

Bromine , 

Turpentine 

Hyponitric  acid. 

Ice 

Nitro-glycerine.. 

Tallow 

Phosphorus 

Acetic  acid 

Stearine 

Spermaceti 

Margaric  acid . . . 

Wax,  rough 

„     bleached . . 

Stearic  acid 

Iodine 

Sulphur 


Mbltinc  Poun 

-i48°F. 
-108 

+  9.5 

14 
16 

32 

45 
92 

112 
"3 

109  to  I2C 
120 

131  to  14c 

142 
154 

225 
239 
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Table  Na  120  {amiinu^d). 


lard 

white 

gray 

„    2d  melting.. 

¥rith  manganese . . 

ron,  French 

I  Iron,  English.... 
Iron 

im 

1 


Mbltinc  Points. 


Pouillet,  Claudel. 


Wilson. 


Fahrenheit  deforces. 

-39^ 


+  136 
194 


446 

504 

608 

680 

810 

1692 


(very  pure)  1832 

2156 

(very  pure)  2282 

1922  to  2012 

2012 

2192 

2282 

2372  to  2552 

2732 

2912 


Fahrenheit  degrees. 

101° 

144 

208 

356 
442 

442 
617 

773 
1150 

full  red  heat, 
full  red  heat. 

1873 
1996 

2016 

2786 


Fusible   in   highest 
t  heat  of  forge. 

Not  fusible  in  forge 
fire,  but  soften  and 
agglomerate. 


Only  fusible  before 
the  oxyhydrogen 
blow-pipe. 
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melting  point,  if  it  were  an  average  of  those  of  the  component  me 
would  be  about  520°  F.  The  addition  of  bismuth  to  mixtures  of  lead 
tin  has  the  effect  of  lowering  the  melting  points. 

According  to  Professor  Rankine,  the  melting  point  of  ice  is  lowerei 
pressure,  at  the  rate  of  0.0000063**  F.  for  each  pound  of  pressure  od 
square  foot.  An  atmosphere  of  pressure  being  2 116  lbs.  per  square 
the  lowering  of  the  melting  point  per  atmosphere  of  pressure,  is — 

0°. 0000063  X  2116  =  o**.oi33  Fahrenheit 

To  lower  the  melting  point  one  degree,  a  pressure  of  75  atmospheres  1 
be  required. 

In  the  case  of  water,  antimony,  and  cast  iron,  and  probably  other 
stances,  the  bulk  of  the  substance  in  the  solid  state  exceeds  that  in 
liquid  state,  as  is  evidenced  by  the  floating  of  ice  on  water,  and  of  i 
iron  on  molten  iron.  The  volume  of  water  is  to  that  of  ice  at  32*  1 
I  to  1.088;  that  is  to  say,  that  water,  in  freezing  at  32®  F.,  expands  d 
9  per  cent 

The  following  table,  No.  120,  contains  the  melting  points  of  OM 
metallic  alloys,  and  other  substances : — 


Table  No.  120. — Melting  Points  of  Solids. 


I 


VARIOUS  SUBSTANCES  {PouiUet,  Claudel,  &c) 

Sulphurous  acid 

Carbonic  acid 

Bromine 

Turpentine 

Hyponitric  acid 

Ice 

Nitro-glycerine 

Tallow 

Phosphorus 

Acetic  acid 

Stearine 

Spermaceti 

Margaric  acid 

Wax,  rough 

„     bleached 

Stearic  acid 

Iodine 

Sulphur 


Mbltihc  Fooc 


-108 

+9.5 

14 
16 

45 
92 

112 
113 

109  to  I2< 
120 

131  to  141 

142 
154 

225 


MELTING  POINTS  OF  SPUDS. 
Tabic  No.  120  {cmiinued). 
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hite 

ray 

„    ad  melting, 
ith  manganese. 

■n,  French , 

Eron,  English... 


-39 

+  ■36 
194 

446 

504 


(very  pure)  1832 

2156 
(very  pure)  2282 

1923  to  30I2 
2012 

2192 

2282 

2372  to  2552 


5«7 

617 
773 
1150 

full  red  heat 
full  red  heat. 

1873 

1996 

20l6 


!  Fusible  in  highest 
heat  of  forge. 

Not  fusible  in  forge 
fire,  but  soften  and 
agglomerate. 


Only  fusible  before 
■   the    oxyhydrc^n 
blow-pipe. 
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Example. — To  find  the  latent  heat  of  fusion  of  ice,  the  specific  heiK 
ice,  c  -  0.504,  and  that  of  water  cf  =\\  /  =  32°  F.     Then 

the  latent  heat  -  (i  —  0.504)  (32°  +  256)  =0.496  x  288  =  142.86 
Do.,  by  M.  Person's  experiment =  142.65 

Difference 0.21 

showing  that  the  latent  heat  of  fusion  of  one  pound  of  ice  is  142.86  uniCi 
The  table  No.  121  contains  the  latent  heat  of  fusion  of  several  met 
and  other  bodies,  according  to  M.  Person.  On  an  inspection  of  the  tit 
it  appears  generally  that  the  latent  heat  of  fusion  of  non-metallic  bodiei 
greater  for  those  which  have  the  lower  melting  points,  and  that,  for  mell 
the  proportion  lies  rather  the  other  way.  The  greatest  latent  heat  of  fitsi 
belongs  to  wax,  which  has  175  units  per  pound,  and  the  least  to  ph 
phorus  and  lead,  which  have  only  9  and  9.86  units  respectively  per  poa 
weight 

BOILING  POINTS  OF  LIQUIDa 

When  a  cold  liquid,  contained  in  a  vessel  open  to  the  air,  is  subjected 
heat,  the  temperature  of  the  liquid  is  raised,  and  a  quantity  of  vapour 
emitted  from  the  surface  of  the  fluid,  the  pressure  of  which  gradm 
increases  until  it  becomes  equal  to  the  pressure  of  the  atmosphere.  Wli 
this  pressure  is  reached,  the  aggregation  of  the  vapour  becomes  visible 
the  interior  of  the  liquid,  and  the  vapour  rises  to  the  surface  and  escap 
This  is  ebullition^  or  ei^aporation,  or  vaporization.  When  the  liquid  1: 
attained  to  the  state  of  ebullition,  the  temperature  ceases  to  rise,  a: 
remains  stationar)',  and  it  so  remains  until  the  whole  of  the  liquid  is  eva| 
rated.  This  phenomenon  of  stationary  temperature  is  analogous  to  tl 
which  attends  the  fusion  of  solids  into  liquids. 

The  proper  boiling  point  of  water,  under  one  atmosphere  of  pressure, 
100°  C,  or  212°  F.  It  is  affected  to  some  extent  by  the  nature  of  the  ves 
which  contains  it  and  the  presence  of  other  objects  in  the  vessel  In 
glass  retort,  for  example,  water  boils  with  jolts  and  small  explosions,  a 
the  temperature  of  the  water  at  which  ebullition  takes  place  is  from  t 
to  three  degrees  higher  than  when  it  is  evaporated  in  an  iron 
Sulphuric  acid  behaves  similarly  under  ebullition,  and  the  explosions 
much  more  violent  as  the  liquid  has  greater  cohesiveness,  and  as  it  a 
chemically  upon  the  matter  of  the  vessel  in  which  it  boils.  A  few  pieoei 
metal  thrown  into  the  glass  vessel  arrest  the  explosive  ebullition,  and  I 
temperature  of  the  liquid  falls  to  the  same  level  as  in  the  metallic  vessdL 

The  boiling  point  of  liquids  is  not  altered  by  the  presence  of  fofd 
l>odies  mechanically  in  mixture  with  them,  such  as  sand,  sulphate  of  Ik 
and  carbonate  of  lime.  But  it  is  always  greater  when  matters  are  prca 
in  chemical  combination  with  the  liquids.  All  the  soluble  salts  have  t 
effect  when  dissolved  in  water;  but,  on  the  contrary,  it  has  been  proi 
experimentally, — 

That  the  vapour  produced  at  the  surface  of  saline  solutions  is  the  ste 
of  pure  water. 

And  that  at  atmospheric  pressure  the  temperature  of  the  steam  fom 
is  invariably  212°  F.,  whatever  be  the  nature  of  the  dissolved  salt,  or  of  ( 
vessel  containing  the  solution.     It  further  appears  that  at  higher  pressu 
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TibkNo.  i«. — Boiling  Points  of  LiQpms  under  One  Atmosphere 
OF  Pressure. 


Sulphuric  ether 

1^.4 
140 
140 
145 

176 

vr 
248 

3"S 
554 
570 
590 
597 
648 

Ammonia 

Chloroform 

Wood  spirit 

Alcohol 

Water 

Phosphorus 

Sulphuric  acid 

liWe  Na  1 35.— Boiung  Points  of  Saturated  Solutions  of  Salts 
UNDER  One  Atmosphere. 


Quutily  of  all 


CUoiUe  of  potash 

Qloride  of  banum 

Cuitoaate  of  soda 

nspbate  of  soda 

Qiaride  of  potassium 

CUoiide  of  sodium  (common  salt) . . . 

Hjdrochlonite  of  ammonia 

Keutnl  lanraie  of  potash 

Nitiate  of  potash 

CUmde  <rf  strontium 

Ifitiate  of  soda 

Acetate  of  soda 

dtteoate  of  potash 

Nioaie  of  lime 

Acttatc  of  potash 

C&onile  of  calcium 

ofj 


104.4 

108.3 
108.4 
114.3 
114.67 


151-0 
169.0 
'795 


227.0 
227.3 
237.6 
238.4 

344,2 

250.0 
'55-8 


59-4 
41.2 
88.9 
396.3 
335-1 
"7-5 

334.S 

309.0 
205.0 
362.2 
798.2 
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the  temperatures  of  steam  formed  from  sea-water  are  the  same  as 
steam  generated  from  fresh-water  under  equal  pressures. 

Table  No.  122  contains  the  boiling  points  of  liquids  under  one 
phere  of  pressure.     It  shows  that  the  boiling  points  vary  from  ioo*F. 
sulphuric  ether  to  648°  F.  for  mercury.     Linseed  oil  boils  at  597*  F., 
the  great  elevation  of  this  temperature,  as  representing  more  or  less 
mately  the  boiling  points  of  oils  and  fats  generally,  explains  the  ca] 
these  substances  when  heated  for  cooking  meat  immersed  in  them. 

It  is  shown  that  sea-water  boils  at  213^.2  F.  under  one  atmosphere^ 
that  saturated  brine  does  not  boil  until  the  temperature  rises  to  21 
The  boiling  point  of  sea-water  is  raised  in  proportion  to  its  concent 
as  brine. 

Table  No.  123  contains  the  boiling  points  of  saturated  soludooij 
various  salts  in  water,  under  one  atmosphere,  according  to  the 
of  M.  Legrand.     They  vary  from  220®  to  356®  F.     They  present  a 
diversity,  even  among  salts  having  the  same  base. 

Boiling  Points  of  Liquids  at  various  PRESSxmES. 

The  boiling  points  of  liquids  rise  as  the  pressure  increases  under 
they  are  evaporated,  and  they  contrast  strikingly  in  this  respect  widi 
melting  points  of  solids,  which  are  practically  constant  under  all  pi 
It  has  already  been  stated  that,  to  lower  the  melting  point  of  ice  onlyi 
degree  Fahrenheit,  75  atmospheres  of  pressure  were  required.     On 
contrary  the  boiling  point  of  water  is  raised  75  degrees  by  an  augment 
of  less  than  three  atmospheres  above  the  atmospheric  pressure. 

Table  No.  124  contains  a  comparative  statement  of  the  pressures  of 
vapours  of  water  and  other  liquids,  at  temperatures  varying  from  o® 
32®  F.,  to  222°  C,  or  432**  F. — in  fact,  their  boiling  points  for  various 
sures — the  results  of  experiments  by  Regnault. 

The  table  No.   124  shows  a  great  diversity  of  pressure  of  sat 
vapours  for  given  temperatures.   At  the  temperature  of  2 1 2°  F.,  for  exai 
at  which  water  boils  under  one  atmosphere  of  pressure;  in  other 
at  which  the  pressure  of  the  vapour  of  boiling  water  is  14.7  lbs.  per 
inch,  the  pressures  of  the  saturated  vapours  of  the  several  liquids 
follows : — 

per  square  indi. 

Vapour  of  water  at  2 1 2®  F pressure,  14.7  lbs. 

Do.       alcohol        „      „        32.6  lbs. 

Do.       ether  „      „        95.17  lbs. 

Do.       chloroform,,      „        45.54  lbs. 

Do.       turpentine   „      „  2.61  lbs. 

The  relations  of  the  vapour  of  water  or  steam  are  fully  considered  iflj 
subsequent  section.  l 

Latent  Heat  and  Total  Heat  of  Evaporation  of  LigmDS. 

Liquids,  in  the  course  of  being  transformed  into  vapour  on  the  appl| 
tion  of  heat,  absorb  a  certain  quantity  of  heat  which  remains  latent  in 
vapour,  and  is,  on  the  contrary,  restored  to  sensibility,  and  communicat( 
other  bodies  when  the  vapours  are  condensed  into  liquids.     The  folloi 
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hUe  Na  124. — Boiling  Points  of  Saturated  Vapours  under 
Yiotious  Pressures,  or  their  cx)rresponding  Temperatures 
AND  Pressures. 

Rignauit. 


Pressure  per  square  inch  of  the  vapour  of  the  following  liquids  :— 

TkMPUATVU.                II 

Water. 

Alcohol 

Ether. 

Chloroform. 

Tiupentine. 

p-"^ 

Fahrenheit 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

0 

32' 

.089 

.246 

3-53 

.041 

10 

50 

.178 

.466 

5-54 

2.52 

.045 

,   ao 

68 

.337 

-851 

8.60 

3.68 

.083 

30 

86 

.609 

1.52 

12.32 

5.34 

.135 

40 

104 

1.06 

2.59 

17.67 

7.04 

.217 

50 

122 

1.78 

4.26 

24.53 

10.14 

.333 

60 

140 

2.88 

6.77 

33-47 

14.27 

.520 

70 

158 

4.51 

10.43 

44.67 

18.88 

.810 

80 

176 

6.86 

15-72 

57.01 

26.46 

1. 18 

90 

194 

10.16 

23.02 

75.41 

3503 

1.74 

100 

2X2 

14.70 

32.60 

95.17 

45-54 

2.61 

no 

230 

20.80 

45.50 

120.9 

58.42 

3.62 

116 

240.8 

25.37 



137.0 

— 

120 

248 

29.88 

62.05 

4.97 

130 

266 

39.27 

83.80 

6.71 

136 

276.8 

46.87 



140 

284 

52.56 

1 09. 1 

— 

8.94 

150 

302 

69.27 

140.4 

11.70 

152 

305-6 

73-07 

147-3 

— 

160 

320 

89.97 

147-3 

13.10 

170 

338 

115.3 

— 

I913 

180 

356 

146.0 

— 

23.70 

190 

374 

182.6 

— 

29.30 

200 

392 

226.1 

— 

— 

36.09 

310 

410 

277.1 

— 

43-54 

220 

428 

336.4 

52.04 

222 

431.6 

349-3 

• 

53-74 

Boiling  Points 

UNDER   0 

NE  Atmosphere. 

I  St  Accor 

ding  to  tab 

le  No.  122. 

Wa 

ter.                    AIcohoL 

Sulphuric  ethe 

r.         Chloroform.             Tur 

pentine. 

212' 

*F.  173*' F.  .... 

..  100**  F.  . 

140^  F 31 

5°F 

2d.  By  interpi 

Dlation  in  t 

he  above  table. 

212* 

173*       •    • 

..  94° 

142''       33 

!5° 

r 


Ic,  No.  125,  gives,  on  the  authority  of  Despretz,  Favre  and  Silbermann, 
I  Regnault,  the  latent  heat  of  evaporation  of  several  vapours  under  one 
osphere.  The  total  heat  of  evaporation,  reckoned  from  32°  F.,  is  added 
the  last  column.     It  is  calculated  for  each  liquid  by  multiplying  its 
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boiling  point  less  32"",  by  its  specific  heat,  to  find  the  quantity  of  ho) 
units  required  to  raise  it  to  the  boiling  point,  and  adding  this  pfodK) 
the  latent  heat 

Table  No.  125. — Latent  Heat  and  Total  Heat  of  £vaforatio« 

Liquids  under  One  Atmosphere. 


Boiling  P<Hnt. 

Latent  Heat  of 
Evaporatioa. 

\    Total  Hcrt; 
redDoned  froM 
3a"  F. 

Sulphuric  ether 

Wood  spirit 

Acetic  ether 

Fahrenheit. 
100* 

165 

173 
212 

297 
315 

Units  of  heaL 
175 

475 
191 

374 
965.2 

126 

124 

Units  ofhol;' 

3ia4 
5459 

Alcohol,  pure 

Water 

Essence  of  lemon 

461.7 
1 146. 1 

»5S-3 
256.6 

Oil  of  turpentine 

LIQUEFACTION  AND  SOLIDIFICATION  OF  GASES. 

Professor  Faraday  succeeded  in  liquefying,  and  even  solidifying^  i 
gases,  and  it  is  probable  that  all  gases  are  susceptible  of  being  sdidi 
and  that  they  might  be  so  condensed  if  sufficiently  low  tempexatozes 
sufficiently  strong  vessels  could  be  produced. 

At  -  II 2°  F.,  and  under  a  pressure  less  than  one  atmosphere,  Fas 
reduced  the  following  gases  to  the  liquid  or  the  soHd  state:— <^hkl 
cyanogen,  ammonia,  hydrosulphuric  acid,  arseniated  hydrogen,  hydii 
acid,  hydrobromic  acid,  and  carbonic  acid. 

The  following  gases  were  solidified  at  the  annexed  temperatures: — 

Cyanogen -3^*  F. 

Hydriodic  acid -60 

Carbonic  acid -  72 

Oxide  of  chlorine -  76 

Ammonia -  103 

Sulphurous  acid -  105 

Sulphuretted  hydrogen -  1 23 

Hydrobromic  acid -  126 

Protoxide  of  nitrogen -  148 

The  following   gases  were  not  solidified,  even  at  a  temperatun 
-i66°F.:— 

Olefiant  gas. 
Fluosilicic  acid. 
Protophosphuretted  hydrogen. 
Fluoboric  acid. 
Hydrochloric  acid. 
Arseniated  hydrogen. 

The  following  gases  gave  no  sign  of  even  approaching  liquefaction,  < 
at  -  166°  F.,  and  with  many  atmospheres  of  pressure: — 
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Hydrogen at  -  166**  F.,  and  27  atmospheres. 

Oxygien „  -166  and  27 

Do.    „  -140  and  58 

Nitrogen ...  „  -166  and  50 

Nitric  oxide. „  -166  and  50 

Carbonic  oxide ,»  -166  and  40 

Coal  gas „  -166  and  32 

rhc  greatest  known  d^ree  of  cold,  -  166®  R,  or  -  no**  C,  was  pro- 

«1  for  these  experiments  by  Professor  Faraday.     As  to  the  method  of 

(faction,  sec  Sources  of  Cold. 

According  to  the  results  of  more  recent  experiments,  hydrogen  has  been 

jected  to  a  pressure  of  8000  atmospheres  without  making  any  sign  of 

densation. 

SOURCES  OF  COLD. 

lie  production  of  cold — the  abstraction  of  heat — is  a  curious  subject  of 
airy.  When  a  salt  is  dissolved  in  water,  cold  is  produced.  When  a 
lid  TaporizeSy  the  heat,  latent  and  sensible,  necessary  for  the  production 
the  vapour,  is  abstracted  from  some  other  body  in  contact  with  the 
tid,  and  cold  is  produced.  When  spirits  of  wine  or  aromatic  vin^^, 
example,  is  thrown  on  the  body,  a  sense  of  cold  immediately  results 
n  the  v24X>rization  of  the  liquid  which  draws  heat  from  the  body.  If 
is  allowed  to  expand,  there  is  a  reduction  of  temperature,  and  a  transla- 
1  of  heat  from  neighbouring  bodies.  Again,  in  hot  climates,  water  is 
cessfully  cooled  in  porous  vessels,  through  the  pores  of  which  the  water 
KS  to  the  exterior,  and  is  vaporized,  and  the  cooling  process  is  accele- 
id  by  a  current  of  air  directed  upon  the  vessel,  which  quickens  the 
xnzation. 

Sebe's  ice-making  machine,  invented  originally  by  Jacob  Perkins  in  1834, 
»sed  on  the  principle  of  producing  cold  by  the  evaporation  of  a  volatile 
id — ether  by  preference.  The  fluid  is  placed  in  an  air-tight  vessel,  and 
iporated  in  vacuo,  the  vacuum  being  formed  by  means  of  a  pump,  which, 
its  continued  efforts  to  reduce  the  pressure,  promotes  the  evaporation  olf 
i  fluid  at  a  low  temperature  A  temperature  50""  below  the  freezing 
int  may  be  effected ;  but  in  place  of  an  unprofitably  low  tem j>erature,  the 
ding  action  is  distributed  through  the  mass  of  salt  water  employed  as  the 
tzing  medium,  the  salt  water  retaining  its  fluidity  below  32^  F.,  and 
tda&ig  in  the  refrigerator  around  and  between  the  ice-moulds,  which 
e  filled  with  fresh  water.  The  water  in  the  moulds  is  successively  frozen, 
id  replaced  by  fi^sh  moulds  filled  with  water. 

Carres  cooling  apparatus  is  based  on  the  fact  that  water,  when  cold, 
Borbs  a  large  quantity  of  ammoniacal  gas,  which^  when  the  water  is 
ated,  escapes^  and  is  condensed  in  a  cold  vessel.  On  the  contrary,  when 
e  water  just  heated  becomes  cold,  a  vacuum  is  formed,  and  excites  a 
pid  evaporation  oi  the  ammonia  into  the  vessel  of  cooled  water,  when  it 
igain  absorbed.  Hie  heat  necessary  for  the  evaporation  of  the  ammonia 
extracted  fix>m  the  water  surrounding  the  vessel  in  which  the  liquid 
nmonia  is  contained,  and  the  water  consequently  is  frozen. 

Frioorific  Mixtures. 

For  die  production  of  intense  cold,  mixtures  of  various  salts  and  acids  in 
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various  proportions  with  water  are  very  effective.    But  more  intense  deg 
of  cold  are  produced  with  snow  or  ice. 

Table  No.  126  contains  the  ordinary  mixtures  for  the  artificial  pro 
tion  of  cold,  known  as  freezing  mixtures.  The  first  part  of  the  tabic  < 
prises  mixtures  of  salts  and  acids  with  each  other  and  with  water; 
second  part,  mixtiures  of  salts  and  acids  with  snow  or  ice. 

The  blanks  in  the  third  column  of  the  table  indicate  that  the  the 
meter  sinks  to  the  degrees  named  in  the  second  column,  but  never  k 
whatever  may  be  the  initial  temperature  of  the  materials  when  mixed. 

The  vessels  containing  the  mixtures  should  be  cooled  before  the  eteo 
are  put  into  them. 

If  the  materials  of  the  mixtures  enumerated  in  the  first  part  of  the 
be  mixed  at  a  higher  temperature  than  that  given  in  the  table,  nai 
50®  F.,  the  fall  of  temperature  is  greater.  Thus,  if  the  most  powerfiil  of  1 
mixtures.  No.  11,  be  made  at  the  temperatiure  80®  F.,  it  will  sink 
thermometer  to  +  2°,  making  a  fall  of  78  degrees,  as  against  7 1  degrc 
the  table. 

The  third  part  of  the  table  contains  frigorific  mixtures  partly  seU 
from  the  other  parts,  and  combined  so  as  to  extend  the  cold  to  the  ext 
degree,  -91°  F.  The  materials  should  be  cooled  previously  to  I 
mixed  to  the  initial  temperature,  by  mixtures  taken  from  previous  pai 
the  table. 

Table  No.  126. — Frigorific  Mixtures. 

First  Part. — Proportional  mixtures  of  Salts  and  Adds  with  Water. 


Mixtures. 


1.  Nitrate  of  ammonia i  ) 

Water i  j 

2.  Muriate  of  ammonia 5 

Nitrate  of  potash 5 

Water 16 

3.  Muriate  of  ammonia 5 

Nitrate  of  potash 5 

Sulphate  of  soda 8 

Water 16 

4.  Sulphate  of  soda 3) 

Diluted  nitric  acid 2  j 

5.  Nitrate  of  ammonia i 

Carbonate  of  soda i 

Water i 

6.  Phosphate  of  soda 9) 

Diluted  nitric  acid 4  j 

7.  Sulphate  of  soda 8  ) 

Hydrochloric  acid 5  J 

8.  Sulphate  of  soda 5) 

Dilute  sulphuric  acid 4  / 


Fall  of  Temperature. 

prod 

Fahrenheit. 

from +  50°  to +  4*' 

from +  50**  to +10° 

from  +  50**  to  +  4** 

from  +  50**  to  -  3** 

from  4- 50"*  to  -  7® 

from  +  5o®to-i2** 

from  +  so'^to     0° 

from  4- 50®  to +  3"* 

FRIGORIFIC  MIXTURES. 
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9^  Sulphate  of  soda 6 

Muriate  of  ammonia.../ 4 

Nitrate  of  potash 2 

Dilute  nitric  acid 4 

la  Sulphate  of  soda 6 

Nitrate  of  ammonia 5 

Dilute  nitric  acid 4 

IL  I^osphate  of  soda 9| 

Nitrate  of  ammonia 6> 

Dilute  nitric  acid 4) 


Fall  of  Temperature 


Degrees 

of  cold 

produced. 


Fahrenheit 

from  4- 50**  to-  10°., 
from +  50®  to-  14**.. 


from +  50®  to -21' 


Fahr. 
60^ 


64 


71 


Second  Part. — Proportional  mixtures  of  Salts  and  Acids  with  Snow  or  Ice. 


Mixtures. 

FaU  of  Temperature. 

Degrees 

of  cold 

produced. 

12.  Muriate  of  soda  (common  salt),   i  ) 
Snow,  or  pounded  ice 2  ) 

13.  Muriate  of  soda 2  j 

Muriate  of  ammonia \\ 

Snow,  or  pounded  ice 5  j 

14.  Muriate  of  soda 10  \ 

Muriate  of  ammonia 5f 

Nitrate  of  potash 5  | 

Snow,  or  pounded  ice 24  j 

15.  Muriate  of  soda 5  \ 

Nitrate  of  ammonia 5  J^ 

Snow,  or  pounded  ice 12J 

16.  Dilute  sulphuric  acid 2  ) 

Snow 3  j 

17.  Muriatic  acid 5  ) 

Snow 8  j 

18.  Dilute  nitric  acid 4  ) 

Snow 7  j 

19.  Muriate  of  lime 5  ) 

Snow 4/ 

».  Crystallized  muriate  of  lime 3  ) 

Snow 2  j 

21.  Potash 4| 

Snow 3) 

Fahrenheit. 

from  any  temp,  to  —  5** 
do.       do.    to  -  1 2** 

do.       do.    to -18** 

do.       do.    to -25** 

from  +  32**  to  -  23** 

from +  32°  to -27° 

from +  32°  to -30** 

from  +  32°  to  -  40° 

from +  32**  to -50** 

from +  32®  to -51"* 

Fahr. 

55° 

59 
62 

72 

82 

83 
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Table  No.  126  {cofUimud). 

Third  Part. — Mixtures  partly  selected  from  the  forgoing  series,  and  combined  10 

to  increase  or  extend  the  cold  to  the  greatest  extremes. 


Mizturei. 


22. 


Sea  salt s\ 

Muriate  of  ammonia  )  f 


: 


23- 
24. 

25. 

26. 
27. 

28. 
29. 

30- 
31. 
32. 
33- 
34- 


Nitrate  of  potash 
Snow,  or  pounded  ice 

Sea  salt 5 

Nitrate  of  ammonia 5 

Snow,  or  pounded  ice 12 

Phosphate  of  soda 5 

Nitrate  of  ammonia 3 

Dilute  nitric  acid 4 

Phosphate  of  soda 3 

Nitrate  of  ammonia 
Dilute  mixed  acids 

Snow 3  ) 

Dilute  nitric  acid 2  f 

Snow 8 

Dilute  sulphuric  acid 3 

Dilute  nitric  acid 3 

Snow 

Dilute  sulphuric  acid 

Snow 

Muriate  of  lime 

Snow 

Muriate  of  lime 4  j 

Snow 2  ) 

Muriate  of  lime 3  / 

Snow I  ) 

Crystallized  muriate  of  lime 2/ 

Snow I  \ 

Crystallized  muriate  of  lime 3  J 

Snow 8  ) 

Dilute  sulphuric  acid 10  j 


4; 

} 
} 

51 

3l 


Fall  of  Tempentitre. 


from -5*  to -18 


from-  18®  to -25 


from  o®  to  -  34* 


from  -  34**  to  -  50* 
from  o®  to  -  46® . . . 


from  -  10®  to  -  56* 

from  -  10°  to  -  60* 
from  +  20®  to  -  48* 
from+  10°  to -54* 
from -15°  to -68* 


from  o®  to  -  66* 


from  -  40**  to  -  73* 
from -68°  to -91* 


16 
46 
46 

50 
68 

64 

53 
66 

33 
23 


Cold  by  Evaporation. 

M.  Gay-Lussac  directed  a  current  of  air,  dried  or  desiccated  by  being 
passed  through  chloride  of  calcium,  upon  the  bulb  of  a  thermonietef 
wrapped  in  moist  cambric.  The  temperature  was  lowered  from  10^  t«> 
26°  F.,  according  to  the  temperature  of  the  current  of  air,  which  varied 
from  32°  to  77**  F.  It  is  presumed  that  the  surrounding  temperature  was 
the  same  as  that  of  the  current  The  following  are  the  fdls  of  temperature 
for  currents  of  air  of  given  temperatures : — 
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€rature  of  current,  Fahrenheit,  32°,     41°,  50°,  59°,     68°,  77' 


f  temperature, 


do.         io°.5,  13%  16°,  19^5,  2z%  26".5. 


ost  intense  cold  as  yet  known  was  produced  by  Professor  Faraday 
>urse  of  his  experiments  on  the  liquefaction  and  solidification  of 
om  the  evaporation  of  a  mixture  of  solid  carbonic  acid  and 
ether  under  the  receiver  of  an  air-pump.  For  the  following  pres- 
asured  in  inches  of  mercury,  and  given  also  in  pounds  per  square 
Dbtained  the  corresponding  temperatures  subjoined : — 


Dcrcury 

joare  inch, 
res,  Fahr. . 


28.4, 
14.0, 


19-4, 
9.5, 


9.6, 
4.6, 


7-4, 
3-6, 


-IO7-,  -112%  -121%  -125-,  - 


5.4, 

3-4, 

2.4, 

1.4, 

1.2. 

2.7, 

1.7, 

1.2, 

0.7, 

0.6. 

132°, 

- 139°, 

- 146°, 

-  i6i% 

-leer 

that  when  a  perfect  vacuum  was  nearly  approached,  an  intense 
isured  by  -  166**  F.,  was  attained  by  the  evaporation  of  a  mixture 
arbonic  acid  and  sulphuric  ether. 


STEAM. 


When  steam  is  generated  in  a  boiler,  the  water  is  heated  till  it  airives 
the  temperature  of  ebullition,  and  the  elevation  of  temperature  is  sensible 
the  thermometer;  next,  the  water  is  converted  into  steam  by  an  additioi 
absorption  of  heat,  which  is  not  measured  by  the  thermometer,  and 
therefore  called  latent  heat  The  heat  is  not,  in  fact,  latent,  but  is  — 
priated  in  converting  water  into  steam,  of  the  same  temperature. 

The  pressure,  as  well  as  the  density,  of  steam  which  is  generated  ova , 
water  in  a  boiler  rises  with  the  temperature;  and,  reciprocally,  the  tempen^J 
ture  rises  with  the  pressure  and  density.     There  is  only  one  pressure  aafl 
one  density  for  each  temperature;  and  thus  it  is  that  steam,  produced  in i| 
boiler  over  water,  is  always  generated  at  the  maximum  density  and  man- 
mum  pressure  corresponding  to  its  temperature.     In  such  condition  stean 
is  said  to  be  saturated,  being  incapable  of  vaporizing  more  water  into  the. 
same  space,  unless  the  temperature  be  raised.     Saturation  is  therefore  the 
normal  condition  of  steam  generated  in  contact  with  a  store  of  water,  anli 
the  same  density  and  the  same  pressure  are  always  to  be  found  in  conjuno* 
tion  with  the  same  temperature. 

In  consequence,  saturated  steam  over  water  stands  both  at  the  condensinf 
point  and  at  the  generating  point;  that  is,  it  is  condensed  if  the  temperatOR 
falls,  and  more  water  is  evaporated  if  the  temperature  rises. 

But,  supposing  the  whole  of  the  water  to  be  evaporated,  or  that  a  ho&t 
of  saturated  steam  is  isolated  from  water,  in  a  space  of  fixed  dimensions,  ft 
an  additional  quantity  of  heat  be  supplied  to  the  steam,  the  state  of  satufV 
tion  ceases,  the  steam  becomes  superheated,  and  the  temperatiu"e  and  the 
pressure  are  increased,  whilst  the  density  is  not  increased.  Steam,  thus 
surcharged  with  heat,  approaches  to  the  condition  of  a  perfect  gas. 


PHYSICAL  PROPERTIES  OF  STEAM. 
Relation  of  the  Temperature  and  Pressure  of  Saturated  Steam, 

The  results  of  the  experimental  observations  of  M.  Regnault  on  the 
temperature  and  pressure  of  saturated  steam,  whose  observations  have 
superseded  in  practice  those  of  previous  experimentalists,  show  that  the 
temperature  rises  more  slowly  than  the  pressure.  For  example,  the 
pressures  being  advanced  at  equal  intervals  of  5  lbs.  per  square  inch,  thus:— 

I  lb.     6  lbs.     II  lbs.     16  lbs.     21  lbs.     26  lbs.     31  lbs.     36  lbs., 

the  temperatures  in  Fahrenheit  degrees  are — 

io2^i,     170^.2,     i97°.8,     216^.3,     23o°.6,     242^.3,     252^2,     260^9, 
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which  advance  by  the  follo\\ing  diminishing  dinerences. — 

68=.i,     27^6,     I8^5,     I4^3,     ii\7,     9°.9,     8^7, 

Hfithout  quoting  the  formula  employed  by  M.  Regnault  for  calculating  the 
fnssares  due  to  the  temperatures  in  French  measures,  it  i^ill  sufiice  to  give, 
jit  subsequent  table  (No.  127),  the  relative  pressures  in  inches  of  mercury 
and  in  pounds  per  square  inch,  based  on  his  formula,  for  low  temperatures 
SDgiDg  from  32^  F.  to  212°  F.,  as  given  by  ClaudeL 

To  define  the  relation  of  the  temperature  and  pressure  of  saturated  steam 
ir  the  higher  temperatures  comprised  in  the  obser\'ations  of  M.  Regnault, 
tt  hte  Mr.  W.  M.  Buchanan  arranged  a  simple  formula  which  applies  with 
accoiacy  to  temperatures  ranging  from  1 20^  F.  to  446''  F.,  the  higher  limit 
tf  the  range  oi  Regnault's  observations.  These  limits  correspond  to 
■OBores  of  from  1.68  lbs.  to  445  lbs.  per  square  inch.     The  formula  is  as 

■"  293^16 

'=6.i993544-log/"27i.85, (  i ) 

k which/  is  the  pressure  in  lbs.  per  square  inch,  and  /  is  the  temperature 
rf  aturated  steam  in  degrees  Fahrenheit,  as  observed  by  means  of  an  air- 
tennometer. 

Total  Heat  of  Saturated  Steam. 

The  constituent  or  total  heat  of  steam  consists  of  its  latent  heat,  in 
aldkion  to  its  sensible  heat  The  latent  heat  of  saturated  steam  at  0°  C, 
Ik  freezing  point,  was  experimentally  determined  by  Regnault  to  be  equal 
to6o6^5  C.;  or  such  that  the  total  heat  of  one  pound  of  saturated  steam 
M  0°  C.  would  be  capable  of  raising  the  temperature  of  606.5  lbs.  of 
nter  one  degree.  At  higher  temp>eratures,  the  total  heat  of  saturated  steam 
US  found  to  increase  uniformly  between  the  temp>eratures  0°  C.  and  230^  C, 
M  the  rate  of  .305°  C.  for  each  increment  of  temperature  of  i®;  and, 
ierefore,  if  the  temperature  in  Centigrade  degrees  be  multiplied  by  .305, 
ad  606.5  be  added  to  the  product,  Uie  sum  will  express  the  total  heat  of 
atoiated  steam  at  the  given  temperature  measured  from  o''  C. ;  or 

H  =  6o6.5  +  .305  /(Centigrade), (  2  ) 

in  which  H  =  the  total  heat  of  saturated  steam  of  any  temperature  f  C. 

This  formula  is  adapted  to  the  Fahrenheit  scale,  by  taking  the  total  heat 
1132°  F.  equal  to  6o6^5  C.  x  9/^  =  1091°.  7  F.  For  any  other  temperature 
/°F.,  the  total  heat  is  equal  to  1091^7  F.  +  .305  (/--32).  The  first 
qoantity  in  this  expression,  namely  1091°.  7,  is  slightly  too  much,  for  whilst 
Regnault  found  that  the  total  heat  of  steam  at  loo'',  his  starting  point,  was 
^36*.67  C,  it  was  calculated  by  his  formula  (No.  2  above)  to  be  637°  C. 
The  above-named  quantity  should  therefore  be  reduced  to  1 091. 16,  and 
the  fonnula  for  the  total  heat  of  steam  in  terms  of  Fahrenheit  degrees  will 

tfand  thus:—  jj  ^  1091.16  +  .305  (/ -  32),  or 

H=io8i.4   +.305  /; (3) 

dot  is,  the  total  heat  of  saturated  steam  of  any  given  temperature  in 
Fahren^t  degrees  is  equal  to  1081^4  plus  the  product  of  the  temperature 
^  -305?  supposing  that  the  water  from  which  the  steam  is  generated  is 
npfiied  at  the  temperature  32*^  F. 
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The  expression  of  the  total  heat  represents  units  of  heat  when  the 
of  the  steam  is  one  pound. 

Supposing  that  the  water  to  be  evaporated  is  supplied  at  any 
temperature  than  32°  R,  the  total  heat  to  be  expended  in  evapoiatiii|^i 
found  by  deducting  the  diflference  of  temperature  from  the  total  " 
found  by  the  formula  (  3  ).     Or,  the  formula  may  be  modified  by 
the  difference  of  temperature  from  the  first  quantity,  108 1.4. 

For  example,  if  water  be  supplied  at  the  ordinary  temperature,  6a* 
which  is  30  degrees  above  32**  F.,  then  1081.4-30=1051.4  will  be 
proper  first  quantity.     For  these  and  the  other  cardinal  temj 
water,  100**  F.  and  212®  F.,  the  four  equations  for  the  total  heat  of 
raised  from  water  at  the  respective  temperatures  are  as  follow: — 

(Initial  temperature  32°  F.),  H=  1081.4  +  .305/* (3) 

(  Do.  62"  F.),  H  =  105 1.4 +  .305/" (4) 

(  Do.  100°  F.),  H  =  1013.4 +  .305/* (5) 

(  Do.  2i2''F.),  H=   900.5  +  .305''* (6) 

In  the  reduction  for  the  last  equation  (  6 ),  32^  has  been  deducted 
212^9,  and  not  from  212^  in  order  to  take  into  accoimt  the  item  .9\ 
the  extra  specific  heat  of  water  at  212''  F.,  compared  with  that  of  imten 
32'  F. 

Latent  Heat  of  Saturated  Steam. 

As  the  total  heat  is  increased  .305°,  which  is  less  than  a  third  of  a  dqgn^ 
whilst  the  sensible  heat,  or  temperature,  rises  i*',  and  the  sensible  heat  dnii 
rises  faster  than  the  total  heat,  the  latent  heat  must  be  reduced  as  mi 
temperature  rises,  by  as  much  as  .305®  is  less  than  i®,  or  by  i**  -  .305**  =  -^fi 
for  each  degree  of  temperature,  and  the  latent  heat  for  any  temperatme 
/**  C.  is  expressed  by  the  quantity  606^.5  -  .695/. 

There  is  a  modifying  element,  namely,  the  specific  heat  of  the  TrateTp 
which  slightly  increases  with  the  temperature,  and  which  requires  te 
fraction  .695  /  to  be  proportionally  increased.  The  equation  of  Clausioi^' 
in  which  this  slight  variation  is  allowed  for,  is 

L  =  6o7  -.708  /(Centigrade), (7) 

where  L  =  the  latent  heat  due  to  the  temperature  /  C. 

To  adapt  this  formula  to  the  Fahrenheit  scale,  take  ^/^ths  of  607 » 
1092^6  F.,  and  substitute  (/°-32®)  F.  for  /**  C;  then  the  formula  becomes 

L=  1092.6 -.708  (/- 32);  or 

L=  1 1 15.2 -.708  /; (8) 

that  is,  the  latent  heat  of  saturated  steam  at  any  given  temperature  in 
Fahrenheit  degrees  is  equal  to  11 15.2  less  the  product  of  the  temperatnic 
by  .708,  supposing  that  the  water  which  is  converted  into  steam  is  supplied 
at  32*^  F. 

Appropriation  of  the  Constituent  Heat  of  Saturated 

Steam  at  212°  F. 

To  trace  the  appropriation  of  all  the  heat  that  goes  to  the  formatioii 
of  a  pound  of  steam,  in  the  sensible  and  the  latent  state,  in  terms  oi 
thermal  units,  as  well  as  of  dynamic  units,  or  foot-pounds,  take  one  pound 
of  water  at  32°  F.,  and  convert  it  into  saturated  steam  at  212**  F.,  the  fim 
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■tthnent  of  heat  is  the  sensible  heat,  and  it  is  required  for  elevating  the 
tempeiatuTe  <^  the  water  to  2 1 2°,  through  180° ;  in  other  words,  to  increase  the 
■ofenilar  velocity,  and  slighdy  expand  the  liquid,  which  appropriates  180.9 
■its  of  heat,  equivalent  to  180.9  ^  IT^y  ^^  ^39*^5S  foot-pounds.  Secondly, 
htfCBt  heat  is  s^plied  in  overcoming  the  molecular  attraction,  and  separating 
die  particles;  that  is  to  say,  in  the  formation  of  steam,  which  appropriates 
B9S.9  units  oi  heat,  equal  to  689,318  foot-pounds.  Thirdly,  latent  heat  is 
9plied  in  repelling  the  incumbent  pressure,  whether  of  the  atmosphere  or 
rf  the  sunounding  steam;  that  is  to  say,  in  raising  a  load  of  14.7  lbs.  per 
inc±,  or  21 16.4  lbs.,  on  a  square  foot,  through  a  cubic  space  of  26.36 
feet,  being  the  volume  of  one  pound  of  saturated  steam.  The  work 
Ins  done  is  equail  to  21 16.4  x  26.36,  or  55,788  foot-pounds,  or  its  equivalent, 
72.3  units  of  heat  In  strictness,  there  is  the  initial  volume  of  the  pound 
of  water  to  be  deducted  from  this  total  volume,  to  show  the  exact  volume 
genorated;  but  it  is  relatively  very  small,  and  is  inconsiderable. 

The  second  <^  the  above  appropriations  of  the  heat  was  found  by  sub- 
tacdDg  the  sum  of  the  first  and  third,  which  are  both  arrived  at  by  direct 
Aservation,  from  the  total  heat 

The  first  appropriation  of  heat  is  thus  seen  to  be  the  sensible  heat,  and 
Ae  second  and  third  together  constitute  the  latent  heat  The  third,  it  may 
be  added,  is  simply  an  expression  of  the  mechanical  labour  necessary  to 
&engage  26.36  cubic  feet  of  steam,  and  force  it  into  space  against  an 
ilmospheric  pressure  of  2 116. 4  lbs.  p>er  square  foot 

The  appropriation  of  the  heat  expended  in  the  generation  of  one  pound 
rf  saturated  steam  at  212^  F.,  from  water  supplied  at  32*^  F.,  may  be 
d0Hted  dius : — 

To  Generate  One  Pound  of  Steam  at  212°  F. 


Units  of  heat 

Merhanical  equivalents 

The  sensible  heat : — 

in  foot-pounds. 

I.  To  raise  the  temperature  of  the 

water  from  32   to  212°  F., ...              180.9 

139*655 

The  latent  heat : — 

2.  In  the  fonnation  of  steam, 892.9 

689,318 

3.  In  resisting  the  incumbent  atmos- 

pheric pressure  of  14.7  lbs. 

per  square  inch,  or    21 16.4 

lbs.  per  square  foot, 72.3 

55,816 

965.2 

Total  or  constituent  heat 1146.1 

«*    «  ••      -W  >%    M 

745,*  34 

884,789 

4k  ^^vnAA      ^^&       ^^^^••%vvAw%M^^^h^W     mm^^^mt^^  ••••••••••••                                         ^^  ^y  ^^  •  ^ 

Volume  and  Density  of  Saturated  Steam. 

The  density  of  steam  is  expressed  by  the  weight  of  a  given  constant 
vdume,  say,  one  cubic  foot;  and  the  volume  is  expressed  by  the  number 
of  cubic  feet  in  one  pound  of  steam.  The  density  and  volume,  which  are 
ihe  rcdpiocals  of  each  other,  have  not  yet  been  accurately  ascertained  by 
fipBct  experiment  They  are,  however,  determinable  in  terms  of  the 
lieasore,  temperature,  and  latent  heat  of  steam,  all  of  which  have  been 
eq>erimentaUy  ascertained,  by  means  of  the  mechanical  theory  of  heat 
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Ai:  IfTi^iruir:  ra?^  iiiriiur^L  l  snn]iit  o^iressiaa  for  the  density  of  satmate 
itam  u   icniir  a  i:xi  prsssiirt;.  as-  I'oliov?: — 

-'=  ^ (9) 

«■«         *■ 

.r.    jiu  I'-    ua  iotf:/-r.5i9 (10) 

n  i\T...-:  -    :-  ::u  u^n^in   anc  _r  tht  pressmc  in  lbs.  per  square  indt   1 

::ir  -j\.  '•-•s.x..^  ^^  i.  m-  -ciu'\-aicn:  of/"^.  as  employed  by  Dr.  RanUaf 
u'...  .  I-  s^r.i. .=r  I.  ::^^a^u.  Tiu  rciuaiioD  signifies  that  the  logarithm < 
:::;  -  r-.^^-^  i-  It  :^  ziv^izauitl  ni  .rui.  and  that  2.519  is  to  be  subtradi 
r.Mi  ;:r:  ..-».-.....•.:  ::t:  '*viujjnaer  l^  ihe  iogarithm  of  the  density,  from  whx 
:::;  .=L'-.s.-''-   >  :.',::■.   :^^  neon*  o:  i.  laiue  of  logarithms. 

:•:  -"z-N.-^  L:?->cv.ir:  :v.  :iu  aiovt  formula  are  very  accurate;  theyi 
'-■,•;  -.f--  r.'n  i'.^  .o.L-ntr:  n  isrms  of  the  temperature  and  thelila 
:•-— .  --^^c^:--,^  ,"L   r.'-n  :  1:.  x:  rcr  Ihs.  per  square  inch,  by  more  Am 

""t^:     ,1:.^::-   :^^--:   ::^  '^c::r;v::;i!  of  :bc  denaty,  then,  putting  V  for  d 


« '^«   '• « 


(") 
(") 


•u"-» 


zsT.  :\  izx*  rrss^zi  in  lbs.  per  square  inch  I 
-v.  ::-i  jr-X:,'.-:  :c  :i*i^r:e%i  nom  2.519,  the  remaind 
,:--  ^-t:^.  z  r.r.'-  :e-c.  of  one  pound  of  saturatt 
>w-  .'.  .:.    c^r^    ;•:.  rr  ~it.  indicates  that  the  densi 

--  =v  z-:^"  j^  i-ri  7^^s^:I^e.  but  in  a  lower  ratio;  u 
x:-.-— -^.f:  jo?i.r:  -.iresw  frr  shon  intervals,  nearly  in  tt 

L-x^s^rs.     7:r  ='a:i:.rve-  -Jre  pressures  per  square  ' 


^             >.  :?.          32.          64,         128  lbs., 

•_•;  .--.>.:.->*  .:  *.  ^::>    --r  .-,!:.:  :">:c  Tiixh  ire  inversely  as  the  vohnne 

:c_:;.       -^^5^»       ::::-.       --■^.  .r-tii.     --7S9.     .1516,     .2911  Ibl, 

'-.-  •.^•.       -0.3.       5o>        97. 


■»  ■    *• 


Ix'iL.vrivs  V.LVMs  --r  SArvR.\rED  Ste.\m. 

!  ^0  -^!a::ve  *  jlumo  :i  ^acuraied  >;eam  is  expressed  by  the  number 0 

/.-::i.j-i    .i"  st-^iLi   ;  rcoucto   :V'.ai  one  volume  of  water,  the  volume  0 

^.ii'-^r   x-in^  ■ii«.\L?ureti  .ic  :hc  :tm[.'enin:re  c?2"  F.     The  relative  vol amc  i 

fo-in.i    jy  MiLitii.ly  n:^'  :iic  \oIuiv.e.  in  cubic  :eet.  of  one  pound  of  steam b; 

■-ii'j   .'j::^:k  -a  a  ....b.c  f'.-ot  M  'vaLer  xz  02'  F.,  which  is  62.355  ^^s. 

«.'r.  L  nay  ".-c  to  uric  i;  recti  v  .n  terms  oi  :he  pressure,  by  multipl)'ing  4 
^t/jiid  rriciii'ijcr  'ji  ::ic  fonuula.  iii »  by  6^.355,  Thus,  putting  n  for  A 
n.-ia-iiv*;  voiunic. 
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^_62.355x  330.36  ^^ 

20600  .     . 

^  =  -75^' (^3) 

or,  log  «  =  4.31388 -(.941  X  log/); (14) 

^ht  is,  if  the  logarithm  of  the  pressure  in  lbs.  per  square  inch  be  multiplied 
W.941,  and  the  product  be  deducted  from  4.31388,  the  remainder  is  the 
■fpritfam  of  the  relative  volume. 

i  Gaseous  Steam« 

:  When  saturated  steam  is  superheated,  or  surcharged  with  heat,  it  advance! 
pom  the  condition  of  saturation  into  that  of  gaseity.  Tlie  gaseous  state  is 
pdf  arrived  at  by  considerably  elevating  the  temperature,  supposing  the 
"JKBore  remains  the  same.  Steam  thus  sufficiendy  superheatea  is  known 
IS  gaseous  steam,  or  "steam-gas,"  as  Dr.  Ranklne  has  named  it 
'  The  test  of  perfect  gaseity  is  the  uniformity  of  the  rate  of  expansion  with 
Ae  rise  of  temperature;  and,  whereas,  during  the  first  few  degrees  which 
iiSoir  the  temperature  of  saturation,  the  rate  of  expansion  is  notably 
pater  than  that  of  air,  the  rate  diminishes  at  still  higher  temperatures,  and 
ihiiiiatdy  becomes  uniform,  like  that  of  the  expansion  of  permanent  gases « 
Dl  C  W.  Siemens,  experimenting  on  the  expansion  of  isolated  ^t/cs^m, 
at  2 1 2%  and  superheated  and  maintained  at  atnK>spheric  pressure, 
that  expansion  proceeded  rapidly  until  the  temperature  rose  to  220^, 
less  rapidly  op  to  230%  or  18^  above  the  saturation  point;  above  which 
qpgDded  umiformly,  as  a  permanent  gas.     Up  to  230^  the  expansion 

five  times  as  much  as  that  of  air. 
Messrs^  Faixbaim  and  Tate  found  that  for  steam  getierated  at  low 
tapentmes  of  saturation, — under  150''  F^ — tbe  rate  of  expansion  when 
Ae  steam  was  heated  was  neariy  uniform.  At  175^  F.,  the  expansion  £or 
tt  first  five  degrees  averaged  more  than  three  times  that  of  air;  above 
Art  point,  it  was  nearly  the  same.  For  steam  generated  at  the  hi^b 
hyiamie  of  324**  F^  for  a  total  piessure  of  95  lbs.  per  square  inch,  me 
[  Ofc  of  ezpansioD  up  to  331^  was  nearly  liiree  times  that  of  ajtr;  and  for  the 
Kxt  25  dfgrrgs;  KMktsaj^  grcxLcr. 

IL  Rfgnanlt  ooDcbded  from  his  experiments  that  saturated  steam  was 
loriy  gascoos  at  temperatores  below  60^  F. 

It  may  be  gathered  from  these  obser^^ationb  that  saturated  steam  of 
ddinazT  tanpoatmes  may  be  made  gaseous  by  superheating  it  Uj  the 
caent  of  from  10  to  20  degrees.  It  is  thought  that  the  rapidity  of  expan- 
by  heaOL  near  the  boiling  pcmit.  is  to  be  accoimted  for  by  the  supposed 
xDoismie  of  steam  in  die  saturated  condition,  as  generated  from 
being  eraporated  and  contributing  to  increase  the  quantity  of  steam 
the  tcmperaturti.  This  argument  is  plausible :  but  it  mi^ 
on  liie  crontrajT.  that  in  the  converse  process,  of  abstracting  beat 
team,  the  accelerated  reduction  of  volume  when  it  ^p- 
ibt  ftmat  of  tnTarion  is  dne  to  indpiem  condensation,  n^uch 
i  Mid  be  jtamd. 

bavbe  iiJf  iini  frir&er.  tiat  aaturaied  steam  of  ver\'  low  temperatmes, 
i5S^  or  100*  F^  is  gaseous. 
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384  STEAM. 

Total  Heat  of  Gaseous  Steam. 

Regnault  found  that  the  total  heat  of  gaseous  steam  increased,  like 
of  saturated  steam,  uniformly  with  the  temperature;  and  at  the  ntte 
.475**  for  each  degree  of  temperature,  under  a  constant  pressure.    A  f( 
for  the  total  heat  of  gaseous  steam  may  be  constructed  on  the  basis  of 
for  saturated  steam,  by  a  modification  of  the  constants;  and  for  the 
ment  of  these,  take  the  two  steams  at  a  low  temperature,  as  40""  F., 
they  are  identical  in  constitution,  both  being  gaseous.     Then,  by  f< 
(  3  )  for  saturated  steam,  the  total  heat  at  this  temperature  is 

io8i.4  +  (.305  X  40°)  =  1093^6  F. 

Substituting  for  the  second  quantity  in  this  equation,  the  quantity  (.475  x  40^^^ 
and  reducing,  then 

1074.6  +  (.475  X  40**)  =  1093^6  F. 

AVhence  the  general  formula  for  the  total  heat  of  gaseous  steam,  prodncBi 
from  water  at  32°  F., 

H'=  1074.6  +  .475  /, (is) 

H'  being  the  total  heat,  in  Fahrenheit  degrees,  and  /  the  temperature; 
is,  that  to  the  constant  1074.6,  is  to  be  added  the  product  c^  the  tempoi^ 
ture  by  .475,  to  find  the  total  heat.  j 

By  this  formula  it  is  found  that  the  total  heat  of  gaseous  steam  at  2i>*?.»| 
and  at  atmospheric  pressure,  is  1 175.3*  F.,  which  is  29.2  degrees,  or  «Jf  I 
per  cent,  more  than  that  of  saturated  steam. 

Specific  Heat  of  Steaai. 

The  specific  heat  of  saturated  steam  is  .305,  that  of  water  being  unily; 
or,  it  is  1. 28 1,  that  of  air  being  unity.  It  may  be  noted  that  .305*  is  the 
quantity  by  which  the  total  heat  of  saturated  steam  is  increased  for  eadi 
degree  of  temperature  (see  formula  3);  so  that  equal  intervals  of  tempca- 
ture  correspond  to  equal  quantities  of  heat  The  expression,  .305,  fijr 
specific  heat,  is  taken  in  a  compound  sense,  comprising  the  changes  bolh 
of  volume  and  of  pressure  which  take  place  in  the  production  of  saturated 
steam. 

The  specific  heat  of  gaseous  steam  is  .475,  under  constant  pressure,  as 
found  by  Regnault.  It  is  upwards  of  a  half  more  than  that  of  saturated 
steam.  It  is  identical  with  the  increase  of  total  heat  for  each  degree  of 
temperature  (formula  15). 

The  Specific  Densitv  of  Steam. 

The  specific  density  of  gaseous  steam  has  been  found  by  M.  RcgnaiOl 
to  be  .622,  that  of  air  being  i.  That  is  to  say,  that  the  weight  of  a  cubic 
foot  of  gaseous  steam  is  about  five-eighths  of  that  of  a  cubic  foot  of  air,  o 
the  same  pressure  and  temperature. 

The  specific  density  of  saturated  steam  is  usually  taken  at  the  sami 
value  as  that  of  gaseous  steam,  as  an  approximation  to  the  actual  value 
Thus  approximated,  it  is  only  correct  at  very  low  temperatures^  for  tta 
specific  density  increases,  though  not  rapidly,  with  the  temperatme,  mo 
much  that  though  it  is  practically  the  same  as  that  of  gaseous  steam  ai 
100"  F.,  it  becomes  .643  at  212°  F.;  and  at  303°  F.,  with  70  lbs.  absduti 


35S.3"  F..  *-iih  150  lbs.  fosss^re. ::  :>  .6S1.     tSee  labie  No.  129,1 

Dexsitt  or  Gaseoits  Steam. 

The  denstr  or  vdgbt  of  a  cubic  toot  of  gaseous  steam  is  expressible  by 
At  same  fonnula  as  for  diat  of  air  <page  35 cK  except  that  the  multipher  or 
Qoefficient  is  less  in  propoition  to  the  less  specinc  densit}%  thus: — 

jy--- 7074  /  X  .622  _  1.684  /  .^. 

/+461  /+461 ^     ' 

in  which  D'  is  the  weight  of  a  cubic  foot  (^  gaseous  steam,/  the  total  pressure 
per  square  inch,  and  /  the  temperature  by  Fahrenheit. 

Tables  or  the  Properties  or  Saturated  Steam. 

The  first  table.  No.  127,  of  the  properties  of  saturated  steam  of  tem[>era- 
tores  ranging  from  32'  to  2 1 2^  F.  is  adapted  from  a  table  pre|)ared  by  Claudel, 
partly  based  on  Regnaulfs  formulas,  and  partly  on  the  assumption  that  the 
%>ecific  densit}'  of  saturated  steam  is  uniformly  .622,  or  about  tive-eighths 
that  of  air  at  the  same  temperatiue.  As  already  mentioned,  the  s|>ecitic 
density  increases^  in  fact,  slighdy  with  the  temperature,  and  this  deviation 
horn  uniformity  explains  the  small  discrepancies  betii^'een  the  weights  of 
steam  as  given  in  table  No.  127,  and  those  as  given  for  temperatures  below 
212^  in  the  next  table. 

The  table  No.  128  gives  the  properties  of  saturated  steam  for  ]>ressures 
of  from  I  lb.  per  square  inch  to  400  lbs.  per  square  inch,  the  teni])eratures 
ranging  from  102°  to  445^  F.  The  first  column  contains  the  ascending 
total  pressures  in  lbs.  p>er  square  inch.  The  second  column,  of  temi>era- 
toxes,  was  calculated  from  the  pressures  by  means  of  the  formula  (  i  ) . — 

/=- "938.16 8 

6.1993544- log/ 

The  third  column,  of  the  total  heat  of  saturated  steam,  by  formula  ( 3  ) : — 

H=  1081.4  +  .305  /. 

The  fourth  column,  of  the  latent  heat  of  saturated  steam,  by  formula  ( 8 ) : — 

L=  II  15.2 -708  /. 

The  fifth  column,  of  the  density  of  saturated  steam,  by  formula  (10): — 

log  D  =  .941  log/ -2.519. 

The  sixth  column,  of  the  volume  of  saturated  steam,  was  calculable  by 
finding  the  reciprocals  of  the  densities,  or  by  formula  (12): — 

log  V=  2.519 -.941  log/. 

The  seventh  column,  of  the  relative  volume  of  saturated  steam,  by  the 
fonmila  (14): — 

log  «  =  4.31388 -(.941  xlog/). 

The  table  No.  129  contains  the  comparative  densities  and  volumes  of 
air  and  satmuted  steam  for  pressures  up  to  300  lbs.  total  pressiu'e  per  square 
i]idi,and  temperatures  to  417^5  F.,  together  with  the  specific  density  of 
saturated  steam. 
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Table  Na  127. — Properties  of  Saturated  Steam  from  32° to  aii'F- 


45 
50 
55 


.361 
.426 

.517.. 

.619 

•733 

,     .869.. 

1.205 

1. 410.. 

1.647 

1.917 


.  3-430- ■ 
3-933 
4509 


..  7-548... 
8-53S 
9.630 
..10.843.., 
12-183 
13-654 


..21.139.. 
23-461 
25-994 

..28.753.. 
29.922 


1.095.. 
1.267 
1.462 
1.685.. 


■  2.542.., 
2.879 
3-273 

.  3.708... 
4-193 
4-731 

■  5-327- 
5-985 


-■  7-5II-. 
8-3  7S 
9-335 
-10.385- 
11.526 
12.770 
..14.126.. 


.283 
-325  ■■ 
■373 
.426 


..3226 
2941 
2439 

..2041 
169s 
1429 


877.1 

■  746-3 
641.0 

S49-S 

-  4717 
408.2 
353-4 

■  307-7 
268.1 
234-J 

-  204.9 
180.5 
158-7 

.  140.1 


8;.j 

7S» 

69.8 
6J.4 
s'.» 
50.8 
4S9 
41S 
37-4 


"S 

_43  ■ 
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PROPERTIES  OF  SATURATED  STEAM. 

Table  No.  128. — Properties  of  Saturated  Sieam. 
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205.9 
209.6 
212.0 


Total  heat,  in 

Fahr.  degrees, 

from  water 

atja^F. 


Fahr. 
12.5 

24.6 
28.1 
30.9 

33-3 

35-3 
37.2 

38.8 

40.3 

41.7 

43-0 
44-2 

45-3 
46.1 

46.4 

47-4 
48.3 
49.2 
50.1 

50-9 

52.5 
53-2 

53.9 
54.6 

55.3 
55.8 

56.4 

57.1 
57.8 

58.4 

58.9 

59-5 
60.0 

6a5 

61.0 

61.5 

62.0 

62.5 

62.9 

63.4 
63.8 
64.2 
64.6 
65.1 
65.5 
65.9 
66.3 
66.7 
67.1 


Tfttffnt  beat, 
Fahrenheit 


Density, 

or  weight  of 

one  cubic  foot 


Fahr. 
1042.9 
1025.8 
IOI5.O 
1006.8 
1000.3 

994.7 
990.0 

985.7 
981.9 
978.4 

975-2 
972.2 

969.4 

966.8 

965.2 

964-3 
962.1 

959.8 

9577 

95  S7 
952.8 

951-3 
949.9 

948.5 
946.9 

945-3 

9437 
942.2 

940.8 
939-4 
937.9 
9367 

935-3 
934.0 

932.8 

931.6 

930.5 

929-3 
928.2 

927.1 

926.0 

924.9 

923-9 
922.9 

921.9 

920.9 

919.9 

919.0 

918.1 

917.2 

916.3 


Volume  of 

one  pound 

of  steam. 


lbs. 
0030 
0058 
0085 
0112 
0138 
0163 
0189 
0214 
0239 
0264 
0289 

0314 

0338 
0362 

0380 

0387 

0411 

0435 
0459 

0483 

0507 

0531 

0555 
0580 

0601 

0625 

0650 

0673 

0696 

0719 

0743 
0766 

0789 

0812 

0835 
0858 

0881 

0905 

0929 

0952 

0974 

0996 

1020 

1042 

1065 

1089 

nil 

"33 
1156 

1 179 

1202 


cubic  feet. 

330-36 
172.08 

.  117.52. 
89.62 
72.66 

.  61.21  . 

52.94 
46.69 

.  41.79. 
37.84 
34-63 

.  31.88. 
29.57 
27.61 

.  26.36  . 
25.85 

24-32 
.  22.96  . 
21.78 
20.70 
19.72  . 
8.84 
8.03 
7.26. 
6.64 

5-99 

5.38. 
4.86 

4-37 
3.90. 

3.46 

3.05 
2.67  . 

2.31 

1-97 
1.65  . 

1.34 
1.04 

0.76 . 

0.51 

0.27 

0.03 . 

9.81 

9-59 

9-39  • 
9.18 

9.00 

8.82. 

8.65 

8.48 

8.31. 


Relative  volune, 
or  cubic  feet  of 
tteam  from  one 

cubic  ft.  of  water. 


Rel.  vol. 

20600 

10730 

7327 

5589 

4530 
3816 

3301 
2911 

2606 
2360 
2157 
1988 
1844 
I72I 
1642 
161I 
I516 
1432 

1357 
1290 

1229 

1 174 

1123 

1075 

1036 

996 

958 

926 

895 

866 
838 

813 
789 

767 
746 
726 
707 
688 
671 

640 
625 
611 
598 

585 
572 
561 

550 
539 
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51  I      282.3  I      '167.S 

52  :       283.5  ■       "67-9 

53...,..384-7  ■  -"68.3.. 

54  I     285.9  '      116S.6 

55  I     287.1  ■      1169.0 
'*■     '     '««-           1169.3.. 


Table  No.  iz8  {amtinurd). 


[oKOiSElaM 


S7 


289.3 

290.4 
..  291.6 .. 

292.7 
193-8 

..29+-8.. 

295-9 

296,9 


-  300-9  - 
301.9 
302.9 

■  3039  - 
304.8 
305-7 

.306.6.. 

307> 


1169.7 

1170.0 


.  n72-3- 
1 173.6 
1172-9 

-  1173-3- 


1176,3  . 
1.76-5-1. 
1176.B     I 


,.319,4.,,,,,  1178.9.. 


9"5-4 

914.S 

.  913-6  . 


910.4 

.^^ 
908.0 
907.S 

.  9064  . 
905.6 
904,9 

■  904-2  - 


C-3  ■ 

896.9 

,  898.2  . 

897-5 


894.9 

.  894.3  . 
893-7 
893.1 

,  892.  S  - 


■  I3r4 
-  .1336  ■ 
.1364 
.1380 
..1403.. 


.1425  \ 

.1447  I 

...1469...;... 

..516  1 

.1560  1 
.1583  j 

,..i6o5...L.. 
.  1627  I 
.1648  I 

,..i67o...!... 
.1692  I 
■  '714 

...736...;-. 
-1759   : 
.1782   I 

...1804..-]... 


I   .1848 
.1....1869.. 
I   .1891 
I  -'9'3 


.2024 
.2044 

.2089 

...2I33.- 

:^;?i ! 


8.04 

7.88 

7-74 
7.61 
7.48 
7.36 
7.24 


6.70 
6.60 
6.49 
641 
6.32 
6.23 
6.1  s 

5-99 


5.61 
554 
5.48 


5.05 
S.00  . 
4.94 
4-89 
4-84  . 
4-79 
4-74 
4.69  . 
4.64 

4-5S  ■ 


4S8 
4S> 


.2285  ;   4-37 

=307  ;   4-33 

..2329...!-  4.29  . 


PROPERTIES  OF  SATURATED  STEAM. 
Table  No.  iz8  (mitimitd). 


11824     .  880.7 

iig].6     I  8S0.2 

11S1.8 ......  879.7 

1183.0  '  879.2 
1183.3  I  878.7 
1183.5.......  878.3 

1183.7  I  877-8 
1183.9  877.3 

1184.1 876.8 

1184.3  876.3 

1 18+5      ,  87i.9 

n84.7.-;-  875.5 

1 184-9  875.0 

ii8i.i      I  374-5 

1185.3 ......  874.1 

11854     I  873-7 

1 185.6     I  873.2 

1185.8 872.8 

I  i86tO     '  872.3 

ii86l2     '  871.9 

11864...'...  871.5 

1 186.6  871.1 

1 186.8  !  870;7 
1186.9 870L2 

1 187.1  869^ 
1187.3  8694 
1187-i  ...—  869JO 
1 187A  868.6 
1187.8 

ii88j> 867.8 

iiSSj  S674 

11S8.3  867ja 

1188.5 866j6 

1188.7  866^ 
11S&9  865.8 

"'«»o 8654 

118^  865J} 

ii8m  864j6 

(iB^ U.^^ 

1189.7  863-9 

Ii8»9  86>i 

ii9njo 863.1 

X  662.7 

1190.3  862,3 

; S61.9 
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STEAM. 


Table  No.  128  {cofUinued), 


nit^ro    Temperature 
JSrSnl?.,  in  FaVrenheit 


inc 


Total  heat,  in 

Fahr.  degrees, 

from  vrater 

at  3a*  F. 


lbs. 

165 
170 

I7S. 
180 

185 
190. 

195 
200 

210. 


220 

230 

240. 

250 

260 

270. 

280 

290 

300. 

350 
400 


Fahr. 
366.0 
368.2 
370.8 

372.9 

375-3 
377.5 

379.7 
381.7 
386.0 
389.9 

393.8 

397.5 

401. 1 

404.5 
407.9 

41 1.2 
414.4 

417.5 
430.1 

444.9 


Fahr. 
1 192.9 

1 193.7 
1194.4 
II95.I 

1 195.8 
1196.5 
1197.2 
1 197.8 
1 199. 1 
1200.3 
I20I.5 
1202.6 
1203.7 
1204.8 
1205.8 
1206.8 
1207.8 
1208.7 
I2I2.6 
I217.I 


Latent  heat, 

Fahrenheit 

degrees. 


Fahr. 
856.2 

854.5 
852.9 

851.3 

849.6 

848.0 

846.5 

845.0 

841.9 

839.2 

836.4 

833.8 

831.2 

828.8 

826.4 

824.1 

821.8 

819.6 

810.7 

800.2 


Density, 

or  weight  <^ 

one  cubic  fooc 


lbs. 

3695 

3798 

3899. 
4009 

4II7 

4222. 

4327 

443 « 

4634. 

4842 

5052 
5248. 

5464 

5669 

5868. 

6081 

6273 

6486. 

7498 
8502 


Vdume  of 
one  pound 
of  steam. 


Rcktfvet 
orcnbkfMftrf 


cnbicftori 


cubic  feeL 

2.71 

2.63 
.     2.56    . 

2.49 

2.43 
.     2.37     . 

2.31 

2.26 
.     2.16     . 

2.06 

1.98 
.     1.90    . 

1.83 

1.76 
.     1.70    . 

1.64 

1.59 
.     1.54    . 

1-33 
1. 18 


icei.  VOL 
169 
164 
159 

»5S 

148 

144 

141 

135 
129 

123 

119 

114 
no 

.    106 

IQ2 

99 
96 

83 
73 


Hypothetical  values ^  calculated  by  means  of  the  same  formulas^  for  pressurex 

beyotui  the  range  of  Regnauli\^  ohsen*attans: — 


450... 

...  456.7  ••• 

...  1220.7 

500 

467.5 

1224.0 

600 

487.0 

1229.9 

700... 

...  504*1  *.. 

...  I235.I 

800 

519.5 

1239.8 

900 

533.6 

1244.2 

000... 

...  546.5  .*' 

...  1248.1 

791.9 
784.2 

770.4 

758.3 

7474 

737.4 
728.3 


•  .9499. 
1.0490 

1.2450 

.1.4395. 

1.6322 

1.8235 

.2.0140. 


1.05 

.95 
.80 

.69 

.61 

55 
.50 


66 

59 
50 
43 
38 
34 
3' 


i 


I 


Xote  to  Tab!f, — This  table  \»as  orijjinally  published  in  the  artide  "Steam,"  contriboti 
bv  ihfc  author  to  the  Ennurlo'^ia  firitannua,  8th  edition. 
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—Comparative   Density   and  Volume    of   Air   and 
Saturated  Steam. 


T«] 

imribT^ 

DoiilT.orwcIgtuof 

Volume  (« 

^^     ^ 

Suisf 

itfKtK.         — 

Air. 

s.=«. 

*"• 

*'-"          ' 

*-'■ 

■>. 

FihroheJI. 

lb. 

lb. 

cubic  fc.1. 

cWcf™. 

I 

loa.i 

0048 

0030 

2o8.0I 

330.36 

632 

s 

162.3 

0217 

0138 

46.04 

73.66 

63s 

'93-3 

0414 

0164 

24.17 

37.84 

638 

"4-7 

0591 

0380 

16.91 

26.36 

643 

10 

»s8.o 

0786 

OS"? 

12.72 

19.72 

645 

30 

250-4 

I  142 

0743 

8.76 

13.46 

651 

40 

167.3 

'487 

0974 

6.73 

10.27 

6SS 

SO 

381.0 

1824 

S.48 

8.3> 

6S9 

60 

J92.7 

2IS5 

•V5 

4.64 

7.01 

661 

70 

301.9 

2481 

1648 

403 

6.07 

664 

So 

3ia.o 

3802 

1869 

357 

5-35 

667 

90 

3'0.2 

3II9 

3089 

3" 

4-79 

670 

too 

327-9 

343  » 

2307 

2.91 

4.33 

672 

no 

334-6 

3743 

aS2i 

3.67 

3.97 

673 

110 

341-1 

4051 

!738 

3.17 

3.6s 

676 

130 

347-2 

4355 

ms 

2.30 

3.38 

678 

140 

35 '-9 

4657 

3162 

3.'S 

3.16 

679 

■SO 

358-3 

4957 

3377 

2.96 

681 

<  160 

363-4 

5255 

3S90 

1.90 

2.79 

683 

I170 

368.2 

5551 

3798 

1.80 

3.63 

684 

'  iSo 

37^.9 

5844 

4009 

1.71 

3.49 

686 

1  190 

377-S 

6135 

4332 

■■63 

2.37 

688 

100 

381.7 

6425 

4431 

I.S6 

2.36 

690 

.  HO 

389.9 

7000 

4842 

■■43 

3.06 

692 

''40 

397-5 

7569- 

S»48 

1.33 

1.90 

694 

;i6o 

404- S 

8133 

5669 

1.23 

..76 

697 

liSo 

41 1.2 

8691 

608, 

LIS 

■.64 

700 

|3»o 

417-5 

9346 

6486 

1.08 

1-54 

702 

MIXTURE  OF  GASES  AND  VAPOURS/ 


If  two  or  more  gases  or  vapours,  not  having  any  power  of  chemia 
action  one  upon  another,  be  introduced  into  the  same  space,  each  gas  wB 
after  a  certain  interval,  be  diffused  equally  throughout  the  whole  of  th 
space,  and  will  occupy  the  space  exactly  as  if  no  other  gas  were  presea 
The  gases  thus  become  intimately  mixed. 

Moreover,  the  elastic  force  or  pressure  of  each  gas  is  the  same  as  if 
alone  occupied  the  given  space,  and  the  total  or  resulting  pressure  rf  tl 
mixture  is  equal  to  the  sum  of  the  pressures  of  the  individual  gases. 

If  a  vessel  be  filled  with  dry  air,  and  a  sufficient  quantity  of  water  1 
introduced  into  the  vessel,  the  water  is  evaporated,  and  the  vapour  ocaniii 
the  vessel  just  as  if  the  vessel  had  been  empty,  and  had  previously  contauM 
a  vacuum.  The  evaporation  proceeds  until  the  vapour  becomes  saturate! 
that  is  to  say,  until  the  pressure  and  density  of  the  vapour  arrive  at  d 
maximum  due  to  the  temperature  of  the  mixture. 

And  the  final  pressure  of  the  mixture  of  air  and  vapour  is  equal  to  tl 
pressure  of  the  contained  air  plus  the  pressure  of  the  vapour. 

These  two  propositions,  with  respect  to  the  mixture  of  air  and  vs^xx 
hold  with  respect  to  the  mixture  of  vapour  with  gases  generally.  Tht 
have  been  practically  verified  by  the  results  of  direct  experiment  made  1 
M.  Regnault;  though  he  found  a  very  slight  inferiority  of  the  pressure 
vapour  to  that  due  to  saturation,  which  he  attributed  to  the  hygroscop 
affinity  of  the  walls  of  the  vessel. 

The  process  of  evaporation  is  much  less  rapid  in  presence  of  a  gas,  tha 
when  it  takes  place  in  a  vacuum ;  owing  to  the  resistance  opposed  by  tl 
pressure  of  the  gas  to  the  disengagement  of  vapour. 

The  same  law  applies  for  determining  the  pressure  of  a  mixture  of  gas  ai 
vapour,  when  the  quantity  of  vapour  falls  short  of  the  condition  of  saturatio 

Air  is  said  to  be  saturated  with  moisture  when  the  moisture  or  vapour 
contains  is  itself  in  the  condition  of  saturation,  or  of  maximum  density  di 
to  the  temperature  of  the  air. 

HYGROMETRY. 

The  condition  of  the  air  with  respect  to  moisture  is  called  its  humidit 
or  its  relative  humidity.  The  degree  of  humidity  is  expressed  as  a  [)€ 
centage  of  that  due  to  the  state  of  saturation  for  the  temperature.  F< 
example,  if  the  proportion  of  moisture  in  the  atmosphere  is  just  half  th 
which  it  contains  when  saturated,  the  relative  humidity  is  50  per  cent,  or  5 

Diiiv  Fault. — W^en    atmospheric  air   containing    aqueous    vapour 
gradually  cooled,  the  temperature  of  the  vapour  is  lowered  whilst  its  densii 
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■acRiKd,  until  the  vapour  arrives  at  its  maximum  density  for  the  corre- 
Sng  lemperature.  If  cooled  belov  this  temperature,  a  part  of  the 
T  is  condensed  and  precipitated  as  dew.  Hence  this  particular 
jature  is  called  the  dew-point;  and  it  is  different  for  different 
ts  of  humidity.  The  dew-point  is  no  other  than  the  temperature  of 
ltd  steam,  which  has  arrived  at  its  maximum  density  in  the  course 

Iwntnctiwi  by  cooling,  whilst,  reversely,  its  temperature   has  been 


r  great  precision  for 


I  HYGROMETERS. 

[  DnucH's  hygrometer,  Fig.  133,  is  an  instrument  c 

■Bbiiiing  the  dew-point.     It  consists  of  a.  bent 

it  lilh  i.  globe  at  each  end,  and  it  is  partly  tilled 

Acdier.    The  rest  of  the  space  is  occupied  with 

^oorrf  ether,  the  air  having  been  expelled.    One 

f  the  globes,  a,  contains  a  thermometer  /.     This 

pat  is  geacrally  made  of  black  glass,  which  pre- 

DB  1  brilliant  surface.     To  use  the  instrament, 

Icvbole  of  the  liquid  is  fiist  passed  into  the  globe 

t,ai  then  the  other  globe  s,  which  is  covered 

■Ik  nnislin,  is  moistened  externally  with  ether. 

Ik  en^ioration  of  this  ether   from   the  muslin 

EBNS  2  partial  condensation  of  vapour  of  ether  in 

k  interior  of  the  globe,  which  produces  a  fresh 

H^ioration  from  the  surface  of  the  liquid  in  a,  thus 

mmg  the  temperature  of  that  part  of  the  instni- 

aoL   By  carefully  watching  the  surface  of  the  globe,  the  exact  i 

fdie  deposition  of  dew  may  be  ascertained,  and  then  the  temperature  is 


-RcgTuuJl'*  HygrwoetcT. 


d  on  the  inclosed  thermometer.     This  temperature  is  a  little  lower  than 
dew-point     If  the  instrument  be  now  left  to  itself,  the  exact  moment 
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of  the  disappearance  of  the  dew  may  be  observed,  when  the  tl 
shows  a  temperature  a  little  above  the  dew-point  The  mean 
observed  temperatures  is  taken  as  the  dew-point,  and  the  teo 
the  external  air  is  shown  by  a  thermometer  /'  attached  to  the  st 
Regnault's  hygrometer.  Fig.  124,  consists  of  a  glass  tube  cb 
bottom  by  a  very  thin  silver  cup  d,  and  at  the  top  by  a  co 
which  the  stem  of  a  thermometer  T  is  passed,  and  a  glass  tub 
both  ends.  The  lower  end  of  the  tube  and  the  bulb  of  the  tl 
dip  into  ether  contained  in  the  silver  cup.  The  tube  d  is  co 
the  tube  uv  with  the  inspirator  a,  which  contains  water.  When 
allowed  to  escape  from  the  bottom,  a  current  of  air  is  drawn  1 
ether,  by  agitating  which  the  curren 
a  uniformity  of  temperature  in  it  Tl 
duced  by  evaporation  speedily  causes  ( 
of  dew;  and  by  the  inverse  action  t 
appears.  The  mean  of  the  temperatm 
at  the  same  times  is  the  dew-point 
tube  d'  is  not  in  connection  with  th 
nnd  it  contains  a  thermometer  to  d 
temperature  of  the  external  air.  Ala 
used  instead  of  ether. 

The  wet  and  dry  bulb  thermometer, 
as  Mason's  thermometer,  Fig.  125,  is 
use.  It  consists  of  two  thermomete 
ahke.  The  bulb  of  one  is  covered  1 
which  is  kept  moist  by  means  of  a  > 
leading  from  a  glass  of  water.  The  1 
from  the  moistened  bulb  lowers  the  1 
of  it,  and  the  difference  of  the  tempei 
on  the  two  thermometers  increases  w 
ness  of  the  air.  The  indications  ■ 
thermometers  are  interpreted  by  meai 
s  specially  composed.' 

The  pressure  and  density  of  satura 

"""         \  "  at  temperatures  ranging  from  the  fre 

J  Z*-^''  to  the  boiling  point,  under  atmosphei 

have  been  given  m  table  No.  137, 

The  temperatures   may  be  called  the  dew-points  of  the  stef 

corresponding  densities. 

Properties  of  Saturated  Mixtures  of  Air  and  Aqueoi; 

The  leading  properties  of  saturated  mixmres  of  air  and  aque 
under  a  constant  pressure  of  one  atmosphere,  or  14.7  lbs.  per  » 
at  final  temperatures  or  dew-points  ranging  from  32°  to  aia°  F 
in  table  No.  130. 

The  second  and  third  columns  give  the  total  pressures  of  the 
the  air,  in  saturated  mixtures,  at  the  temperatures  given  in  the  fi 
The  sum  of  any  pair  of  these  pressures  is  equal  to  14.7  lbs.,  or 

'These   notices  of  h^romelen  are  derived   from   Deschanel's  Naturot 
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|lcrc:  thejr  are  complementary  to  each  other.    At  32**,  for  example,  the 
of  the  vapour,  .089  lbs. +  14.6 11  lbs.,  the  pressure  of  the  air 
with  it9  =  14.7  lbs.;  and  at  210^,  the  sum  of  the  pressures,  14.126  + 
^74,  is  also  equal  to  14.7  lbs. 
Cohunns  4  and  5  give  the  respective  weights  of  vapour  and  air  in  100 
feet  of  the  saturated  mixture,  the  sum  of  which,  or  the  total  weight  of 
[Ae  mixture,  is  given  in  column  6. 

Columns  7,  8,  9,  give  the  quantities  of  heat  reckoned  from  32**  F.  in  100 
[cibic  feet  of  the  vapour,  the  air,  and  the  mixture,  respectively.  The  quan- 
f(if  of  heat  in  the  vapour  is  found  by  multiplying  the  quantity  of  heat  in 
ie  pound  of  vapour,  as  given  in  column  10,  by  the  weight  of  the  vapour 
I  column  4,  of  the  present  table. 

For  example,  the  total  heat  of  one  pound  of  saturated  vapour  at  32^  F. 
■  109 1.2  units,  and  the  weight  of  100  cubic  feet  of  the  vapour  is  .031  lb.: 

1091.2  X  .031  =33.8  units  of  heat, 

vidch  is  the  quantity  of  heat  in  the  vapour  given  in  the  fourth  column. 

The  quantities  of  heat,  column  10,  are  copies  of  the  fourth  column  of 
Mt  No.  127,  page  386,  which  are  expressions  of  the  quantity  of  heat  in 
oot  pound  of  vapour,  reckoned  from  32°  as  the  initial  temperature  of  the 
vater  converted  into  vapour. 

The  quantity  of  heat  in  the  air,  column  8,  is  found  by  multiplying  the 
ipedfic  heat  of  air,  .2377,  by  the  number  of  degrees  of  the  temperature  in 
acess  of  32**,  and  by  Uie  weight  of  100  cubic  feet  given  in  the  fifth  column. 

The  total  heat  in  the  mixture,  column  9,  is  the  sum  of  the  heats  in 
eoiomns  7  and  8. 

The  quantity  of  dry  air,  column  11,  required  for  one  pound  of  vapour, 
m  aturated  mixture  with  it,  is  found  by  dividing  the  weight  of  air,  column  5, 
bf  the  relative  weight  of  vapour,  column  4.  The  volume  at  62®  F.  of 
tteair,  column  12,  is  found  by  multiplying  the  weight  in  column  11,  by 
13.141  feet,  the  volume  of  one  pound  of  air  at  62^ 

The  thirteenth  column  of  the  table  gives  the  initial  temperature  to  which 
the  quantities  of  dry  air  given  in  columns  11  and  12,  would  require  to  be 
BBcd,  in  order  to  provide  a  sufficient  quantity  of  heat,  if  applied  to  the 
liter  at  32**,  to  evaporate  it,  and  to  form  a  saturated  mixture  at  each  of  the 
1eflq)eratures,  given  in  column  i.  The  product  of  the  weight  of  air,  col.  1 1, 
bfthe  specific  heat,  is  equal  to  the  number  of  units  of  heat  absorbed 
by  the  air  for  one  degree  elevation  of  temperature.  If,  therefore,  the 
qaantity  of  heat  in  one  pound  of  vapour,  column  10,  be  divided  by  the 
weight  of  air,  column  1 1,  and  by  the  specific  heat  of  air,  .2377,  the  quotient, 
:  fhs  the  final  temperature  of  the  saturated  mixture,  as  given  in  column  i,  is 
the  required  initial  temperature. 

By  following  the  same  directions,  the  various  values  may  be  found  for 
i  my  other  final  temperature  of  saturated  mixture;  and,  inversely,  the  final 

temperature  may  be  found  for  any  given  initial  temperature. 


COMBUSTION. 


The  combustible  elements  of  fuel  are  carbon,  hydrogen,  and 
There  are  other  elements  in  fuel — nitrogen,  water,  and  solid  incoml 
matter — which  do  not  take  part  in  combustion.      Fuel  is  burned 
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atmospheric  air,  of  which   the  oxygen  combines  with  the 
matter,  whilst  the  nitrogen  remains  neutral.     The  combining  pi 
of  the  elements  concerned  in  or  about  combustion  are  given  in 
No.  131: — 


Table  No.  131. — Composition  and  Combining  Equivalents  of 

CONCERNED  IN  THE  COMBUSTION  OF  FUEL.     (OlD  NoMENCLATURL) 


Gases. 


Elements  :— 

Oxygen, 

Hydrogen, 

Carbon, 

Sulphur, 

Nitrogen, 

Compounds  :— 
Light    Carburetted    Hy-  j 
drogen, ( 

defiant  Gas, j 

Atmospheric    Air    (me-  \ 
chanical  mixture), / 

Carbonic  Oxide, | 

Carbonic  Acid, < 

Aqueous      Vapour      or  J 
Water, ( 

Sulphurous  Acid, j 


Elements  of  the   ' 
Gases. 


Equivalents. 


Oxygen, 

Hydrogen, 

Carbon, 

Sulphur, 

Nitrogen, 


Carbon,  2 

Hydrogen,  4 

Carbon,  4 

Hydrogen,  4 
Oxygen,  23 
Nitrogen,   yy 

Oxygen,  i 

Carbon,  i 

Oxygen,  2 

Carbon,  i 

Oxygen,  i 

Hydrogen,  i 

Oxygen,  2 

Sulphur,  1 


Combining  Equivalents. 


By  Weight. 


8 
I 

6 
16 

14 


By  Measure. 


One  Volume  =  Q 


■:!- 


24 

4 
8 

26.8 

8 

6 

16 

6 

8 


16 
28 

34.8 

14 
22 

9 
32 


CD 


=  D 


m 

o       }  =  HP 

rn     ji       approxiniatelj 

D  (ideal)  ' 

D  (ideal)  J    "  ° 

D  1    ^° 

Q         I 

D  (ideal)  ( 


D 


The  volume  of  one  pound  of  the  principal  gases  at  62°  F.,  under  one 
atmosphere  is  as  follows : — 
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400  COMBUSTION. 

AIR   CONSUMED   IN   THE   COMBUSTION   OF  FUELS. 

Fuels  are,  for  the  most  part,  compounds  of  carbon,  hydrogen,  solp 
and  oxygen,  in  various  proportions;  and  to  form  a  calculation  of 
quantity  of  air  chemically  consumed  in  the  combustion  of  a  fuel,  the  so 
quantities  reciuired  for  each  combustible  element  of  the  fuel  are  tc 
calculated.  When  oxygen  is  present  as  a  constituent  of  a  fuel,  it  ens 
combination  with  a  portion  of  hydrogen  as  water,  in  solid  fuels  at  1 
and  in  any  fuel,  liquid  or  solid,  the  combined  oxygen  and  hydrog^ 
driven  off,  in  the  process  of  combustion,  as  water  or  steam.  Such  po 
of  the  constituent  hydrogen,  therefore,  as  is  thus  driven  off,  already  J 
ated  with  oxygen,  is  to  be  excluded  from  the  calculation  for  the  qoant 
air  necessary  to  consume  the  remainder  of  the  hydrogen,  and  the  a 
and  sulphur.  Let  the  constituents  of  the  fuel  be  expressed  proportic 
as  percentages  of  the  total  weight  by  their  initials  C,  H,  O,  S,  respecli 
then  the  volume  of  air  at  62°  F.  chemically  consumed  in  the  combe 
of  one  pound  of  a  fuel,  is  expressed  for  each  combustible  as  folloi^'s:- 

Cubic  feet. 

For  the  carbon, 152  C^  100. 

For  the  hydrogen, 457  (H-O)-r- 100. 

For  the  sulphur, 57  S-?- 100. 

The  quantity  O  signifies  the  deduction  to  be  made  from  the  consti 

hydrogen,  for  that  portion  which  forms  steam  \vith  the  constituent  ox 
being  ecjual  in  weight  to  one-eighth  part  of  the  weight  of  the  oxygen. 
total  volume  of  air  is  the  sum  of  these  three  items: — 

152  C  +  457(H-0)  +  57  S 

?! . 

100 

Putting  A  for  the  total  volume  of  air  at  62^  and  reducing — 

i52(C  +  3(H-0)  +  .4S) 

A  =^  - ? ,  or 

100 

A  -  1.52  (C  +  3  (H  -0)  +  .4  S) (  I : 

Rule  I. — To  jimi  the  quantity  of  air  at  62®  i^,  under  otu  atnws^ 
chemically  consumed  in  the  complete  combustion  of  oiu  potifid  of  a  ^ttm 
Let  the  constituent  carbon,  hydrogen,  oxygen,  and  sulphur,  be  expi 
as  percentages  of  the  whole  weight  of  the  fuel;  divide  the  oxygen 
deduct  the  quotient  from  the  hydrogen,  and  multiply  the  remainder 
multiply  the  sulphur  by  0.4;  add  these  two  products  to  the  carbon,  anc 
tiply  the  sum  by  1.52.    The  final  product  is  the  quantity  of  air  in  cubic 

To  find  the  weight  of  the  air  chemically  consumed,  divide  the  sk 
thus  found  by  13.14;  the  quotient  is  the  weight  of  the  air  in  pounds. 

Note. — In  making  ordinar}-  approximate  calculations,  the  sulphur  ro 
omitted. 

Quantity  of  thk  (j  as  ecus  Products  of  the  Complete  Combustk 
One  Pound  of  Fuel.  j.  By  Weight, 

Pound.  Pounds.  Pounds. 

I  carbon,  and     2.66  oxygen,  form  3.66  of  carbonic  acid. 

I  hydrogen,  and  8       oxygen,  form  9       of  steam. 

I  sulphur,  and     i       oxygen,  form  2       of  sulphurous  acid. 
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Then  in  the  combustion  of  one  pound  of  fuel  the  weights  of  the  products 
areas  follows: — 

3.66  C  -?■  100  =  .0366  C  =  the  weight  of  carbonic  acid (a) 

9  H  -?- 100  =     .09  H  =  the  weight  of  steam (  ^  ) 

2  S  -T- 100  =     .028=  the  weight  of  sulphurous  acid (  c) 

To  th^  is  to  be  added  the  weight  of  atmospheric  nitrogen  separated  from 
Atoxjfgen  chemically  consumed,  and  the  weight  of  the  constituent  nitrogen, 
N,  of  the  fuel  The  quantity  of  atmospheric  nitrogen  is  3.35  times,  by 
weight,  that  of  the  oxygen  consumed;  and, 

Pound.  Pounds. 

P'or  I  carbon  there  are     2.66  x  3.35  =  8.93  nitrogen. 
For  I  hydrogen  there  are       8  x  3.35  =  26.8       do. 
For  I  sulphur  there  are  i  ^3. 35-3.35       do. 

Multiply  each  of  these  quantities  by  their  respective  percentages  of  combus- 
tible, and  di\nde  by  100;  the  sum  of  the  quotients  is  the  weight  of  nitrogen 
separated  from  the  atmospheric  oxygen  consumed.  To  this  is  to  be  added 
the  constituent  nitrogen  of  the  fuel: — 

8.93  C  -^  100  -^  .0893  C. 
26.8  H- 100=   .268  H. 
3.35  S  :  100  =  .0335  S. 
N-f- 100=     .01  N. 

Thus,  the  total  weight  of  nitrogen  is  equal  to 

(.0893  C  +  .268  H4-.0335  S  +  .oi  N) {a  ) 

Add  together  the  total  weights  of  carbonic  acid,  steam,  sulphurous  acid, 
and  nitrogen  above  noted,  and  put  w  for  the  total  weight  of  the  gaseous 
products  of  combusrion,  then — 

2^^.0366  C  +  .  09  H  +  .  o2S  +  (.o893  C4-.268  H  +  .0335  S  +  .oi  N); 
Qiv=  .126  C  +  .358  H  +  .053  S  +  .oi  N ....(  2  ) 

Rule  2. — To  find  the  total  weight  of  the  gaseous  products  of  the  cofnpldc 
tmbiistion  of  one  pound  of  a  fuel.  Let  the  elements  be  expressed  as  per- 
centages of  the  fuel;  multiply  the  carbon  by  0.126,  the  hydrogen  by  0.358, 
the  sulphur  by  0.053,  and  the  nitrogen  by  .01,  and  add  together  those  four 
pRxiucts.     The  sum  is  the  total  weight  of  the  gases  in  pounds. 

Nctc — ^The  weight,  in  pounds,  of  the  carbonic  acid,  separately,  may  be 
hmd  from  the  quantity  (a),  above;  that  of  the  steam  from  (^),  that  of 
die  sulphurous  acid  from  (^),  and  that  of  the  nitrogen  from  (</). 

2.  By  Volume, 

Multiply  the  weight  of  each  gaseous  product,  {a),  {b),  {c),  (d),  by  the 
n)lume  of  one  pound  in  cubic  feet  at  62®  F.,  page  399.     Then 

Cubic  feet. 

.0366  C  X      8.59  =   .3150  =  Volume  of  the  carbonic  acid {e) 

.09  H     x2i.i25  =  i.9H     =  Volume  of  the  steam  (/) 

.02  S      X      5.85  =   .117  S  =  Volume  of  the  sulphurous  acid...  {g) 

{.0893  C+  .268  H  +  .0335  S  +  .OI  N)    X  13.5 

(1.206  C  +3.618  H  +  .45  S     +.135  N)-=  Volume  of  the  nitrogen...  (//; 

26 
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Adding  together  and  reducing,  and  putting  V  =  the  total  volume  g 
gases, 

V=i.52  C  +  5.52  H4-.567  S4-.135  N (3J 

Rule  3. — To  find  the  total  volume,  ^62°,  of  the  gaseous  produOs  i 
complete  combustion  of  one  pound  of  fuel.  Let  the  elements  be  expressc 
percentages;  multiply  the  carbon  by  1.52,  the  hydrogen  by  5.52, 
sulphur  by  .567,  and  the  nitrogen  by  .135,  and  add  together  Ac 
products.  The  sum  is  the  total  volume,  at  62°  F.,  of  the  gases,  inc 
feet. 

Note. — ^The  volume  of  the  several  gases  separately  may  be  found 
the  respective  quantities  (e),  (/),  (g),  {h). 

The  volume  of  the  gases  at  higher  temperatures  than  62**  F.  is  foun 
the  formula  (2),  page  347;  namely, 

^  -^/+46i ^^' 

As  /  =  62®,  this  formula  becomes,  for  present  purposes, 

V'  =  V^^i^.  (5 

and  it  appears  that  the  initial  or  normal  volume,  as  at  62°,  unde 
atmosphere,  is  doubled  when  the  temperature  is  raised  523**  higher 
that  the  expanded  volume  at  any  other  temperature  f,  in  proportion  l 
normal  volume,  is  found  by  adding  461  to  the  temperature,  and  dii 
the  sum  by  523. 

Surplus  Air. 

If  the  quantity  of  surplus  air  that  enters  the  furnace  and  passes 
unconsumed,  be  expressed  as  a  percentage  of  the  air  chemically  cons 
it  is  found  directly  from  the  latter  when  this  is  known.  If  the  voh 
given,  the  weight  is  found  by  dividing  the  volume  at  62°  in  cubic  f< 

13.14. 

HEAT  EVOLVED  BY  THE  COMBUSTION  OF  FUEL 

From  the  experimental  investigations  of  MM.  Favre  and  Silbermar 
total  quantities  of  heat  evolved  by  the  combustion  of  one  pound  of 
combustibles  with  oxygen  were  determined  as  follows: — 

Simple  Bodies.  Units  of  heat. 

Hydrogen 62,032 

Carbon — Wood  charcoal,  thoroughly  calcined 14,544 

Sugar  charcoal 14,470 

Gas-coke 14^485 

Graphite,  from  blast-furnaces 13,972 

Natural  graphite 14,033 

Diamond  (pure  carbon) 13,986 

Sulphur 4,032 
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Compound  Bodies.  Uniuofhcat. 

Carbonic  oxide 4*325 

Light  carburetted  hydrogen 23*513 

Olefiantgas 21,343 

Sulphuric  ether 16,249 

Alcohol 12,929 

Turpentine i9»534 

Sulphuret  of  carbon 6,1 20 

Wax 18,893 

t  chemical  composition  of  the  compound  bodies  above  cited  is  as 
s,  and  there  is  added  the  composition  of  a  few  other  combustibles: — 

No.  132. — Chemical  Composition  of  Compound  Combustibles. 


Combustible. 


onic  oxide 

t   carburetted 

drogen 

ant  gas. 

ivaic  ether 

hoi 

•entine 


I 


:oil 

•w... 


Combining  equivalents. 

In  zoo  parts  by  weight. 

Carbon. 

Hydrogen. 

Oxygen. 

Carbon. 

Hydrogen. 

Oxygen,    j 

1 

per  cent. 

percent 

percent. 

I 

I 

42.9 

57-1 

2 

4 

75-0 

25.0 

4 

4 

4 
20 

4 

5 
6 

16 

I 
2 

85.7 
64.8 

52.2 

88.2 

14.3 

13.5 
13.0 

1 1.8 

21.7 
34-8 

81.6 
77.2 
79.0 

139 

134 
II.7 

4-5 
9-4 
9-3 

heating  powers  of  the  compound  bodies  are  approximately  equal  to 
n  of  the  heating  powers  of  their  elements.  Peclet  gives  a  number  of 
les  in  proof  of  Uiis.  Take  light  carburetted  hydrogen,  which  consists 
equivalents  of  carbon  and  four  of  hydrogen,  weighing  respectively 
12  and  I  X  4  =  4,  in  the  proportion  of  3  to  i,  or  ^  lb.  of  carbon  and 
of  hydrogen  in  one  pound  of  the  gas.  The  elements  of  the  heat  of 
stion  of  one  pound  are,  then, 

Units  of  heat. 

For  the  carbon i4>544  ^  H-    io>9o8 

For  the  hydrogen 62,032  x  ^  =    15*508 

Total  heat  of  combustion,  calculated 26,41 6 

Total  heat,  by  direct  trial 23,513 

Elxcess  by  calculation 2,903 

1  has  4  of  carbon,  6  of  hydrogen,  and  2  of  oxygen.  Abstracting  the 
uon  of  hydrogen  neutralized  by  the  oxygen,  there  are  to  be  dealt 
of  carbon,  4  of  hydrogen^  and  2  of  water,  the  weights  of  which  are 
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as  24,  4,  and  18;  total  46.  The  quantities  of  heat  evolved  in  the  cc 
tion  of  one  pound  of  alcohol  are,  therefore, 

UaiuaflMift. 

For  the  carbon i4>544>«  **/46=      75^ 

For  the  hydrogen 62,032  x  4/^6  =     5394 

Total  heat  evolved,  calculated 12,982 

Total  by  direct  trial 12,929 

Excess  as  calculated 53 

Olive  oil  consists,  in  100  parts,  of  77.2  carbon,  13.4  hydrogen,  a 
oxygen;  or  77.2  carbon,  12.2  hydrogen,  and  10.6  water.  The  1 
combustion  is,  by  calculation, 

Umtsof  beat 

For  the  carbon 14.544  ^  ^'Aoo  =    11,228 

For  the  hydrogen 62,032  x  «*-V,oo  =      7»568 

Total  heat 18,796 

Tallow  consists  of  79  carbon,  11.7  hydrogen,  and  9.3  oxygen,  in  loc 
or  79  carbon,  10.54  hydrogen,  and  10.46  water.  The  heat  of  com) 
is,  by  calculation, 

'      ^  Units  ofheat. 

For  the  carbon i4»544  >«  ^Aoo      =    11,490 

For  the  hydrogen 62,032  x  '®-54/,«,  =     6,538 

Total  heat 18,028 

llie  successive  evolvements  of  heat  in  burning  carbon, — when  ca 
oxide  is  formed,  and  when  it  is  converted  into  carbonic  add 
deduced  from  the  fact  that  one  pound  of  carbonic  oxide,  when  bumc 
oxygen  to  form  carbonic  acid,  evolves  4325  units  of  heat  As  the 
consists  of  6  of  oxygen  to  8  of  carbon,  a  pound  of  it  contains  Vm^ 
pound  of  carbon,  the  combustion  of  which  has  produced  4325  units  c 
In  the  same  ratio,  one  pound  of  carbon,  as  carbonic  oxide,  would  ev 

4325  X  14-r  6  =  10,092  units  ofheat 

in  being  converted  from  oxide  into  acid.  Therefore,  the  heat  of  co 
combustion,  14,544  units,  minus  10,092  =  4452  units,  is  the  heat  evo 
the  conversion  of  the  carbon  into  the  oxide,  and  the  successive  d 
nients  of  heat  by  the  combustion  of  one  pound  of  carbon  are  as  folk 

Units  of  heat. 

In  the  first  stage,  forming  carbonic  oxide 4,452,  or    30  per  < 

In  the  second  stage,  forming  carbonic  acid...   10,092,  or    70        , 

Heat  evolved  by  complete  combustion...   14,544,  or  100       , 

Table  of  the  Heating  Powers  of  Combustibles. 

The  experimental  results  of  MM.  Favre  and  Silbermann  are  a 
with  some  slight  revision,  recommended  by  M.  Peclet,  in  table  N 
column  5.  The  weight  of  oxygen,  column  2,  is  calculated  from  the 
equivalents  and  weights  of  the  elements,  as  given  in  table  No.  131,  pay 
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le^  of  air,  column  3,  is  4.35  times  the  weight  of  oxygen,  column  2, 
ievohime  of  air  at  62%  column  4,  is  13.14  times  the  weight,  column  3. 
^divalent  evaporative  power,  columns  6  and  7,  is  expressed  by  the 
t  of  water  evaporable  at  2 1 2°  by  one  pound  of  combustible — ^first,  if 
ed  at  62^  F.,  by  dividing  the  total  heat  of  combustion,  column  5,  by 
,  which  is  the  total  heat  of  atmospheric  steam  raised  from  water 
ed  at  62**;  second,  if  supplied  at  212**  F.,  by  dividing  by  966"*,  the 
leat  of  atmospheric  steam  raised  from  water  supplied  at  212^ 

No.  133. — Total  Heat  Evolved  by  Combustibles  and  their 

QUIVALENT    EVAPORATIVE    PoWER,   WITH   THE  WEIGHT   OF   OXYGEN 

VD  Volume  of  Air  Chemically  Consumed. 


combustibles. 


XMind  weight. 

ogen 

m,  making  ) 
3nic  oxide...  | 
»n,  making ) 
>mc  acid....  J 

ite 

nic  oxide  .... 
carburetted  ) 

3gen j 

buretted  hy-  \ 
m,orolefiant  > 

iric  ether .... 

ol. 

ntine 

IT 

r 

flementary?! 
of  average ) 

>osition J 

desiccated... 
,  desiccated., 
-charcoal,      ) 

cated / 

desiccated... 
haicoal,  1 
cated J 


Weight  of 

oxygen 

consumed 

per  lb.  of 

ccmibustible. 


1 


lbs. 
8.0 

1-33 

2.66 

2.66 
0.57 
4.0 

3-43 

2.60 
2.78 

329 
1. 00 

324 
303 
2-95 

2.46 

2.50 
1.40 

2.25 

1-75 
2.28 


R 


Quantity  of  air 
OMtsumed  per 

pound  of 
combustible. 


lbs. 

1 

cubic 

feet  at 

da*. 

34-8 

457 

5-8 

76 

II. 6 

152 

1 1.6 

152 

2.48 

33 

17.4 

229 

150 

196 

"•3 

149 

1 2. 1 
14.3 

159 
188 

4.35 
14.1 

57 
185 

13-2 
12.83 

173 
169 

10.7 

141 

10.9 
6.1 

143 
80 

9.8 

129 

7.6 

100 

9.9 

129 

Total  heat 
of  combustion 


Equivalent  evaporative 
power  of  X  pound  of 
of  I  pound  of '1  combustible,  under  cme 
combustible.  I     atmosphere,  at  aia*. 


units. 
62,032 
4,452 

14,500 

14,040 

4,325 

23,513 

.21,343 

16,249 
12,929 

19,534 

4,032 

18,893 

18,796 
18,028 


14,133 

13,550 
7,792 

12,696 

9,951 
12,325 


pounds 

of  water 

ai62*. 

55-6 

4.0 

13-0 

12.58 

3.88 

21.07 

19.12 

14.56 
11.76 

17-50 
3.61 

16.93 
16.84 

16.15 


12.67 

12.14 
6.98 

11.38 
8.91 

11.04 


pounds 

of  water 

at  2x2  . 

64.20 
4.61 

15-0 

14.53 
4.48 

24.34 

22.09 

16.82 

13.38 
20.22 

4.17 
19.56 
19.46 

18.66 


14.62 

14.02 

8.07 

13.13 
10.30 

12.76 
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From  the  table,  it  appears  that  when  carbon  is  not  completely 
and  becomes  carbonic  oxide,  it  produces  less  than  a  third  of  the: 
yielded  when  it  is  completely  burned.     For  the  heating  power  of 
an   average  of    14,500  units  will  be  adopted.      The  heating 
hydrogen  is  about  four  and  a  quarter  times  that  of  carbon. 

The  calculation  for  the  heating  power  of  a  combustible  may  be 
to  a  simple  formula.     Let  C,  H,  O,  and  S  represent,  as  before,  die 
centages  of  carbon,  hydrogen,  oxygen,  and  sulphur,  in  100  paiti 
elements  of  the  heat  evolvable  are  as  follows : — 

Of  the  carbon, 14,500  C-s- 100. 

Of  the  hydrogen, 62,032  (H~0)-i-ioo. 

Of  the  sulphur, 4,0328-^100. 

The  quantity  O  is  a  deduction  made  from  the  hydrogen  to  satisfy 

constituent  oxygen  of  the  fuel :  being  an  eighth  of  the  weight  of  tl 
oxygen.     The  total  evolvable  heat  is 

14,500  C  +  62,032  (  H  -  O)  +  4032  S 

1 ,or 

100 

14,500  C  + (14,500  X  4.28  (H-0) )  + (14,500  X  .28  S) 

J ; 

100 

or,  putting  A  for  the  total  heat, 

^=145  (C  +  4.28(H-0)  +  o.28S)  (6) 


Rule  4. — To  find  the  total  heating  power  of  one  poutid  of  a  combuMU^  < 
which  the  percentages  of  the  constituent  carbon  ^  hydrogen^  oxygen,  and  sulfik^ 
are  given.  From  the  hydrogen  deduct  one-eighth  of  the  oxygen,  an 
multiply  the  remainder  by  4.28;  multiply  the  sulphur  by  0.28;  add  tt 
two  products  to  the  carbon;  and  multiply  the  sum  by  145.  The  fiw 
product  is  the  total  heating  power  of  one  pound  of  the  combustible,! 
units  of  heat. 

Note. — The  item  of  sulphur  as  a  combustible  may  be  ignored  in  d 
culations  for  ordinary  purposes. 

Dividing  the  second  member  of  the  formula  (6)  by  1116**,  the  total  he 
of  steam  at  212°  raised  from  water  at  62°;  or  by  966®  if  the  water  1 
supplied  at  212°;  the  quotients  express  the  equivalent  evaporative  power 
the  combustible.  Putting  e  for  the  evaporative  power,  in  pounds  of  wat 
per  pound  of  combustible, — 

^  =  0.13  (C-h 4.28  (H-0) +  0.28  S), (7) 

when  the  water  is  supplied  at  62°;  and 

^-0.15  (C  +  4.28  (H-0)  +  o.28  S), (8) 

when  the  water  is  supplied  at  2 1 2°. 

Rule  5. — To  find  the  total  a^aporative  power  of  one  pound  of  a  comhustl 
of  which  the  percentages  of  the  constituent  carbon,  hydrogen,  sulphur,  c 
oxygen  are  given.  From  the  hydrogen  deduct  one-eighth  of  the  oxyg 
and  multiply  the  remainder  by  4.28;  multiply  the  sulphur  by  0.28;  a 
these  two  products  to  the  carbon,  and  multiply  the  sum  by  0.13  when  \ 
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supplied  at  62^  or  by  0.15  when  the  water  is  supplied  at  2I2^ 
al  product  is  the  total  evaporative  power  of  one  pound  of  the 
iblc  in  pounds  of  water,  evap  :)rated  at  2 1 2®. 
—When  the  total  heating  power  is  known,  divide  it  by  11 16,  when 
T  is  supplied  at  62°;  or  by  966  when  the  water  is  supplied  at  212®. 
)rient  is  the  equivalent  evaporative  power. 

K)uivalent  evaporative  power,  from  water  supplied  at  2 1 2°,  is  found 
by  dividing  the  total  heat  by  1000. 

Temperature  of  Combustion. 

temperature  of  combustion  is  settled  by  the  several  quantities  and 
heats  of  the  products  of  combustion.  One  pound  of  carbon  when 
ely  burned  yields  3.66  lbs.  of  carbonic  acid,  and  8.94  lbs.  of 
L    Multiply  these  by  the  respective  specific  heats  of  the  gases — 

For  Carbon. 

F„..lxC«bon.  Sj«jfic      Uniuof 

Carbonic  acid, 3.66  lbs.  x  .2164=   .792  for  i**  F. 

Nitrogen, 8.94  lbs.  x    .244  =  2.181        „ 


12.60  lbs.  X    .236  =  2.973        „ 

that  the  products  of  combustion  absorb  2.973  units  of  heat  in 
F.  of  temperature.     Divide  the  total  heat  of  combustion,  14,500 
2.973,  and  the  quotient  is  4877**  F.     Add  the  initial  temperature, 
malang  4939°  F.  the  temj)erature  of  combustion. 

For  Hydrogen. 

Gaseous  steam,....  9     lbs.  x  .475  =   4.275  for  i**  F. 
Nitrogen, 26.8  lbs.  x  .244=   6.539       „ 

35.8  lbs.  X  .302  =  10.814       » 

heat  of  combustion,  62,032  units  -^  10.8  -  5744°.    Add  62°  for  the 
ire  of  combustion  of  hydrogen,  making  5806°  F. 

For  Sulphur. 

Far,  lb.  Sulphur.  Sgccf       Units  of 

Sulphurous  acid,.. 2       lbs.  x  .1553  =   .311  for  i**  F. 
Nitrogen, 3-35  lt)s.  x    .244=   .817       „ 

5.35  lbs.  X    .211  =  I.I 28       „    . 

heat  of  combustion,  4032  units  -r  1.128  =  3575^    Add  62**  for  the 
ire  of  combustion  of  sulphur,  making  3637°  F. 
al  of  average  composition  (the  calculation  for  which  will  be  given 
there  are  11.94  lbs.  of  gaseous  products,  of  which  the  mean 
eat  is  .246;  and 

1 1.94  X  .246  =  2.935  units  of  heat  for  i*  F. 

heat  of  combustion,  14,133  units -r  2.935  =  481 5^     Add  62"*  for 
Mature  of  combustion  of  average  coal,  making  4877®  F. 
•lus  air  be  mixed  with  the  products  of  combustion,  and  equal  in 
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quantity  to  the  air  chemically  consumed,  the  total  weight  of  gases  for 
pound  of  coal  is  increased  to  22.64  lbs.,  having  a  mean  specific  hcan 
.242;  and 

22.64  ^  -242  =  5.478  units  of  heat  for  1°  F. 

The  total  heat  of  combustion,  14,133  units -7-5.478  =  2580*.  Add  62'li 
temperature  of  combustion,  making  2642**  F.;  which  is  little  more  tha. 
half  the  temperature  of  undiluted  products  of  combustion. 

From  the  annexed  table,  No.  134,  it  appears  that  the  specific  heat  of  the 
products  of  combustion  is  in  general  about  .250;  excepting  that  far 
hydrogen,  which  is  .302;  and  that  for  sulphur,  which  is  .211. 

Table  No.   134. — WEiGHr  and  Specific   Heat  of  the  Products  <■ 

COMnUSTION,   AND   THE   TEMPERATURE  OF   COMBUSTION.  \ 

(Combustibles  arranged  in  the  order  of  the  temperatures.) 


Hydrogen 

Sulphuric  ether 

defiant  gas 

Olive  oil 

Tallow 

Coal  (average) 

Carbon,  or  pure  coke 

Wax 

Alcohol 

Light  carburetted  hydrogen... 

Sulphur 

Turpentine 

Coal,  with  double  supply  of  air 


Gaseous  Products  for  one  pound  of  Combustible. 


Weight. 

pounds. 

35.8 
11.97 

14.21 

13-84 
11.94 

12.6 

15.21 

10.09 

18.4 

5-35 
12.18 

22.64 


Mean 

specific 

neat. 


water=i. 
.302 
.256 

.257 
.258 

.256 

.246 

.236 

.257 
.270 

.268 

.211 

•257 
.242 


Heat  to  raise 
the  teim>er- 
ature  i   F. 


units. 
10.814 
3063 
4.089 
3.666 
3-540 
2.935 
2.973 

3-9M 
2.680 

4.933  i 
1. 128 

3.127 
5.478 


1  enpentme  of 


initial 


Fahr. 

5744" 

5305 

5219 
512S 

5093 
4879 

4877 
4826 

4825 

4766 

3575 
3470 
2614 


100 

9* 

9« 

89.3 
88.7 

85 

85 

84 

84 

83 
62 

60 
45 


FUELS-COAL. 


The  fuels,  or  combustibles,  generally  used  are  coal,  coke,  wood,  wood- 
hvcoal,  peat,  peat-charcoal,   and  refuse  tan-bark.     To  these  may  be 
dded  petroleum  and  other  oils ;  recently,  straw  has  been  used. 
Coal  may  be  arranged  in  tive  classes: — 

ijt  Anthracite,  or  blind  coal,  consisting  almost  entirely  of  free  carbon, 
id  Dry  bituminous  coal,  having  from  70  to  So  per  cent,  of  carbon, 
jd.  Bituminous  caking  coal,  having  from  50  to  60  per  cent  of  carbon, 
fdi-  Long  flaming  or  cannel  coal. 

^  Lignite,  or  brown  coal,  containing  from  56  to  76  per  cent  of  carbon. 
Tie  anthracites  have  specific  gravities  varying  from  1.35  to  1.92.  They 
tain  their  form  when  exposed  to  a  temperature  of  ignition;  though,  if  too 
pidly  heated,  they  fait  to  pieces.  The  flame  is  generally  short,  of  a  blue 
loar.  The  coal  is  ignited  with  difficulty;  it  yields  an  intense  local  or 
itcentrated  heat;  and  combustion  generally  becomes  extinct  while  yet  a 
osiderable  quantity  of  the  fuel  remains  on  the  grate. 
The  dr;-,  or  free-burning,  bituminous  coals,  are  rather  lighter  than  the 
thiacites;  varying  in  specific  gravity  from  1.38  to  1.44.  They  contain  a 
atively  small  proportion  of  volatilizable  matter,— about  15  per  cent; — and 
.■y  soon  arrive  at  the  temperature  of  full  ignition.  They  swell  consider- 
^  in  coting,  and  thus  is  facilitated  the  access  of  air,  and  the  rapid  and 
Dl^te  combustion  of  their  fixed  carbon.  In  some  cases,  where  the 
i^xKtion  is  slow,  the  masses  of  coke  scarcely  cohere,  and  the  original 
ms  of  the  pieces  of  the  coal  are  in  some  measure  presCTvcd. 
Ilie  bituminous  caking  coals  have  the  same  rai^  of  specific  gravity  as 
J  dry  bituminous  coals.  They  contain  the  maximum  proportion  of 
litilisable  matter,  averaging  about  30  per  cent  of  their  whole  weight. 
Kj  develop  much  of  the  hydrocarbon  gases,  and  bum  with  a  long  fburne. 
ley  swell  considerably,  and  give  a  coherent  coke,  which  preserves  nothing 
the  wigmal  form  of  the  coal. 

Shall  Coai. 

In  South  Wales,  where  the  rea)gnized  system  of  working  is  by  "  pillar  and 
U,'  upwards  of  40  per  cent  of  the  actual  contetits  of  the  vein  of  steam- 
lib  lost 

According  as  the  stoall  coal  is  raised  to  the  surface  or  not,  the  pit  is  said 
be  worked  on  the  "  altogether  coal,"  or  on  the  "  separation  "  principle, 
the  former  case,  from  45  to  50  per  cent  of  small  coal  passes  through  the 
een;  in  the  latter  case,  where  only  hand-picked  coal  is  sent  to  the 
fux,  the  small  amounts  to  from  5  to  to  per  cent  llie  small  coal  is 
eened  into  three  sizes,  known  as  "  nuts,"  "  peas  "  or  "  beans,"  and  "  duff" 
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or  "  vi-aste."     Small  coal  generally  consists  of  what  passes  through  so 
with  spaces  between  the  bars  from  i^  inches,  as  m  South  Wal«,[j 
inch,  as    in    the   Newcastle  districL      The  duff  consists  of  irhal  p 
through  meshes  ^  Inch  square;  the  peas  or  beans  consist  of  wlat  dots  J 
ixiss  through  these  meshes,  but  falls  between  bars  '/,(  inch  apait 
remainder  of  the  small  is  nuts. 

The  relative  proportions  of  large  and  small  coal,  on  the  "altogetli 
system,   and    the    "separation"   system,   brought  to   the   surfkce,  i 
Newcastle  district,  may  be  taken  as  follows: — 

ALTOGETHER.  SEPARATION 

Round  coal 46.1  per  cent  80.29  per  cen 

Small  coal: — 

Nuts 20.9      „  12.50      „ 

Beans 17.6      „  3.85      „ 

Duff. 15.4      „  3.36      „ 


The  relative  market  values  of  the  different  sizes  of  coal  as  raised,  at 
illustrated  by  the  following  list  of  quotations  from  a  certain  coUia; 
delivered  free  on  board  at  Sunderland. 

Round  coals,  tos.  to  iis.,  average  los.  6d.  per  ton,  say  too 

Treble-screened  nuts 8s.  „  or  76 

Uouble-screened  nuts 7a.  „  or  67 

Peanuts 6s.  „  or  57 

Single-screened  small 6s.  „  or  57 

Pea  nuts  and  duff  mixed 4s.  6d.  „  or  43 

Duff 3s.  6d.  „  or  33 

The  quantity  of  small  coal  separated  from  the  coal  brought  by  raiiwif  I 
to  London  is  found,  at  the  end  of  the  journeys,  in  passing  through  screens  | 
at  the  staichs,  to  amount  to  from  5  to  1 1  per  cent.,  averaging,  probably, 
Tj4  per  cent.     This  represents  the  breakage  of  coal  between  the  loading 
.It  the  pit's  mouth  and  the  discharging  in  London. 

The  breakage  of  coal  conveyed  by  sea  is  also  considerable.  Between 
the  colliery  and  the  ship,  it  has  been  estimated,  in  one  case,  at  5  per  cent.; 
and  when  double-screened  at  Cardiff,  at  from  8  to  B)4  per  cent  Again, 
the  quantity  of  small  coal  made  by  loading  into  and  unloading  from  the 
ship  is  stated  to  be  from  15  to  20  per  cent.' 

In  France,  at  St.  Etienne,  the  quotations  were  respectively  as  follows, 
for  round  coal,  medium  coal,  and  slack: — 

Round  coal,     2  francs  per  100  kilogrammes.  Or  i6s.  per  ton,  say  100 
.Medium  coal,  1.25  „  „  „  or  los.        „        or      63 

Slack,  0,25  to  0.50  „  „  „  or  2S.  to  4s.  „    la  to  24 

Vtiliiotion  of  Small  Coal. — It  is  a  matter  of  national  importance  to  utilize 
the  immense  accumulations  of  small  coal,  both  above  and  below  ground. 

'  See  Coal  Eronomy,  by  Mr.  F.  C.  Danvers,  1872  ;  froiD  wbich  the  above  particulars 
of  small  coal  are  derived, 
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best  known  system  is  that  of  Warlich's  patent  fuel, — a  mixture  of 

coal  and  tar  or  pitch  moulded  into  blocks.     Each  ton  of  small  coal 

mixed  with  22  gallons,  or  242  lbs.  of  tar,  which  is  over  10  per  cent,  ol 

weight  of  the  coal.     It  is  then  formed  into  blocks,  and  baked  at  a 

iture  of  800**  F.  for  nine  or  ten  hours.     The  volatile  matter  of  the 

B  driveD  off,  leaving  the  pitch  as  a  cement  for  the  coal.     In  the  process 

biking,  the  blocks  lose  5  per  cent,  of  their  weight. 

Wylam*s  fuel  is  prepared  by  mixing  with  slack  about  7  or  8  per  cent,  of 
>k^  weight  of  pitch,  in  a  dry  state,  ground  fine.  The  mixture  is  passed  by 
Beans  of  an  Archimedian  screw  through  a  retort  maintained  at  a  dull  red 
beat,  by  which  it  is  softened,  when  it  is  moulded  under  great  pressure  by 
a  sp&dcs  of  brickmaking  machine. 

Mczaline's  fuel,  like  Wylam*s,  is  a  mixture  of  slack  and  pitch  ground  fine, 
m  a  pug-mill,  where  it  is  at  the  same  time  softened  by  superheated  steam 
niDoduced  into  the  mass  at  different  points,  thus  to  increase  the  cohesion 
of  the  particles.  Fuel  thus  prepared,  when  exposed  to  a  high  temperature, 
loses  four  per  cent,  of  its  weight,  representing,  no  doubt,  the  moisture 
acquired  from  the  steam. 

In  Barker's  fuel,  the  binding  medium  consists  of  a  mucilage  formed  by 
the  mixture  of  potato-farina  with  water,  in  the  proportion  of  about  i  to  4. 
with  a  small  quantity  of  carbolic  acid.  Thirty  gallons  of  the  mucilage  was 
mixed  with  one  ton  of  coal,  and  the  mixture  baked  for  nine  hours  at  a 
temperature  of  300®  F.  This  mixture  was  not  hard  enough  to  stand  rough 
osage  or  exposure;  and  more  recently  a  certain  proportion  of  powdered 
pitch  has  been  added  with  good  results.    The  bulk  of  i  ton  is  33  cubic  feet. 

In  Holland's  fuel,  lime  and  cement  are  mixed  ^ith  small  coal ; — making, 
of  course,  a  large  quantity  of  ash  when  burned. 

IVashir^  of  Small  Coal, — Coal-washing  has  long  been  practised  on  the 
Continent  for  the  purpose  of  separating  from  the  small  coal  the  greater  part 
of  the  schists,  pyrites,  and  other  matters  mixed  with  it  when  it  is  extracted 
from  the  mine.  The  clean  coal  thus  obtained  is  useful  principally  for 
the  manufacture  of  coke  for  metallurgical  purposes  and  for  locomotives. 
The  advantages  derivable  from  the  washing  of  coal  are  beginning  to  be 
^preciated  in  England. 

Coal  is  washed  by  two  different  methods.  By  one  system,  a  wooden 
box  is  divided  into  two  compartments,  by  a  partition  which  descends  nearly 
to  the  bottom,  leaving  a  communication  between  the  two,  of  which  one  is 
smaller  than  the  other.  The  larger  of  the  two  is  fitted  with  two  grates,  one 
above  the  other,  of  which  the  upper  one  is  formed  of  bars  with  interspaces 
of  0.4  inch  in  width,  and  the  lower  is  a  plate,  usually  of  copper,  pierced 
with  numerous  small  holes.  The  smaller  compartment  contains  a  piston. 
Coal  being  filled  mto  the  larger  compartment  upon  the  grate,  the  whole 
box  is  filled  with  water,  and  the  piston  set  in  motion.  By  the  action  of  the 
piston  the  water  is  caused  to  traverse  the  coal  upwards  and  downwards, 
when  the  heavier  particles  of  schist,  &c.,  fall,  and  are  collected  upon  the 
bwer  grate.  When  the  space  is  filled  up  to  the  level  of  the  upper  grate 
with  deposit,  the  coal  is  removed. 

On  the  second  system,  the  operation  is  continuous.  Water  flows  in  a 
long  shallow  trough,  slightly  inclined,  with  cross  partitions  at  intervals  from 
top  to  bottom,  carrying  with  it  the  small  coal,  which  is  delivered  into  it  at 
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the  upper  end.     The  denser  particles  are  deposited  in  the  first  compait-  '- 
ments,  and  the  lighter  particles  in  the  last  ones. 

Deterioration  of  Coal  by  ExPosmiE. 

Coal  deteriorates  or  decays  to  a  greater  or  less  degree  by  exposure 
the  atmosphere,  by  disintegration  or  crumbling,  and  also  by  the 
combustion  of  the  volatilizable  elements.     Atmospheric  oxygen  is  absoi 
and  converts  the  hydrocarbons  into  water  and  carbonic  acid.     It  has 
proved  in  one  case,  in  Germany,  that  bituminous  coal,  after  having 
exposed  for  nine  months,  lost  half  its  value  as  fuel;  coal  exposed  for 
months  to  a  temperature  of  284®  F.,  lost  all  its  hydrocarbons.    The 
manufactured  from  coal  thus  deteriorated  is  inferior  to  what  is  made 
coal  freshly  mined. 

The  above  experimental  evidence  corroborates  the  fact  that  the  decay  dt\ 
coal  proceeds  more  rapidly  in  the  hotter  climates.  Dryness  is  unfavouniHfi 
to  the  change,  while  moisture  accelerates  it.  When  sulphur,  or  sulphmttj 
of  iron  (iron-pyrites),  is  present  in  considerable  quantity  in  a  coal  sdL 
changing  under  the  action  of  the  air,  a  second  powerful  heating  cause  ■ 
introduced,  and  both  acting  together  may  produce  "  spontaneous  combm- 
tion."  The  presence  of  sulphur,  or  iron-pyrites  alone,  if  in  considerable 
quantity,  is  sufficient  to  excite  combustion. 

BRITISH   COALS. 
Composition  of  Bituminous  Coals.— Dr.  Richardson's  Analyses,  iSjt 

The  first  accurate  analyses  of  bituminous  coals  were  made  by  the  late 
Dr.  Richardson,  of  Newcastle-on-Tyne.  The  coals  submitted  to  analjsii 
were — ist.  Splint  coal;  2d,  cannel  coal;  3d,  cherry  coal;  4th,  caking  coal 
The  follov^-ing  table,  No.  135,  contains  the  results  of  his  analyses.  The 
total  average  composition  of  the  samples  analyzed  was  about  81  per  cent 
of  carbon,  5  J^  per  cent,  of  hydrogen,  9  per  cent,  of  oxygen  and  nitrogen, 
and  5  per  cent,  of  ash. 

Table  No.  135. — Composition  of  Bituminous  Coals. 

By  Dr.  Richardson,  1838. 


Coal,  and  Locality  of  Beds. 

Carbon. 

Hydrogen. 

Oxjmx 

ana 
Nitrogen. 

*- 

Splint,  from  Wylam 

Do.,    from  Glasgow 

Average 

per  cent. 

74.82 
82.92 

percent. 
6.18 

5-49 

percent. 
10.46 

perocaL 

13-91 
113 

78.87 

5.83 

7.78 

7-5« 

Cannel,  from  Wigan,  I^ncashire  .... 
Do.,     from  Edinburgh 

Average 

8375 
67.60 

5.66 
540 

8.04 
12.43 

2-55 
14-57 

75.68 

5-53 

10.23 

8.56 

BRITISH  COALS. 
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Table  No.  135 

{continued). 

Cod,  and  Locality  of  Bed:^ 

Carbon. 

Hydrogen. 

Oxygen 

and 
Nitrogen. 

• 

Ashes. 

ny,  from  J  arrow,  Newcastle 

).,    from  Glasgow 

percent. 

84.85 
81.21 

per  cent 

505 

5-45 

per  cent. 

8.43 
11.92 

per  cent. 
1.67 
1.42 

Average 

8303 

5-25 

10.17 

1-55 

ing,  from  Garesficld,  Newcastle.. 
>.,     from  South  Hetton,  Durham 

87-95 
8327 

5-24 
5-17 

5-42 
9.04 

1-39 
2.52 

Average 

85.61 

5.20 

7.23 

1.96 

Total  average 

80.80 

5-45 

8.85 

4.90 

Weight  and  Composition  of  British  and  Foreign  Coals. 
By  Messrs.  Delab^che  and  Plavfair,  1847-50. 

extensive  series  of  analyses  and  of  trials  of  British  coals  were  con- 
d  by  Sir  Henry  Delab^che  and  Dr.  Lyon  Playfair,  at  the  College  for 
Engineers,  Putney,  in  the  years  1847-50,  to  the  order  of  the  govem- 
The  results  of  their  investigations  were  published  in  three  Reports 
)als  suited  to  the  Royal  Navy,  in  the  years  1849,  1850,  1851. 
nples  of  98  British  coals  were  analyzed  and  tried  for  their  evaporative 
inance,  namely: — 37  Welsh  coals,  18  Newcastle  coals  (Hartley  dis- 

7  Derbyshire  and  York.shire  coals,  28  I^ncashire  coals,  8  Scotch 
—Total,  98  coals. 

addition  to  these  there  were  analyzed  and  tried,  one  sample  of 
adte  from  Ireland,  six  patent  fuels,  and  24  foreign  coals, 
e  chief  results  of  these  analyses  and  trials,  compiled  from  the  reports, 
ireraged  and  embodied  in  table  No.  136,  together  with  deductions  as 
I  total  heat  of  combustion  of  the  fuels.  The  specific  gravity,  and  the 
it  and  bulk,  of  the  coals,  are  given  in  columns  2,  3,  4,  5;  and  the 
ical  composition  in  columns  6,  7,  8,  9,  10,  11.  The  quantity  of  coke 
iced  from  each  coal  is  given  in  column  12.  The  total  heat  of  com- 
on  is  given  in  units  of  heat  in  column  13,  and  also  in  equivalent 
)Tative  efficiency  in  columns  14,  15,  when  the  water  is  supplied  at 
and  at  212**  F.,  and  evaporated  at  atmospheric  pressure.  These 
nns,  13,  14,  15,  have  been  calculated  by  means  of  formulas  (  6  ),  (  7  ), 

page  406.     The  evaporative  efficiency  found  by  the  trials  is  given  in 
nn  16. 
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That  are  very  great  variations  in  the  chemical  composition  and  properties 
fcoah.   Id  British  coals,  the  constituents  vary  in  quantity  as  follo^vs: — 

Carbon,  from  about  70  to  91  per  cent,  of  the  gross  weight. 

Hydrc^en,  from  3^  to  nearly  7  per  cent. 

Oxygen,  from  about  ^  to  20  per  cent 

Nitrogen,  from  a  mere  trace  to  2  "/j  per  cent. 

Sulphur,  from  nothing  to  5  per  cent. 

Ash,  from  Vs  to  15  j)er  cent. 

Coke,  from  49  to  93  per  cent 

TTie  average  composition  of  British  coals  deduced  from  the  table,  is 
Dots:— 

Carbon about  80  per  cent 

Hydrogen „       5 

Nitrogen „       i  'A  „ 

Sulphur „       I  ^  „ 

Oxygen „       8       „ 

Ash „       4 

„   100       „ 

Fixed  carbon,  or  coke „     61        „ 

lie  foreign  coals,  from  Van  Diemen's  Land,  and  from  Chili,  had  only 
1 63  to  66  per  cent,  of  constituent  carbon,  with  28  per  cent  of  oxygen 
ash. 

^sh  Coals. — It  may  be  noted  here  that  Mr.  G.  J.  Snelus,  in  1871, 
e  an  analysis  of  Llangennech  coaV  of  which  the  particulars  are  sub- 
id,  with  those  of  a  few  other  coals,  extracted  from  the  Reports  of  Dela- 
c  and  Playfair,  for  comparison.  "  The  Ebbw  Vale  cosd,"  it  is  said, 
ybe  taken  to  represent  the  Monmouthshire  steam  coals;  and  Powell's 
ryn  represents  the  Merthyr  and  Aberdare  coals,  highly  esteemed  for 
notives  and  ocean  steamers."  There  is  a  close  correspondence  bet>veen 
nalyses  of  Llangennech  coal  made  in  1848  and  in  1871. 


Class  of  Coal, 
ad  Date  of  Analysis. 


'•Vale,  1848 

fdl*$  Duflfryn,  1848.. 

agennech,  1848. 

igenoech,  1871 

«g  41,1848 


Carbon. 

Hydrogen. 

;  Nitrogen. 

1 

1 

Sulphur. 

percent 

percent. 

percent. 

per  cent. ' 

89.78 

515 

2.16 

1.02 

88.26 

4.66 

1.45 

1.77 

85.46 

4.20 

1.07 

.29 

84.97 

4.26 

«.45 

.42 

84.87 

3-84 

.4. 

45 

Oxygen. 

1 

Ash, 

Coke. 

per  cent. 

p.  cent. 

p.  cent. 

•39 

1.50 

775 

.60 

326 

84.3 

2.44 

6.54 

83.7 

3-50 

5.40 

86.7 

719 

1.50 

85  s 

»ee  Appendix  to  the  Report  of  the  Judges,  Mr.  F.  J.  Bramwell  and  Mr.  W. 
itns,  on  the  Trials  of  Portable  Steam  Engines  at  Cardiff  in  1872  ;  for  a  full 
It  on  the  Coal  used  in  the  Trials  of  Steam  Machinery  by  the  Roval  Agricultural 
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Patent  Fuels. 

The  patent  fuels  tried  by  Delabeche  and  Playfair  consisted  of  mixto 
of  bituminous  or  tarry  matter  with  small  bituminous  coal.  They  had 
average  of  83.4  per  cent,  of  constituent  carbon,  and  5  per  cent,  of  hydroi 
with  less  than  3  per  cent,  of  oxygen,  and  6  per  cent  of  ash.  Three  pD 
fuels  produced  an  average  of  74  per  cent  of  coke.  Warlich's  patent 
was  the  richest  in  carbon,  of  which  it  contained  90  per  cent;  of  hydipj 
5.56  per  cent;  of  ash,  2.91  per  cent  It  yielded  85  per  cent  of  coke; 
it  evaporated,  by  trial,  10.36  lbs.  of  coal,  per  pound  of  fuel,  reckoned  I 
water  supplied  at  212°. 

Weight  and  Bulk  of  British  Coals. 

The  average  specific  gravity  of  coal,  as  by  the  table  No.  136,  is  i. 
it  varies  from  1.20  to  1.39. 

The  average  weight  of  coal  is  80  lbs.  per  cubic  foot,  solid ;  the  w 
varies  from  78  to  86  lbs. 

The  average  weight  is  50  lbs.  per  cubic  loot,  heaped;  the  weight  va 
from  45  to  58  lbs. 

The  average  bulk  of  one  ton,  heaped,  of  coal,  is  44 J^  cubic  feet 
bulk  varying  from  38  to  49  cubic  feet. 

The  average  specific  gravity  of  patent  fuels  is  1.167;  the  average  w 
is  73^  lbs.  per  cubic  foot,  solid,  and  65  lbs.  per  cubic  foot,  heaped, 
bulk  of  one  ton,  heaped,  is  34^^  cubic  feet. 

These  averages  show  the  advantage  of  the  patent  fuels  in  point  of 
pactness,  over  coals;  for  though  they  are  the  lighter  fuel,  they  occupj 
s|3ace  per  ton  than  coals,  on  account  of  the  regular  forms  in  whicl 
blocks  are  manufactured,  and  the  facility  for  stowing  them  \nthout  1 
interspace. 

Hygroscopic  Water  in  British  Coals. 

The  hygroscopic  water  in  coal, — apart  from  what  is  chemically  coml 
with  it, — varies  considerably.  In  the  analyses  of  Delabeche  and  Pla 
in  which  the  specimens  were  dried  at  212°  F.,  it  varied  from  0.61  to 
per  cent,  of  the  weight  of  the  coal.     The  following  are  examples: — 

HYGROSCOPIC  WATn 

Powell's  Duffryn  coal 1.13  per  cent 

Mynydd  Newydd  0.61  „ 

Pentrefelin  0.70  „ 

Park  End  coals,  Sydney 2.78 

Ebbw  Vale 1.34 

Resolven 1.55  „ 

Pontypool 1.60  „ 

Grangemouth  coal 6.42  „ 

Broomhill  coal 9.3 1  „ 

Wallsend  Elgin 2.49  „ 

Fordel  splint 8.40  „ 

Warlich's  patent  fuel  0.92  „ 

Bell's  patent  fuel 0.90  „ 

Wylam's  patent  fuel 1.3S  „ 

Hartley  coals  6.19  to  10.17 

Steamboat  Wallsend 1.14 

Andrew's  House,  Tanfield 6.58  „ 
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HYGROSCnriC    WATKR 

Cannel  coal,  Wigan i.oi  per  cent. 

Stavelx 8.54       „ 

Vancouver's  Island 7.21        „ 

Chirique 9.1 1        „ 

^rdney,  New  South  Wales 3.25       „ 

Juan  Fernandez 6.00       „ 

It  appears  fiK>m  this  that  the  Welsh  coals  and  the  patent  fuels  contained 
the  Itast  proportion  of  hygroscopic  water. 

TORBANEHILL   OR    BoGHEAD    COAL. 

The  Boghead  coal  is  a  special  mineral  found  on  the  estate  of  Torbane- 
UI,  LinIit%owshire.  Its  colour  varies  from  dark  snuff-brown  to  brownish- 
UacL  It  is  exceedingly  hard ;  the  fracture  is  slaty  and  conchoidal.  When 
tfnick  with  a  hammer,  it  gives  a  woody  sound.  Its  specific  gravity  varies 
fam  1. 155  to  1.260,  the  average  being  1.189. 

In  composition.  Boghead  coal  occupies  the  opposite  end  of  the  scale  to 
mthiacite, — having  a  comparatively  small  percentage  of  carbon,  and  a  large 
eicess  of  hydrogen.  According  to  Dr.  Penny's  analysis  of  the  coal,  dried 
It  212^,  the  composition  is  as  follows: — 

percent. 

Carbon 63.94 

Hydrogen 8.86 

Nitrogen 0.96 

Sulphur 0.32 

Oxygen 4.70 

Ash 21.22 


100.00 


As  the  oxygen  amounts  to  only  4.7  per  cent.,  it  leaves  free  a  surplus 
if  SJj(  per  cent,  of  hydrogen,  to  form  hydrocarbons  with  the  constituent 
carbon,  when  the  coal  is  distilled ;  and  it  is  found  that  coal  of  the  above 
composition  yields  67  per  cent,  of  volatile  matter,  and  31  per  cent,  of  ash. 
The  composition  varies  in  different  specimens,  as  may  be  observed  in  the 
folkiwing  analyses  of  four  specimens  taken  from  the  pit  at  different  dates, 
tabl^  No.  137: — 


Table  No.  137.- 

—Composition 

OF  Boghead  Coal. 

COAL. 

SpedSc 
grarity. 

Composition*. 

Coke. 

Tuced 
carbon. 

VoUtile 
matter. 

Sulphur. 

Ash. 

Water. 

BrowD,  1849  ••-• 
Do.,    185 1.... 

Black,  1851.... 
Do.,     1853.... 

I-I55 
1. 160 

1.218 

1. 188  j 

per  cent. 

"3 

7.1 

9.25 
10.52 

per  cent. 
71.0 
71.00 
62.70 
67.11 

per  cent 

03 
0.2 

0-35 
0.32 

per  cent. 
16.8 
21.2 
26.5 
21.0 

per  cent. 
0.6 

0.5 
1.20 

1-05 

percent. 
28.1 
28.3 

35-75 
3152 

1.180  ' 

9.54 

6795 

0.29 

21.4 

0.84 

i 

3094 

27 
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From  the  table  it  appears  that  the  fixed  carbon  averages  only  gji 
cent.;  and  that,  including  ash,  the  coke  averages  only  31  per  cent,  the' 
tile  matter  exceeding  two-thirds  of  the  whole  weight  of  the  coaL 
distilled  at  comparatively  low  temperatures,  Boghead  coal  affords 
quantities  of  paraffin,  paraffin  oil,  &c. : — a  discovery  made  by  Mr.  Yoon^^ 


AMERICAN    AND    FOREIGN    COALS. 

By  Professor  W.  R.  Johnson,  1843-44. 

The  results  of  an  investigation  of  the  qualities  of  American  coals,  at 
Navy  Yard,  Washington,  for  the  Navy  Department  of  the  United  St 
conducted  by  Professor  W.  R.  Johnson,  were  published  in  "  A  Report 
the  Navy  Department  of  the  United  States,  on  American  Coals,"  in  18^ 

Thirty-nine  samples  of  coal,  and  three  samples  of  coke,  were 
and  the  general  results  are  given  in  table  No.  138. 

The  constituents,  so  far  as  the  analyses  extended,  were  in  the  foll< 
proportions : — 

Volatile  matter,  other )       t/  ^        t/  *.  ^  ^    1 

than  moisture, /    ^^  ^^  34>^  per  cent,  average  16.17  per  cent 

Hygrometric  moisture,.,  o     to    3^  „  „  1.37  „ 

Sulphur, o     to    2yi  „  „  0.49  „ 

Fixed  carbon, 53      to  91  „  „  73.35  „ 

Earthy  matter, 4^  to  15  ,,  „  9.15  „ 

About 100.00 

Coke  (fixed  carbon  and  earthy  matter), 82.50  per  cent 

The  proportions  of  volatile  matter,  fixed  carbon,  ash,  and  coke,  were  foi 
the  three  classes  of  American  coal  as  follows : — 


Volatile  Fixed 

matter.  carbon. 


Ash.  Coke. 


Anthracites, 3.97  ...  88.54  ...     6.28  ...  94,82 

Free  burning  bituminous  coals,.... 1 5. 1 1   ...  73.21  ...   10.27  •••  S3.48 
Bituminous  caking  coals, 29.43  ...  58.29  ...   10.90  ...  69.19 


Averages, 16.17  ...  73.35  ...     9.15   ...  82.50 

Weight  and  Bulk  of  American  Coals. 

The  specific  gravity  of  American  coal  varies  from  1.283  to  1.610,  and  ft 
averages  1.400. 

The  weight  of  solid  coal  varies  from  80  to  100  pounds  per  cubic  foot, 
and  it  averages  Syyi  pounds. 

The  weight  of  heaped  coal  varies  from  45  to  56  pounds  per  cubic  foot 
and  it  averages  51)^  pounds. 

The  bulk  of  one  ton  of  heaped  coal  varies  from  49^  to  40  cubic  feetj 
and  it  averages  43  yi  cubic  feet. 
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e  No.  138. — American  Coals: — Average  Weight,  Bulk,  and 

Composition,  1843. 

(Compfled  from  the  Report  of  Professor  W.  R.  Johnson.) 
Weight,  Bulk,  Coke,  and  Ash. 


Coal. 


icites 

uming  bituminous 

inous  caking 

n  and  Western..... 

rage  of  the  three 
sses  of  American 
Js 


Specific 
gravity. 

t 

WsiGHT  AND  Bulk. 

Coke 
produced 
from  coaL 

Ash  and 
clinkers 
left  by 
combus- 
tion. 

One 

cubic  foot, 

solid. 

One 

cubic  foot, 

heaped. 

Bulk  of 
one  ton, 
heaped. 

1.500 

1.358 
1.342 

I.318 

pounds. 
93.78 

84.93 
83.90 

82.39 

pounds. 

53.05 

32.13 
52.84 

49.28 
49.31 

cubic  feet 

42.35 
69.76 

42.42 

45.71 

45.51 

percent. 
94.82 

83.68 
69.01 
65.27 

percent. 

8.60 

14.94 

11.27 

8.48 

7.98 

1.400 

87.54 

51.72 

43-49 

82.50 

9.42 

Composition. 


Composition,  in  Percentagrs  of  the 
Total  Weight. 

Coal. 

Moisture. 

Volatile 

matter, 

other  than 

moisture. 

Sulphur. 

Fixed 
carbon. 

Earthy 
matter. 

cites,  Pennsylvania 

per  cent. 
1. 19 

1.37 

1.56 

2.50 

percent. 

3-97 

15.11 

29.43 
32.68 

percent 
0.04 

0.42 

I.OI 
0.24 

percent 
88.54 

73.21 

58.29 
57.42 

per  cent 
6.28 

14.94 

10.27 

10.90 
7.85 

two  samples  from   Mid-  ] 
an    and   NefTs  Cumber-  > 

coal,  Virginia j 

jming  bituminous,  Mary- ) 

ind  Pennsylvania j 

nous  caking,  Virginia 

1  and  Western  bituminous. 

^erage  of  the  three  classes  ) 
of  American  Coals j 

1.37 

16.17 

0.49 

73.35 

9.15 

1 

j 
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FRENCH   COALS. 

French  coals  are  divided  into  five  classes,  according  to  their  behavioi 
the  furnace : — 

I  St.  Bituminous  caking  coals  (/wuiiies  grasses  markhalesY 

2d.  Bituminous  hard  coals  {houiiies  grasses  et  dures)^  difiering  from 
first  by  having  less  fusibility;  the  coke  is  more  dense  than  that  of 
first,  and  is  best  for  blast  furnaces. 

3d.  Bituminous  coals,  burning  with  a  long  flame  {houiiies  grasses  i  ki^ 
flammes) ;  they  are  still  less  fusible  or  caking  than  the  preceding,  and 
best  for  boiler  and  other  furnaces.     They  are  known  by  the  desigiu 
flhiu,  and  are  similar  to  Lancashire  cannel  coal. 

4th.  Dry  coals,  with  a  long  flame  {Jwuilles  sechcs  d  longucs  flammes), 
coke  has  not  much  coherence.     These  coals  are  burned  on  grates; 
are  less  durable  than  the  foregoing. 

5th.  Dry  coals,  with  a  short  flame  {houiiies  skches  d  courtes  flam 
These  coals  bum  with  some  difficulty,  and  are  used  chiefly  for  hfor 
bricks,  and  in  lime-kilns,  in  breweries  for  drying  malt,  and  for  dom 
fires. 

Anthracites  are  classed  by  themselves. 

The  coal,  as  it  comes  from  the  mine,  large  and  small  together,  is  kn 
as  toiit-venant — "as  it  comes."  In  the  market,  the  coal  from  a  mine  is 
tinguished,  according  to  the  size  of  the  pieces,  into,  ist,  iegros^  round  c 
2d,  ia  gaiiiette^  coal  of  medium  size,  in  pieces  5  or  6  indhes  in  diam 
which  is  separated  by  screening  from  the  third  sort;  3d,  ie  menu^  si 
which  is  subdivided  into  three  kinds: — gaiiictin^  the  size  of  nuts;  th 
moineaUj  smaller  than  gailletin — literally  the  size  of  a  sparrow's  head; 
fine^  which  is  again  distinguished  miojinc  menuc  ^xii\  Jhic poussier,  coal  ( 

Utilization  of  the  Small  Coau 

The  mcNu,  or  small  coal,  is  made  into  briquettes,  or  rectangular  bio 
being  agglomerated  by  means  of  tar,  and  compressed  into  moulds,  as 
already  been  pointed  out  in  describing  English  patent  fuels,  wiA  9 
slight  differences  of  treatment,     ist.  The  small  coal  is  mixed  with  pi 
and   compressed  in   moulds   to   form   blocks.     These  blocks  have  % 
durability,  and  do  not  deteriorate  by  exposure  to  air.      2d,  When 
slack  is  derived  from  rich  bituminous  coals  it  is  filled  into  cast-iron  moi 
which  are  so  closed  that  nothing  but  gas  can  escape  from  them, 
moulds  are  heated  in  a  furnace  to  upwards  of  900°  R,  where  they  rei 
from  half  an  hour  to  three  hours,  according  to  the  quality  of  the  coal, 
the  action  of  the  heat  the  coal  becomes  a  kind  of  paste,  and  tend 
swell ;  but  it  is  on  the  contrary'  powerfully  compressed  by  the  moulds. 
For  the  slack  of  dry  coals  a  certain  proportion  of  the  slack  of  bitumii 
coal  is  mixed  with  it,  to  give  cohesive  power. 

Composition  of  French  Coals. 

The  table  No.   139  contains  the  specific  gravity  and  composition 
number  of  French  coals.     For  the  first   section,  comprising   Regns 
analyses,  compiled  from  a  table  by  M.  Peclet,  the  samples  were  dried 
temperature  of  120°  C,  or  about  250®  F.;  and  the  loss  of  weight,  r 
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senting  moisture,  varied  from  1.36  to  1.60  per  cent.  The  quantity  of 
nimjgcn  was  in  general  very  small  in  the  anthracites;  and  in  the  other 
coals  it  was  from  1.50  to  2.0  per  cent  The  united  weights  of  oxygen  and 
nitrogen  have  therefore  been  taken  by  M.  Peclet  to  represent  the  quantity 
cf  oxygen,  in  calculating  the  heating  power,  according  to  the  principle 
already  explained,  page  403. 

Table  No.  139. — Mean  Density,  Composition,  and  Heating  Power 

OF  French  Coals. 


Coals. 
Kcfwult,  xa  tamplCT. 


Anthracites. 

BifiUBiiiotis  hard  coals.. 
I  Bttnminoiis  caking  coals 

Rtnm.  coals,  loi^  flame 
i  Diy  coals,  loi^  name... 


Spedfic 
gravity. 


Quan- 
tity of 
>Ke. 


coi 


{Marsiiiy,) 

MonsBasin.  

lions  Centre  Basin. 

Charleroi  Basin 

Vilendennes  l^in. 
Calais  Basin.... 


li 


Average. 


1.498 
1.319 

1.303 
1.362 


1.265 
1.293 
1. 197 
1.289 
1.280 


i.3»o 


percent. 

88.83 
74.81 

67.54 
60.86 

S4-72 


71.50 

81.79 
86.58 

80.75 
74.66 


74.20 


Composition. 


Carbon. 


per  cent. 

86.17 
88.56 

87.73 
82.94 

76.48 


83.85 
86.38 
86.65 
86.50 
84-94 


Hydro- 
gen. 


percent. 

2.67 
4.88 
5.08 

5-35 
523 


5.19 
4.51 

4.18 

4.52 


Oxygen 
and  ni- 
trogen. 


percent. 

2.85 

4.38 
5.65 

8.63 

16.01 


8.09 
5.46 

5-23 

5-39 
7.02 


Ash. 


85.02 


4.48  !  6.87 


percent. 

8.56 
2.19 

3.08 
2.28 


2.85 
3.66 

3-95 
352 

2.93 
346 


J 


Hydro- 
gen in 

Heating 
Power. 

excess. 

percent. 

nnitaofheat 

2.43 

14^038 

4.27 

15,525 

4.30 

15,422 

4.IS 

14,622 

3.09 

13,041 

4.24 

14.884 

3.82 

14.931 
14.787 

H^ 

zh 

14.976 

4.22 

^S^ooz 

3-79 

14,723 

SaU, — The  arerages  are  here  deduced  from  averages ;  being  averages  of  averages,  and 
are  to  be  accepted  as  approximate,  not  necessarily  exact  results. 

For  die  second  section,  the  samples  were  dried  by  exhaustion  in  the 
[    leceiver  of  an  air-pump  during  from  twelve  to  twenty-four  hours. 

It  appears  from  the  table  that  the  average  composition  of  French  coals 
B as  follows: — 

Carbon, 85      percent 

Hydrogen, 4>^       „ 

Oxygen  and  nitrogen, 7  „ 

Ash, 3>4 

Sulphur^ ?         „ 


100 


Tbe  average  specific  gravity  is  1.310,  giving  a  weight  of  S1.68  tbf.  per 
cubic  foot  solid. 

According  to  Pedet  the  wd^  of  heaped  coal  from  different  mines  is  as 
UowSy  in  table  Na  140;  to  which  are  added  the  weight  of  one  cubic 
fcot  hcapedy  and  the  vcdume  of  one  ton  heaped 
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Table  No.  140. — Weight  and  Volume  of  French  Coals,  heapidu 


MiNB. 


Labarthe 

Auvergne  and  Blanzy 

Combelle 

Lataupp 

Saint-  Etienne 

Decise 

Mons 

Creusot 

Averages  of  bituminous  coals 

Anthracite 


Weight  of 

one  hectolitre, 

heaped. 


kilogranunes. 

88 

87 
86 

85 
84 

83 
80 

79 


84 


90 


Weiffht  of 

(me  cubic  foot, 

heaped. 


pounds. 

55.0 
54.3 
53.7 
531 

52-5 
51.8 

50.0 
49-3 


52-5 


56.2 


Volue 


hoH* 


cubic  fen 
40.75 

4L2a 

41.70 
42.19 

42.69 

43-" 
44.83 
45-39 


42.75 


40.00 


An  abstract  of  a  resum^  of  analyses  of  French  and  other  coals  and 
lignites,    by    MM.    Scheurer-Kestner   and    Charles    Meunier-Dollfus,  i 
given  in  table  No.  141,  together  with  the  observed  heat  of  combustioa 
The  figures  have  reference  to  pure  fuel,  from  which  the  ash  has  beet; 
separated,  in  terms  of  the  gaseous  constituents  only. 

Table  No.  141. — French  and  other  Coals  and  Lignites.    Analysis 
OF  Gaseous  Constituents  and  Observed  Heat  of  Combustioh.  V- 

{Scheurer-Kestner  and  Meunier-Dollfus,) 
The  fuel  is  assumed  to  be  dry  and  pure — without  any  ash. 


Designation  of  Combustible. 


Coal. 

Ronchamp,  3  samples 

Sarrebruck,  7      do 

Creusot,       4      do 

Blanzy : — Montceau 

Do.        Anthracitic 

Angin 

Denain 

English : — Bwlf. 

Do.         Powell-Duffryn 

Russian : — Grouchefski  anthracite. . . 

Do.         Miouchi,  bituminous , 

Do.         Goloubofski,  flaming 


Carbon. 


percent 
88.59 
81.10 
90.60 

78.58 
87.02 

84.45 

8394 
91.08 

92.49 

96.66 

91.45 
82.67 


ous  Elements. 

c 

Heat  of 
oombustioBflf 

i^ 

3 

Hydro- 

Oxygen 
and 

(observed). 

\ 

gen. 

nitrogen. 

i 

percent 

percent 

units. 

1 

4.69 

6.72 

16,416 

4.75 

14.15 

I5»320 

4.10 

5.30 

16,994 

5.23 

16.19 

14,985 

4.72 

8.26 

16,400 

4.21 

11.32 

16,663 

4.43 

11.63 

16,290 

3.83 

5.09 

i5»8o4 

4.04 

3.47 

16,108 

1.35 

1.99 

14,866 

4.50 

4.05 

i5»65i 

5.07 

12.26 

14,438 
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Table  No.  141  (cantiniud). 


of  Combustible 


Lignites. 

Rocberbleu 

Hanosque,  bituminous 

Do.        dry. 

Bohemia,  bituminous. 

Russian,  Toula 

ligiiite,  passing  to  fossil  wood. 
F(»sil  wood,  passing  to  lignite. 


Gaseous  Elements. 

Heat  of 
G>mbustion 

Carbon. 

Hydro- 

Oxygen 
and 

of  I  lb.  pure 
(observed). 

gen. 

Nitrogen. 

percent. 

percent 

percent 

units. 

72.98 

4.04 

22.98 

11,670 

70.57 

5.44 

23-99 

13,253 

66.31 

4.85 

28.84 

12,584 

76.58 

8.27 

15.15 

14,263 

73.72 

6.09 

20.19 

13,837 

66.51 

4.72 

28.77 

11,444 

67.60 

4.55 

27.85 

11,360 

INDIAN   COALS. 


In  July,  i860,  Mr.  R.  Haines,  acting  chemical  analyst  to  the  Bombay 
[Dremment,  reported  on  samples  of  coal  from  Australia,  the  Nerbudda 
iUley,  and  Nagpore.  The  following  are  the  principal  results  contained  in 
k  report : — 

The  Australian  coal  is  jet-black  and  brilliant,  very  britde,  and  breaks 
ith  a  cubical  fracture  like  Newcasde  coal. 

The  Nerbudda  coal  is  dull  black,  heavy,  very  hard,  being  pulverized 
th  difficulty;  it  has  a  laminated  structure  and  slaty  cleavage;  it  has,  here 
d  there,  interspersed  in  its  substance,  small  lumps  of  half-formed  coal 
e  charcoaL 

The  Nagpore  coal  is  very  similar  in  appearance  to  the  Nerbudda  coal, 
d  has  the  same  texture,  except  that  the  laminae  are  alternately  dull 
d  glossy. 

The  Australian  coal  is  bituminous,  and  it  cokes  like  Newcastle  coal 
ic  Nerbudda  and  Nagpore  coals  do  not  even  cohere  in  coking.  The 
I  of  the  Australian  coal  is  of  a  dirty  white  colour,  and  that  of  the  other 
lis  is  similar  in  appearance. 

The  results  of  analysis  of  these  coals  are  given  in  table  No.  142,  to- 
her  with  similar  results  from  English  coals.  The  products  are  divided 
0  solid,  or  "coke,"  and  volatile;  and  in  the  last  two  columns  are  given 
arately  the  sulphur  and  the  ash,  the  first  of  which  is  included  in  the 
atile  matter  and  the  second  in  the  coke. 
rhe  proportions  of  ash,  or  incombustible  matter,  are  respectively  as 


ows:- 


Coal. 

Australian, 8.38  per  cent 

Nerbudda  Valley, 18.09       „ 

Nagpore, 18.73       „ 

English^ 3.66       „ 
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Table  No.  142. — Comparative  Composition  of  Australian,  Nerbi 
Nagpore,  and  English  Coals.     By  Mr.  R.  Haines,  i86a 


Locality  or  Description. 


Australia 

Nerbudda  Valley 
Nagpore.  


Welsh  steam  coal : — 

From 

To 

Average. 
Scotland: — 

From 

To 

Average . 
Newcasde : — 

From .  

To 

Average . . . 


Average  of  English  coals, 


Specific 
gravity. 


I.312 

1.440 

I.417 


1.275 
1.350 
1.310 

1.200 
1.316 
1.260 

1.23 

1.31 
1.28 


1.28 


Coke. 

VoUtik 
matter. 

Sulphur. 

percent. 

percent. 

percent. 

68.27 
66.63 
76.00 

31.73 

33.37 
24.00 

0.50 
0.60 

0.34 

62.5 

88.1 
80.0 

37.5 

II. 9 
20.0 

0.33 
5.07 
125 

49.30 

59.15 
54.00 

50.70 
40.85 
46.00 

0.33 

1.57 
1. 10 

62.70 
72.30 
66.00 

37.30 

27.70 
34.00 

0.06 

1.85 
1. 00 

66.66 

33.33 

1. 12 

I 
I 


An  official  memorandum  was  addressed  to  the  Indian  govemmc 
January,  1867,  by  Dr.  Oldham,  superintendent  of  the  geological  sur 
India,  containing  the  results  of  analysis  of  eighty-one  samples  of  I 
coal :  showing  the  volatile  matter,  the  fixed  carbon,  and  the  ash.  ' 
results  are  given  in  table  No.  143,  and  a  column  is  prefixed  showin 
percentage  of  coke,  which  is  arrived  at  by  adding  that  of  the  ash  ti 
of  the  fixed  carbon.  For  comparison,  the  results  of  a  similar  analjf 
English  coals  saleable  at  Calcutta,  are  added. 

The  distinguishing  characteristic  of  the  Indian  coal  is  the  great  pi 
tion  of  ash  it  contains,  varying  from  i^  per  cent,  though  in  wi] 
instance,  to  59  per  cent,  and  averaging,  for  81  samples,  23  per  cent 
English  coal  saleable  at  Calcutta  has  only  an  average  of  2.7  per  cent 
following  are  the  average  compositions  of  Indian  and  of  English  o 
Calcutta,  deduced  fi-om  table  No.  143: — 

Indian  coals.        English  coals, 
per  cent.  per  cent 

Coke, 70.2  ...  70.8 

Fixed  carbon, 47.3  ...  68.1 

Volatile  matter, 29.6  ...  29.2 

Ash, 22.9  ...  2.7 

showing,  notwithstanding  the  great  excess  of  ash  in  the  composition  c 
Indian  coals,  that  the  quantity  of  volatile  matter  is  about  the  same 
the  English  coals,  about  29  per  cent  In  the  absence  of  a  full  chc 
analysis,  it  is  impossible  to  say  how  much  of  this  consists  of  ca 
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geo,  hydrogen^  and  nitrogen  individually;   and  therefore  the  heating 
rer  of  the  volatile  matter  cannot  be  estimated. 

Table  No.  143. — Composition  of  Indian  Coals,  1867. 

Compiled  from  a  Rqx>rt  by  Dr.  Oldham. 


Locafity. 


irfaurbali  Field: — 

From 

To 

Average 

ijmahal  Hills: — 

From 

To 

Average 

inigunj  Field: — 

From 

To 

Average 

cnia  Field : — 

From I 

To I 

Average 

ntral  India  (Pench  River) : —     j 

From 

To 

Average 1 

ubas  (Godavery  River) 

Total  averages  of  Indian  coals. 


i(^ish  coaly  saleable  at  Calcutta : 
Averages 


Coke 
sum  of  fixed 
carbon  and 

ash). 

Fixed 
carbon. 

percent. 

per  cent. 

75-2 
87.4 

79.9 

50.9 

73.1 
62.8 

54-4 
71.2 

60.8 

25.2 

57.6 
44.2 

59.0 

75.0 
65.0 

1 

39.2 
63.8 

50.0 

55.4     1 
86.0     1 

30.8 
68.4 

69.0 

56.3 

Volatile 
matter. 


52.0 
86.0 
65.6 
81.0 


70.2 


70.8 


30.3 
61.6 

47.4 
23.2 


47-3 


68.1 


per  cent. 

12.6 
24.8 
20.2 

28.8 
44.8 

39.3 

25.6 

38.7 
35.0 

18.0 
44.6 
31.0 

14.0 

54-0 
32.8 

19.0 


29.6 


29.2 


Ash. 


22.9 


2.7 


per  cent 

4.8 

39.2 
17.1 

37.6 
16.6       ' 

1-75 
35.2 

15.0 

1.7 
28.8 

12.7 

2.2 

48.7 
18.2 

57.8 


may  be  added  that  Dr.  Oldham,  in  1859,  analyzed  two  specimens  of 
ladtic  coal  from  Kotlee,  in  the  Punjab,  and  found  their  composition 
>Ilows: — 


No.  I 
No.  2 


percent. 

-90.5 
..90.0 


Volatile  matter. 

per  cenL 
...       4.0       .. 
...       6.0       .. 


Ash. 
per  cenL 

4.0 


[uch  of  the  Indian  coal  is  peculiarly  liable  to  disintegration  from  ex- 
ire  to  the  atmosphere,  particularly  in  the  hot  seasons.     Coal  from  the 
Chanda  coalfields  is  reported  to  have  fallen  to  so  small  pieces,  after  a 
t  period  of  exposure,  as  to  have  become  unfit  as  fuel  for  locomotives. 
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When  coal  is  exposed  to  heat  in  a  furnace,  the  carbon  and 
associated  in  various  chemical  unions,  as  hydrocarbons,  are  vok 
pass  off.  At  the  lowest  temperature,  naphthaline,  resins,  and  fluid 
boiling  points  are  disengaged ;  next,  at  a  higher  temperature,  vol 
are  disengaged;  and  still  higher,  olefiant  gas,  followed  by  cor 
light  carburetted  hydrogen,  which  continues  to  be  given  off  aftc 
has  reached  a  low  red  heat.  As  the  temperature  rises,  pure  h 
also  given  off,  until  finally,  in  the  fifth  or  highest  stage  of  temp 
distillation,  hydrogen  alone  is  discharged.  What  remains  after 
latory  process  is  over,  is  coke,  which  is  the  fixed  or  solid  carb< 
with  earthy  matter,  the  ash  of  the  coal. 

The  hydrocarbons,  especially  those  which  are  given  off  at 
temperatures,  being  richest  in  carbon,  constitute  the  flame-m 
smoke-making  part  of  the  coal  When  subjected  to  degrees  of 
above  the  temperatures  required  to  vaporize  them,  they  becoi 
posed,  and  pass  successively  into  more  and  more  permanent 
precipitating  portions  of  their  carbon.  At  the  temperature  of  Ic 
none  of  them  are  to  be  found,  and  the  olefiant  gas  is  the  dense! 
remains,  mixed  >vith  carburetted  hydrogen  and  free  hydrogen.  ] 
these  transformations  that  the  great  body  of  smoke  is  made,  c( 
precipitated  carbon  passing  off  uncombined.  Even  olefiant 
bright  red  heat,  deposits  half  its  carbon,  changing  into  carburet 
gen;  and  this  gas,  in  its  turn,  may  deposit  the  last  remaining  eq 
carbon  at  the  highest  furnace  heats,  and  be  converted  into  pure  1 

Throughout  all  this  distillation  and  transformation,  the  elemen 
gen  maintains  a  prior  claim  to  the  oxygen  present  above  the  fuel 
it  is  satisfied,  the  precipitated  carbon  remains  unbumed. 

Summary  of  the  Products  of  Decomposition  in  the  F 

Reverting  to  the  statement  of  the  average  composition  of  coal 
it  was  found  that  the  fixed  carbon  or  coke  remaining  in  the  fu 
the  volatile  portions  of  the  coal  are  driven  off,  averages  6i  per  c 
gross  weight  of  the  coal.  Taking  it,  for  round  numbers,  at  60 
the  proportion  of  carbon  volatilized  in  combination  with  hydrog 
20  per  cent — making  up  the  total  of  80  per  cent,  of  constituen 
average  coal. 

Of  the  5  per  cent,  of  constituent  hydrogen,  i  part  is  united  t- 
cent,  of  Qxygen,  in  the  combining  proportions  to  form  watei 
remaining  4  parts  of  hydrogen  are  found  partly  united  to  the 
carbon,  and  partly  free. 

These  particulars  are  embodied  in  the  following  summary  of 
tion  of  the  elements  of  100  pounds  of  average  coal,  after  hi 
decomposed,  and  prior  to  entering  into  combustion : — 
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100  Pounds  of  Average  Coal  in  the  Furnace. 


IW.  lbs.  Decomposition. 

{vSib^d::::::^  ''        ^^  fixed  carbon. 


pinfen 5 

Cfar. iX 


24     hydrocarbons  and  free  hydrogen . 
iX  sulphur. 
jm 8     y  forming  \   9     water  or  steam. 

T:=:=:::.  f         !  i  -r^"' 


About ICO 


I 


ICO 


vii^  a  total  useful  combustible  of  86^  per  cent.,  of  which  26^  per 
L  is  volatilized.  Whilst  the  decomposition  proceeds,  combustion  pro- 
ii^and  the  25^  per  cent,  of  volatilized  portions,  and  the  60  per  cent. 
led  carbon,  successively,  are  burned. 

tmay  be  added  that  the  sulphur  and  a  portion  of  the  nitrogen  are  dis- 
Ijed  in  combination  with  hydrogen,  as  sulphuretted  hydrogen  and 
noia.  But  these  compounds  are  small  in  quantity,  and,  for  the  sake 
a^ilicity,  they  have  not  been  indicated  in  the  above  synopsis. 

Quantity  of  Air  Chemically  Consumed  in  the  Complete 

Combustion  of  Coal. 

ike  coal  of  average  composition.  Then,  applying  the  rule  i,  page  400, 
carbon  C  =  8o,  the  available  hydrogen  (H-Q)  =  4,  and  the  sulphur 
[.25,  and 

C  +  3(H-0)  +  .4S  =  8o+i2  +  ,5  =  92.5, 

92.5  X  1.52  =  140.6  cubic  feet  of  air  at  62"*,  the  quantity  chemically 
umed  by  one  pound  of  average  coal. 

3  find  the  proportions  in  which  this  quantity  of  air  is  appropriated  for 
volatilized  and  the  fixed  portions  of  the  coal,  as  above  divided,  for 
lbs.  of  the  fuel: — 

THE  VoLATIUZED   PORTION — 

Hydrogen 4      lbs.  x  457  =  1828  cubic  feet. 

Carbon 20      lbs.  x  152  =  3040 

Sulphur I ^  lbs.  x    57  =      71 

4939  cubic  feet. 

THE  Fixed  Portion — 


Carbon 60      lbs.  x  152  = 9120 


I) 


)tal  useful  combustible,  85^  lbs.  i4t059         „ 

ing  that  14,059  cubic  feet  of  air  at  62°  are  required  for  the  complete 
Histion  of  100  lbs.  of  coal  of  average  composition.     It  is  equivalent 


428 


FUELS. — CXDAL. 


to  140.6  cubic  feet  of  air  for  one  pound  of  coal,  as  already  found,  or  i 
round  numbers,  140  cubic  feet,  of  which  there  are  required. 

For  the  volatilized  portions 50  cubic  feet,  or    ^6  per  cent 

For  the  fixed  portion 90         „         or    64       „ 


140 


100 


The  weight  of  this  quantity  of  air,  dividing  the  volume  by  13.14, 
10.7  lbs. 

The  following  table,  No.  144,  gives  the  composition  of,  and  the  qQU 
ties  of  air  chemically  consumed  in  the  complete  combustion  oi,  BnA 
coals  of  the  highest,  the  lowest,  and  average  heating  powers,  plac 
together  for  comparison.  It  appears  from  the  table  that  the  quantity  of; 
chemically  consumed  in  the  combustion  of  one  pound  of  British  coal  van 
according  to  the  composition  of  the  coal,  from  116  to  163  cubic  feet 
62°:— 

Table  No.  144. — Comparative  Statement  of  Composition,  Heat 
Combustion,  and  Air  Chemically  Consumed  by  British  Om 
OF  the  Highest,  Lowest,  and  Average  Quality. 


Coal 

'.Selected  from  Delabeche  and 
Playfair's  Report,. 


Carboa 


per  cent. 


Warlich's  patent  fuel.  ,  90.02 

EbbwVale ,  89.78 

Haswell  Wallsend . . .     83.47 


Coal  of  average  com- 
position.  


} 


Ince  Hall,  Pember-  \ 
ton  five  feet  (low-  V  . 
est  British) )  i 

Chirique,  Chili  (low- 
est foreign) 


) 


80.00 


68.72 


38.98 


Hydro^n. 

Oxygen. 

Sulphur. 

per  cent,    per  cent. .  per  cent, 

1                      ;                      1 

5-56 

1.62 

5.15 

0.39 

1.02    ' 

6.68 

8.17 

0.06  ; 

5.00 


4.76 


4.01 


8.00 

1.25 

18.63 

1-35 

13-38 

6.14 

Total  heat  of 

combustion 

of  one  pound 

of  coal. 


units. 

16,495 
16,221 

15,502 
14,133 


",525 


7,349 


lAtr< 
iheooo^ 


one 


i  cubic  fiNti 
6a*. 

161 

IS3 


140 


116 


74 


Gaseous  Products  of  the  Complete  Combustion  of  Coau 

The  quantity  of  the  gaseous  products  is  found  by  rules  2  and  3,  paj 
401,  402.     Take,  for  example,  the  case  of  coal  of  average  composition 

I.  By  weight. — The  percentages  of  carbon,   hydrogen,   sulphur,  a 
nitrogen  are  respectively  80,  5,  1.25,  1.20.     Then,  by  rule  2,  page  402,  t 
weight  of  the  gaseous  products,  taken  collectively,  of  the  combustion 
one  pound  of  coal,  is 

(.126  X  80) -f- (.358  X  5) +  (.053  X  1.25)  + (.01  X  1.20)  =  11.94  pounds 
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Tbt  weights  of  the  gases  individually  are  given  by  the  expressions 
K ^  ^9  psgc  4oiy  as  follows: — 

Pounds.    Par  c«nt. 

arbonic  acid 0366x80     "^2.93    or  24.C 

team 09x5       =   .45    or    3.8 

alphurous  acid 02x1.25  -   .025  or   0.2 

itrogen  =  (.0893  x  80)  +  (.268  x  5)  +  (.0335  x  1.25)  +  (.01  x  1.20) «  8.536  or  71.5 

11.94      lOO.O 

.  By  volume. — ^The  total  volume  is  found  by  rule  3,  page  402 ;  thus : — 

52x8o)  +  (s.52x5)  +  (.567  x  1.25) +  (.135  x  1.20)=  150.07  cubic  feet. 

he  volumes  in  detail  are,  by  the  expressions  t,  /,  g,  h,  page  401,  ai» 
ms: — 

Cubic  feet  p.-  -^, 
at  6a'.    Perc««t 

irbonic  acid 315x80     =   25.2    or  17 

cam 1.9     x5       =9-5    or   6 

ilphurous  acid 117x1.25  «     0.15     trace 

im)gen  =  (1.206  X  80)  +  (3.618  X  5)  +  (45  X  1.25)  +  C.135  X  1.20;  -  1 1 5.29  or  77 

150,14     100 

ring  that  the  1 2  pounds  of  gaseous  products  have  a  volume  of  1 50 
c  feet  at  62%  equal  to  i2yi  cubic  feet  per  pound  The  clement  of 
igcn  is  nearly  three-fourths  by  weight,  and  fully  three-fourths  by  volume, 
be  total  quantity  of  gaseous  products. 

he  relatively  laiger  volume  of  the  gaseous  products  at  the  higher  tern- 
tme  at  which  they  enter  the  chimne}',  is  found  by  the  f  »rmula  (  2  ;, 
I  347,  repeated  at  page  402.     If  the  hnal  temperature  be  500^  F,,  tlie 
volume  of  the  gaseous  products  for  one  pound  of  average  coal  is, 

150  ^— — i— L=  276  cubic  feet; 
62  +  461 

learhr  doable  dse  volume  at  62'.  At  585'  temperature,  the  %'olufae 
Id  be  exactly  doable,  or  300  cubic  feet:  and  at  1108'  F.  it  wouM  l>e 
three  times  the  noniia^  Tohmie  a:  62'. 

SCBPLCi   AliL 


he  quantity  of  smplns  acr  wiax?j  pafcc*  ^jS  m-Jih  tl>e  pr^^^jts  of  owi*- 
icm  into  the  dttmner.  '^v^j\i^  x^Std  so  Utaa.  of  lii^t^  yr^A^^M  U^  6rA 
total  weight  or  rotamt  -of  lie  fsfefw  at  ribe  dancaaeT.  ni  s^z^ai^  i^a^^^ 
(402. 

*aking  the  case  of  cos]  z€  tn-*?*^*  ^jf-jc^j^'tyje:;^  wjjjx/?*^  ^jh;^  ^j*: 
ntity  of  sjnphis  air  it  -eouiLj  k-  :iar  iri>i:  ii  'iataiiuk'.iiiy  ^fyAA>\»fj^ 
the  fiie3;  then  it  aniomiiiir  10  j^s  cnl»it  ifesii  in-  r<,t:r.vr.  <j»r  'ic'.j  ;y^vft*Ot 
weig^  for  caie  pocnd  cif  cwJ  <--g»fiirtD*jC  1  iriiCr^^^  t:bffw:  v>  iSir  ir-»^4^.rt 
die  TohoDe  of  tiit  prof  nca;  of  tnannuHUw.  alK*«>*:  ivvsy^.  Tibw^  it 


•»■ 


Total  eaogiinf  l»«3u py^  /%  ; 
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When  the  quantity  of  surplus  air  is  less  than  that  which  v. 
consumed,  the  volume  and  weight  to  be  added  to  those  of  the  prodiKW'^ 
combustion,  are  less  than  140  cubic  feet  and  10.7  pounds  respectively, 
the  same  proportion. 

The  total  quantity  of  escaping  gases,  therefore,  produced  by  Oic  a 
bustion  of  one  pound  of  average  ci»I,  varies  according  to  the  propoitifim 
surplus  air — 

From  150  cubic  feet  to  290  cubic  feet,  at  62°; 
From  276  „  to  533  „  at  500°; 
From  12  pounds  to  32.7  pounds  in  weight 

It  is  here  assumed  that  the  maximum  quantity  of  surplus  air  does  n 
exceed  the  quantity  of  air  chemically  consumed. 

Total  Heat  of  Combustion  of  British  Co,\ls, 

The  total  heat  of  combustion  of  coal  of  average  composition,  havii 
80  per  cent,  of  carbon,  5  per  cent,  of  hydr<^n,  8  per  cent,  of  ox>'gei», 
and  1.35  per  cent,  of  sulphur,  is,  by  rule  4,  page  406, 

145  (80  +  4.28  (s  -  V,  )  +  (o.28  «  1.25)  )  =  14,133  umts. 

The  heating  power,  expressed  in  pounds  of  water  evaporahk  under  01 
atmosphere  by  one  pound  of  the  fuel,  is,  by  rule  5;  p.  406,  as  follows:— 
When  the  water  is  supplied  at  62°  the  total  evaporative  poner  is 

0.13  (80  +  4.28  (s  -  y»  )  +  {o.28  X  1.25))=  12.67  pounds  of  water. 

When  the  water  is  supplied  at  212°  the  evaporative  power  is 

0.15  (80  +  4.28  (s  -  Vs  )  +  (o.28  X  1.25))=  14.62  pounds  of  water. 

The  total  heat  of  combustion  of  British  coals  is  given  in  table  Na  136, 
page  414;  and  for  contrast  in  table  No.  144,  above. 


COKK 

The  quantity  of  residuary  coke  in  various  coals,  was  found  by  laboratoiy 
analysis  as  follows  (see  previous  tables): — 

lExduJing  inihrKila.)  j^°ant-  p^A^ 

English  coals 50  to  72  Average  61.4 

American  coals 64  to  86  „        76.4 

French  coals 53  to  76  „       64.5 

Indian  coals 52  to  84  „        70,2 

Anthracite  coke  scarcely  deserves  the  name;  it  is  without  cohesion,  and 
pulverulent.  The  best  coke,^froni  bituminous  coal, — is  clean,  crystalline, 
and  porous;  and  it  is  formed  in  columnar  masses.  It  has  a  steel-gray 
colour,  possesses  a  metallic  lustre,  with  a  metallic  ring  when  struck,  and  is 
so  hard  as  to  be  capable  of  cutting  glass. 


QUALITY  OF  COKE, 
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Tlic  quality  of  coke  obviously  depends,  in  a  great  measure,  on  the  propor- 
of  the  constituent  hydrogen  and  oxygen  of  the  coal  from  which  it  is 
which  regulate  the  degree  of  fusibility  of  the  coal  when  exposed  to 
Taking,  for  example,  the  particulars  of  the  coke  produced  from  the 
I  coals,  table  No.  139,  and  arranging  the  averages  for  each  kind  of 
in  the  order  of  the  quantity  of  hydrogen  in  excess,  the  nature  of  the 
produced,  as  described  by  M.  Peclet,  was  as  follows: — 


Oxysen 
Hjrdrogen.        and 

',  Nitrogen. 

Hydrogen 
in  excess. 

Nature  of  the 
Coke. 

Anthracites 

per  cent. 
2.67 

523 

5-35 
4.88 

5.08 

per  cent. 

2.85 

16.01 

8.63 

438 
5-65 

percent 

2.43 

309 

4.15 
4.27 

4.30 

pulverulent 
in  fragments 
porous 
porous 
very  porous 

Dnr  coals,  lone:  flame 

Bituminous  coals,  long  flame 

Bituminous  hard  coals 

Bituminous  cakincr  coals ,  x .  t  x ....... , 

ing  a  series  of  five  coals,  with  an  ascending  series  of  hydrogen  in 
ocess,  from  2.43  to  4.30  per  cent  The  nature  of  the  cokes  advances 
lorespondingly  fix>m  pulverulent  or  powdery,  to  very  porous  or  excessively 
ined  and  raised.  The  first  is,  in  fact,  a  failure  as  a  coke,  and  the  second, 
lith  3.09  per  cent  of  hydrogen  in  excess,  barely  coheres,  being  in  frag- 
■cnts;  the  third  and  fourth,  with  about  4.20  per  cent  of  hydrogen  in 
Boess,  produce  a  porous  and  cohesive  coke,  and  the  fifth  an  excessively 
lOfoos  coke, — bright,  but  comparatively  light  for  metallurgical  operations. 

From  this  it  appears  that  a  coal  having  less  than  3  per  cent  of  hydrogen 
in  excess,  is  unfit  for  coke-making;  and  that,  for  the  manufacture  of  good 
coke,  coal  containing  at  least  4  per  cent  of  free  hydrogen  is  required. 

It  is  not  dear  in  what  manner  the  presence  of  free  hydrogen  operates  in 
lising  the  substance  of  the  coal;  unless,  probably,  that  the  hydrogen 
bong  in  combination  with  carbon  in  various  proportions  to  form  tar 
ad  oils,  softens  the  fixed  carbon,  and  forms  a  pasty  mass,  which  is  raised 
fte  bread  by  the  expansion  of  the  confined  gases  and  vapours  seeking  to 
«stape.  The  increasing  proportions  of  volatilized  matter  which  is  raised  by 
fceat,  successively,  from  anthracites,  bituminous,  and  caking  coals,  are  clearly 
amplified  by  the  analyses  of  American  coals  in  table  No.  138,  page  419; 
od  they  evidently  have  relation  to  an  increase  of  the  hydrogen  in  excess 
above  that  required  to  form  water  with  the  constituent  oxygen.  I'hey  are 
«  follows: — 


Ambsican  Coals. 


Volatilized 
Mattbf. 

per  cent. 


Anthracite 5.16 

Free  burning  bituminous  coals 1 6. 48 

Bituminous  caking  coals 30.99 


Co  KB 

Pkoducbd. 
per  cent, 

94.82 

83.68 

69.01 


he  increasing  volatilized  matter  explains,  as  above  suggested,  the  increas- 
g  porosity  and  bulk  of  the  coke  yielded  by  the  respective  coals. 
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Anthracitic  Coke. 

By  a  process  recently  introduced  at  Swansea  by  Messrs.  PemoKjjl 
Richards,  and  described  by  Mr.  W.  Hackney,^  anthracite  has  been 
fully  used  as  the  basis  of  a  coke,  manufactured  from  the  following 
Anthracite,  60  per  cent;  Bituminous  coal,  35  per  cent.;  Pitch,  5  per 
The  materials  are  crushed  and  mixed  together  through  a  disintegrator. 
yield  of  coke  is  80  per  cent,  of  the  weight  of  the  charge.     The  cdkt 
steel-gray  in  colour,  and  so  hard  as  to  scratch  glass  easily;  and  it  is 
23  per  cent  heavier  than  the  best  Welsh  coke.     It  bums  in  a  common 
or  in  a  blast  furnace,  without  any  sign  of  crumbling. 


Quantity  of  Coke  Yielded  by  Coal. 

The  quantity  of  coke  produced,  on  the  large  scale,  from  coal  varies 
60  to  80  per  cent  in  weight     The  following  are  examples  of  the  yield: 

Coals.  Cokb  Produced. 

Andrew's  House,  Tanfield 65  per  cent  of  the  coal. 

Bristol 60  to  63.5       „  „ 

Kilsyth 60  „  „ 

Mons 77  to  80  „  „ 

Seraing 67  „ 

In  general,  the  yield  of  good  coke  is  about  two-thirds,  or  66  per  cent! 
the  coal. 

The  whole  of  the  coke  matter  in  coal  cannot  be  extracted  from  it,  on  ^ 
large  scale ;  a  portion  of  it  is  burned  off.  Thus,  Seraing  coal,  from  whidd 
67  per  cent,  of  coke  was  made,  on  the  laige  scale,  yielded  80  per  cent  UfT-. 
coke,  by  laboratory  analysis. 

Weight  and  Bulk  of  Coke. 

Coal  expands  in  volume  in  the  coking  process,  insomuch  that  dia& 
volume  of  the  resulting  coke  is  greater  by  from  10  to  30  per  cent  than  thil^ 
of  the  coal  from  which  it  is  made.  Tanfield  coke  has  1 1  per  cent 
volume  than  the  coal  from  which  it  is  made;  and  as  the  specific  gravity 
the  coal  is  1.26,  that  of  the  coke  is  0.74,  calculated  as  follows: — 

1.26  X 5 =  0.74. 

I. II  X  100 

The  weight  and  volume  of  Tanfield  coal,  and  of  coke  made  from  it, 
as  follows: — 

Specific  Weight  of  i  cubit        Weight  of  i  cubic        Volume  of  i 

gravity.  foot,  solid.  foot,  heaped.  ton,  heaped. 

Tanfield  coal...   1.26  78.57  lbs.  52.19  lbs.  42.92  cubic feet.- 

Do.      coke      0.74  46.14  „  30.00   „  74.66        „ 

Mickleycoke  weighs  28  lbs.  per  cubic  foot,  heaped,  and  measures  in  bulk. 
80  cub.  ft  per  ton.    Gas  coke  weighs  from  12^  cwt.  to  1 5  cwt  per  chaldnA. 

^  In  a  paper  read  at  the  meeting  of  the  Iron  and  Steel  Institute,  1875,  published  \t^ 
Engin^eringf  November  12,  1875. 
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The  Ameiicaii  cokes,  from  Midlothian,  Va.,  and  Cumberland,  Md., 
XRnged  a  weight  of  32.13  lbs.  per  cubic  foot,  heaped,  and  a  volume  of 
19.8  cubic  feet  per  ton. 

Tbc  coke  used  for  smelting  fiimaces  in  France  weighs,  ordinarily,  25  lbs. 
■cr  cnbic  foot,  heaped,  and  measures,  in  bulk,  about  90  cubic  feet  per  ton. 
Of  Ae  Scraing  coking  coal,  and  the  coke  produced  from  It,  the  weight  and 
hA  are  as  follows, — assuming  that  the  coal  is  the  same  as  average  New- 
aale  coal,  with  whidi  it  is  almost  identical  in  chemical  composition: — 


Seiaing  coal 50  lbs.  45  cubic  feet. 

Do.     coke 31   „  J3        „ 

Fmm  the  fort^oing  particulars  it  may  be  gathered  that  coke  of  good  quality 
.wi^  from  40  to  50  lbs.  per  cubic  foot  solid,  and  about  30  lbs.  per  cubic 
tet,  heaped;  and  that  the  average  volume  of  one  ton  is  75  cubic  feet, 
mjing  from  70  to  So  cubic  feet  per  ton. 

Composition  o?  Coke. 

For  all  purposes,  the  less  ash  there  is  in  coke  the  more  valuable  it  is. 
Pure  coke,  if  such  there  be,  consists  entirely  of  carbon.  But  in  practice, 
nke  consists  of  carbon,  sulphur,  and  ash.  The  purest  coke  known  is 
jAamsay's  Gu^field  coke.  The  composition,  as  ascertained  by  analysis 
If  Dr.  Richardson,  is  as  follows: — 

b  Carbon 97.6    percent 

^  Sulphur 0.8s      „ 

Ash 1.5s       „ 


The  composition  of  Durham  coke  varies  within  the  following  hmits: — 

Carbon 85  to  9a  per  cent 

Sulphur  J4  to    a       „ 

Ash 4  to  II      „ 

Dr.  Muspratt  gives  the  results  of  nineteen  analyses  of  coke  of  the  usual 
fnlitics  supplied  to  manufacturers;  they  are  here  given  in  table  No.  145, 
«mged  in  the  order  of  the  percentages  of  carbon,  the  first  in  the  list  being 
Imsay's  cake  above-mentioned. 

For  the  service  of  locomotives  on  railways,  coke,  besides  being  dense 
■d  hard,  should  not  contain  more  than  6  per  cent  of  ash  to  insure  its 
pBBDg  as  coke  of  good  quality;  with  9  per  cent,  of  ash,  it  is  of  mediocre 
9*^;  with  12  per  cent,  of  ash,  it  is  decidedly  bad  coke. 

The  washing  of  coal  destined  for  the  formation  of  coke  has  already  been 
facribed.  Its  effect  in  removing  the  earthy  matter  and  in  improving  the 
:!f^  of  the  coke  has  already  been  referred  to.  Suppose  a  coai  which,  in 
[imtdinaiy  condition,  yields  a  coke  containing  from  10  to  15  per  cent,  of 
■H^  Ax  effect  <rf  previously  washing  the  coal  would  be  to  reduce  the 
fihdtj  of  aah  in  the  coke  to  from  4  to  6  per  cent. 
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fuels. — lignite  and  aspualte. 
Heating  Power  of  Coke. 


llie  heating  power  of  coke  is  calculated  directly  from  the  quantity  rfi 
constituent  carbon,  if  the  sulphur  be  neglected.      Taking,  for  eaa^ 
the  first  and  the  last  samples  of  coke,  of  which  the  analyses  are  gnr* 
in  table  No.   145,  with  coke  of  average  composition,  the   percenlagei  ( 
constituent  carbon  are  as  follows,  to  which  are  added  the  heating  poweni 
one  pound  of  the  fiiels,  calculated  by  rules  ( 4 )  and  (  5  ),  page  406:— 

ConxitDciit    Tout  Heatiiic        Toul  Evnomne 
CoKB_  Carbon.  Pent.  Pmntirm 


50        14.64  pounds. 


No.     1 97.60 

No.  19 84.82 

Average  coke 93.44        13.35°        ^4-°'      >. 

Temperature  of  Combustion  of  Coke. 
The  temperature  of  combustion  of  carbon,  which  is  the  com1 
matter  of  coke,  was  found,  page  407,  to  be  4877°  F.  when  compleH 
burned.     It  may  therefore  be  assumed  that  the  temperanire  of  combusti 
of  coke  is  under  5000°  F. 

LIGNITE  AND  ASPHALTE. 

Lignite,  or  as  it  is  occasionally  called,  brown  coal,  though  it  is  often  fixn 
of  a  black  colour,  belongs  to  a  more  recent  formation— the  tertiary— thi 
coal.  It  is  in  &ct  an  imperfect  coal  Brown  lignite  is  sometimes  of 
woody  texture,  sometimes  earthy.  Black  lignite  is  either  of  a  wooJ 
texture,  or  it  is  homogeneous,  with  a  resinous  fracture.  Some  lignites, 
fully  developed,  are  of  a  schistose  character,  with  pyrites  in  their 
tion.  The  coke  produced  from  various  lignites  is  either  pulverulent, 
that  of  anthracite,  or  it  retains  the  forms  of  the  original  fibres.  Lignite' 
less  dense  than  coal. 

The  table  No.  146  contains  the  composition  of  lignites  of  ^'arioos  qnd 
ties,  including  the  hygrometric  moisture. 

Table  No.  147  contains  the  results  of  analyses  and  other  particiilan 
lignites  and  of  asphalte,  accordii^  to  Regnault.    See  also  table  No.  1414 
page  423. 

Table  No.  146. — Density  and  Composition  of  various  Lignites, 
INCLUDING  Hygrometric  Moisture.  , 


Locality  and  deftcnptioji 


Meissncr — red  brown,  woody     1 
Rheinhardswalde— gray  or  1 
black,  with  abundance  of  >  '   I 

Mcissner  —  brilliant  black,  "j  !| 
fracture     fibrous,     lustre  >      i 

Hi rsch berg- brownish  black,  j  ] 
n  tree-like  masses 1  1 


5' -24 
58.78 


52-33 
20.80 


I 


<    4.86     20.17 


COMPOSITION  OF  UGNITE  AND  ASPHALTE. 
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FUELS.— WOOD. 


ASPHALTE, 

Asphalte,  like  lignite,  has  a  large  proportion  of  hydrogen.  It  has  1 
than  9  per  cent  of  oxygen  and  nitrogen,  and  thus  leaves  S}(  per  cent 
free  hydrogen,  and  it  accordingly  yields  a  porous  coke. 

The  average  composition  of  perfect  lignite  and  of  asphalte  may  be  tiid 
in  whole  numbers  as  follows: — 

Lignite.  Asfhahc 

Carbon 69  per  cent  79  percent 

Hydrogen 5        »  9       » 

Oxygen  and  nitrogen 20       „  9       „ 

Ash 6       „  3       " 

100  100 

Coke,  by  laboratory  analysis 47       „  9       „ 

The  lignites  are  distinguished  from  coal  by  the  large  proportioii 
oxygen  in  their  composition — from  13  to  29  per  cent,  which  goes  fiff 
neutralize  the  hydrogen,  so  that  for  the  first  and  second  lignites  the  1 
hydrogen  is  less  than  3  per  cent  For  the  third — bituminous  lignite- 
free  hydrogen  amounts  to  nearly  6  per  cent.,  and  the  varied  effect  of 
proportion  of  free  hydrogen  is  visible  on  the  nature  of  the  coke  of  ligD 
as  was  found  in  the  case  of  the  coke  of  coal.     Thus, 

With  2.64  per  cent  of  free  hydrogen,  the  coke  is  pulverulent 
„     1.75  „  „  „  like  wood  charcoal 

„     5.76  „  „  „  raised  and  porous. 

The  small  yield  of  coke  from  asphalte — only  9  per  cent — thou^ 
constituent  carbon  amounts  to  79  per  cent,  is  evidently  caused  by  the  gi 
amount  of  free  hydrogen  volatilizing  a  large  proportion  of  the  carbon. 

Total  Heating  Power  of  Lignite  and  Asphalte. 

The  total  heating  power  of  lignite  and  asphalte,  in  units  of  heat,  and  tl 
equivalent  evaporative  powers  in  water  from  212°,  under  one  atmospb 
are  as  follows : — 


Fuel. 

Heating  power. 

Total  evaporative  power 

in  water  from  aza*  per 

pound  of  fueL 

Perfect  lignite 

Imoerfect  li&fnite 

units  of  heat. 
...     1 1. 678     .. . 

pounds. 
12.10         

...       0.3^A     ... 

10.18         

Bituminous  lignite 

Asphalte 

...        yy^o^        • 
...     Id.ddO     ... 

I4..06         

...           M.fyffy          ... 

10. 6^ c    ... 

*«|..yv             

17.24.         

. . .      '■^y^QQ      •  •  • 

*  /•**r          

It  may  be  observed,  with  reference  to  the  lignites  noted  in  table  No.  i 
that  the  more  perfectly  converted  lignites  possess  the  greatest  heat 
power.  There  is  a  fine  distinction  between  lignite  passing  to  fossil  wo 
and  fossil  wood  passing  to  lignite ;  their  heating  powers  are  nearly  eq 
to  each  other,  and  both  are  less  Uian  the  heating  powers  of  the  pen 
lignites. 


HYGROMETRIC  MOISTURE  IN  WOOD. 
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WOOD. 

food, as  a  combustible,  is  divisible  into  two  classes: — ist  The  hard, 
ipact,aod  comparatively  heavy  woods,  as  oak,  beech,  elm,  ash;  2d.  The 
t-coloured,  soft,  and  comparatively  light  woods,  as  pine,  birch,  poplar, 
'lance,  firewood  is  classed  as  fresL  wood  {bois  neuf)^  carried  by  land  or 
r  to  its  destination;  raft  wood  ifiois  flotte\  floated  to  its  destination; 
peeled  wood  {bais  peiard)^  or  oak  stripped  of  its  bark. 

:cording  to  M.  Leplay,  green  wood,  when  cut  down,  contains  about 
»r  cent  of  its  weight  of  moisture.  In  the  forests  of  Central  Europe, 
1  cut  down  in  winter  holds,  at  the  end  of  the  following  summer,  more 
40  per  cent,  of  water.  Wood  kept  for  several  years  in  a  dry  place 
isfit)m  15  to  20  per  cent  of  water. 

)od  which  has  been  thoroughly  desiccated,  will,  when  exposed  to  air 
r  ordinary  circumstances,  absorb  5  per  cent,  of  water  in  the  first  three 
and  will  continue  to  absorb  it,  until  it  reaches  from  14  to  16  per 
as  a  normal  standard.  The  amount  fluctuates  above  and  below  this 
ard,  according  to  the  state  of  the  atmosphere. 

Violette  found  that,  by  exposing  green  wood  to  a  temperature  of 
F.,  it  lost  45  per  cent  of  its  weight,  which  accords  with  the  observa- 
f  M.  Leplay.  He  further  found  that  by  exposing  small  prisms  of  wood 
ID  inch  square  and  eight  inches  long,  cut  out  of  billets  that  had  been 
i  for  two  years,  to  the  action  of  superheated  steam,  for  two  hours,  they 
^oni  15  to  45  per  cent  of  their  weight,  according  to  the  temperature  of 
cam,  which  varied  from  257**  F.  to  437**  F.  (125°  C.  to  225**  C).  The 
TDg  are  the  particulars  for  four  woods : — 


Loss  OP  Weight. 

tsmpkratukb  of 
Desiccation. 

Oak. 

1 

Ash. 

Elm. 

Walnut. 

percent 

per  cent. 

per  cent. 

per  cent. 

125^  C.  or  257''  F. 

15.26 

14.78 

15.32 

15.55 

150        »   302 

17.93 

16.19 

17.02 

17.43 

175         >»   347 

32.13 

21.22 

36.94 

21.79 

200        „   392 

35.80 

27.51 

33.38  (?) 

41.77  (?) 

225         »   437 

44.31 

33.38 

40.56 

36.56 

hardest  wood,  oak,  lost,  according  to  this  statement,  more  weight 
he  softer  woods.  The  observations  queried  appear  to  have  been 
of  observation.  At  a  temperature  of  200"*  C,  or  392**  F.,  wood 
es  visibly  altered,  and  the  alteration,  or  decomposition,  may  likely 
aice  at  a  lower  temperature;  and  it  may  be  that  the  losses  of  weight 
entirely  due  to  a  reduction  of  hygrometric  water.  A  higher  tempera- 
an  2 1 2°  F.  appears  to  be  necessary  to  disengage  all  the  water. 

inary  firewood  contains,  by  analysis,  from  27  to  80  per  cent  of 
\etnc  moisture. 
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Composition  of  Wood. 

M.  Chevandier,  in  1844,  published  the  results  of  analjrsis  of  five  woods,--^ 
beech,  oak,  birch,  poplar,  and  willow.    The  woods  were  reduced  to  powdu 
and  desiccated  at  a  temperature  of  140**  C,  or  284**  F.,  before  being  soM 
mitted  to  analysis.     The  results  of  anal3rsis  are  given  in  table  No.  148. 

• 

Table  No.  148. — Composition  of  Woods. 

(From  Analysis  by  M.  Eugene  Chevandier,  1844.) 


Woods. 


Beech . 
Oak.... 
Birch... 
Poplar. 
Willow 


Composition. 


Carbon. 


percent 

49-36 
49.64 

50.20 

49-37 
49.96 


Hydrogen. 


percent. 
6.01 

6.20 
6.21 

596 


Oxygen. 


42.69 
41.16 
41.62 
41.60 
3956 


Nitrogen. 


Twigs  and  Branches  composing  the  Fagots — 


Beech  . 
Oak.... 
Birch.. 
Poplar. 
Willow 


Average  of  woods 
Average  of  fagots. 


5017 
49.96 

5124 

4950 
5154 


49.70 
50.46 


6.12 
6.02 
6.22 
6.09 
6.26 


6.06 
6.14 


40.38 
41.10 
40.17 

4043 
36.21 


percent. 
0.91 
1.29 

0.96 
0.96 


1.05 
1. 00 

I.OO 
1. 41 


AA. 


41.30 
3965 


1.05 
I. II 


1.80 
2.50 


I.OO 

1.97 

a8i 
1.86 

3-37  L 


1.77 
1.90 

1.32 

2.98 

4.57 


There  is  a  remarkable  nearness  to  identity  in  the  composition  of  these 
woods,  and  also  in  the  composition  of  the  trunk  and  the  branches. 

The  results  show  that  the  composition  of  woods  is  practically  as  follows:— 

Carbon 50  per  cent 

Hydrogen 6       „ 

Oxygen 41       „ 

Nitrogen i       „ 

Ash 2       „ 


100 


Showing  that  there  is  only  56  per  cent  of  combustible  matter,  that  there 
is  a  large  quantity  of  oxygen,  nearly  sufficient  to  neutralize  the  whole  of  the 
hydrogen,  and  that  there  is  only  2  per  cent  of  ash. 

The  above-mentioned  analysis  is  corroborated  by  the  analysis  of  M. 
Violette,  who  ascertained  the  composition  of  different  parts  of  the  same 
tree,  desiccated  at  a  temperature  of  80**  C.  or  1 76**  F.,  with  the  results 
given  in  the  following  table  No.  149: — 
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.bk  Na   149. — Composition   of  the  Various   Members 

OF  ONE  Tree, 

(From  Analysis  by  M.  Violette.) 


1 

Composition. 

Carbcm. 

Hydrogen. 

^S-g^^r       ^ 

percent. 

4501 

52-50 

48.36 

48.85 

49.90 

46.87 

48.00 

46.27 

48.92 

49.08 

49.32 

50.37 

47.39 
45.06 

percenL 
6.97 

7.31 
6.60 

6.34 
6.61 

5-57 
6.47 

5-93 
6.46 

6.02 

6.29 

6.07 

6.26 

5.04 

percent. 
40.91 

36.74 

44.73 
41.12 

43.36 
44.66 

45.17 
44.75 
44.32 
48.76 
44.11 
41.92 

46.13 
43.50 

percent. 
7.12 

3.45 
0.30 

3.68 

0.13 

2.90 

0.35 

2.66 
0.30 

1.13 
0.23 

1.64 

0.22 

501 

•            i  bark 

branches....  1^^^ 

,         1         bark 

m  branches  {^^ 

.         ,              bark 

blanches...  {^^^ 

( bark 

J  wood 

^^.              Jbark 

'^^ iwood 

(  bark 

«*'«>^ '  wood 1 

'oots  with  bark 

Averages: — 

45.01 
49.00 
48.66 
45.06 

6.97 
6.21 

6.45 
5-04 

40.91 
43.00 

44.64 
43.50 

7.12 
2.58 
0.25 

5.01 

roots  with  bark 

1 

it  appears  that  the  composition  of  the  wood  is  about  the  same 
mt  the  tree,  and  that  of  the  bark  also;  that  the  wood  and  the  bark 
>ut  the  same  proportion  of  carbon,  49  per  cent,  but  that  the  bark 
•e  ash  than  the  wood.  The  leaves  and  the  small  roots  have 
>on  than  the  wood, — only  45  per  cent;  and  more  ash, — 7  and  5 

• 

eaves  when  dried  at  loo**  C.  lost  60  per  cent  of  water,  and  the 
I  45  per  cent 

Composition  of  Ordinary  Firewood. 


■spective  percentages  of  the  constituent  elements  of  stacked  wood 
dinary  state  are,  of  course,  reduced  in  amount  when  the  water  is 
to  account  Thus,  in  the  following  analysis  of  ordinary  firewood, 
ig  25  per  cent  of  moisture,  the  carbon  constitutes  only  37.5  per 
hie  fuel : — 
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per 

Hygrometric  water 25 

Carbon 37.5 

Hydrogen 4.5 

Oxygen 30.75 

N  i  trogen o.  7  5 

Ash 1.5 


100.00 


Weight  and  Bulk  of  Wood. 

The  density  of  a  large  number  of  woods  has  already  been  given  in  H 
No.  65,  page  208.  These  values  can,  in  most  instances,  only  be  |^ 
as  approximate,  for  the  density  changes  with  the  hygrometric  conditk|| 
the  wood.  The  specific  gravity  varies  from  1.35,  that  of  pom^rail 
to  0.24,  that  of  cork  wood.  , 

The  density  of  the  ligneous  fibre  of  which  wood  is  formed,  has 
ascertained  by  M.  Violette,  from  a  great  number  of  observations, 
samples  of  wood  were  reduced  to  powder  in  a  mortar,  and  dried  i 
temperature  of  loo*'  C.  He  found  that  the  fibre  of  all  woods  had  thea 
density,  and  that  its  specific  gravity  was  1.50. 

It  is  said  that  the  quantity  of  intersticial  space  in  a  closely-packed  pfl 


Table  No.  150. — Of  the  Weight  and  Bulk  of  Woods  in  Franc 


Woods  in  ordinary  state  of  dryness. 


Firewood 

Wood  for  charring,  hard  and  soft,  cut  up 
Do.         do.       hard  wood,  cut  up... 

Oak,  cut  up 

Do.    branches 

Do.   small  branches 

Beech,  cut  up 

Do.     branches 

Do.     small  branches 

Yoke-elm,  cut  up 

Do.       branches 

Do        small  branches 

Birch,  cut  up 

Do.    branches 

Fir 

Alder,  cut  up 

Willow,  cut  up 

Aspen,  cut  up 

Pine  in  the  United  States 

Averages 


Weight  of  one 
cubic  foot,  heaped. 


pounds. 

21.9  to  23.4 

18.8 
23-4 

22.4  to  23.7 

19.8 

23-7 
19.0 

19.6 

23.1 

18.6 

21.1 
16.8 
16.0 

18.3 
18.0 

17.0 

21.0 


20.0 


Bulk  of 
one  ton,  hea^iei 


cubic  feet 

102.3  to  95 

II9.I 

95-7 
100  to  94.i 

1324 
1 13. 1 

94-4 

1 1 8.0 

114.2 

97.0 

120.3 

1 14.6 

1 06. 1 

1333 
1 40. 1 

122.4 

124.7 

131-4 
106.0 


1 14.0 
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consisting  of  uncloven  steins,  is  30  per  cent  of  the  gross  bulk ;  for 
stems,  the  intersticial  space  amounts  to  from  40  to  50  per  cent. 

cord  of  pine  wood, — that  is,  of  pine  wood  cut  up  and  piled, — in  the 
StateSy  measures  4  feet  by  4  feet  by  8  feet,  and  has  a  volume  of 

cubic  feet      Its  weight,  in  ordinary  condition,  averages  2700  lbs.;  or 
per  cubic  foot 

"ajrde"  of  wood,  in  France,  has  a  volume  of  4  cubic  metres,  or  141 

feet 

rood  is  measured,  in  France,  by  the  voie,  of  which  the  volume  is 
metres,  or  2  sthres.    As  the  length  of  the  billets  is  1.14  metres,  or 

feet,  the  hali'VaUy  oisth^e^  measures  1.14  metres  x  0.88  metre  x  i  metre, 
to  I  cubic  metre,  or  35.3  cubic  feet;  and  the  vote  is  equal  to  70.6 
feet  in  bulk.     TTie  weight  of  the  vaie  of  firewood,  in  Paris,  is  from 
750  kilogrammes,  or  from  1544  to  1653  lbs.,  averaging  1600  lbs. 
voif  of  wood  for  making  charcoal,  in  the  forests  of  the  Ardennes, 
1324  lbs. ;  it  consists  of  one-fourth  oak  and  beech,  one-fourth  poplar 
hnllowy  and  one-half  elm.     The  hard  wood  for  charring,  of  the  forests 
Meuse,  weighs  1653  lbs.  per  voie, 

above  and  other  particulars  given  by  M.  Chevandier  are  collected 
jed  in  table  No.  150,  showing  the  weight  and  bulk  of  ordinarily 


Quantity  of  Air  Chemically  Consumed  in  the  Complete 

Combustion  of  Wood. 

itcrais  of  the  average  percentages  of  carbon,  hydrogen,  and  oxygen,  in 
page  440,  the  quantity  of  air  consumed  is,  by  the  rule  i,  page  400, 

1.52  (50  +  3(6-^)  )=i.52  X  52.625  =  80  cubic  feet, 

o 

+  13.14  =  6.09  lbs. 

Gaseous  Products  of  the  Combustion  of  Wood. 

one  pound  of  dry  wood  the  products  are,  by  the  expressions  ( a ), 
(0,  page  401, 

Pkooucts.  Pounds.       Per  cent. 

Carbonic  acid, 50  x  .0366  =  1.83  or    21.7 

Steam, 6  x  .09       =0.54  or      6.4 

Nitrogen,....  (50  x  .o893)  +  (6  x  .268)  +  (i  x  .01)      =6.08  or    71.9 

Total  weight  of  products, 8.45       loo.o 

\%yi  lbs.  weight  of  products, 
volumes  of  the  products  at  62**  are,  by  the  expressions  {e),  (/), 

page  401, 

Pkoducts.  Cubic  feet.       Per  cent. 

Carbonic  acid, 50  x    .315  =  15.75  or    14.4 

iteam, 6x1.9     =  11.40  or    10.4 

Nitrogen, (50  x  1.206) +  (6  x  3.618)  =  82.01  or     75.2 


Total  volume  of  products  for  i  lb.  of  wood,  109.16       loo.o 
about  13  cubic  feet  per  }h.  weight  of  gaseous  products. 
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Total  Heat  ok  Combustion  of  Wood. 
The  total  heat  of  combustion  of  dry  wood  is,  by  rule  4,  page  406. 

145  (50  +  4.28  (^  -  ^) )  =  '45  ^  53.745  =  779*  units, 

which  is  a  little  more  than  half,  or  54^  per  cent,  of  that  of  coal,  11 
equivalent,  by  rule  8,  page  406,  to  the  evaporation  of  0.15  x  53.745  = 
lbs.  of  water  at  212°. 

When  the  wood  holds  25  per  cent  of  water,  there  is  only  75  per  oei 
three-quarter  pound  of  wood-substance  in  one  pound;  and  die  total 
of  combustion  is  75  per  cent  of  7792  units,  or  5844  units,  which  is 
41  per  cent  of  that  of  average  coal.  Similarly,  the  equivalent  evapoi 
power  is  reduced  to  6.05  lbs.  of  water  at  212^,  of  which  the  equiv. 
of  a  quarter  of  a  pound  is  appropriated  to  the  vaporizing  of  the  conti 
moisture. 

Temperature  of  the  Combustion  of  Wood. 

It  is  found,  in  the  manner  already  shown,  page  407,  that  2.136  units 
the  temperature  of  the  products  i''  F.  The  total  heat  of  combus 
7792  units -^2. 136  =  3648°?.;  and  3648  +  62  =  3710**  R,  is  the  tempec 
of  combustion. 

When  the  wood  holds  25  per  cent,  of  water,  the  weight  of  the  d 
products  is  75  per  cent  of  8.45  lbs.,  or  6.34  lbs.;  and  the  total  hej 
combustion  is  5844  units,  of  which  1116*'  (total  heat  of  steam) -^4  = 
units,  are  appropriated  to  evaporate  a  quarter  of  a  pound  of  water  from 
leaving  5844  -  279  =  5565  units  of  heat  available  for  raising  the  tempen 
of  the  gases.  To  raise  the  direct  products  one  degree  of  tempera 
there  are  required — 

Units. 
2.136  X  ^  =  1.602 

The    evaporated    water,    as    gaseous    steam,  ^ 

0.25  lb.  x.475  = J      *"^ 

Total  for  i**  F 1.721 

Then,  5565  -r  1.721  =  3234°  F.,  the  temperature  of  combustion.     It  is 
88.6  per  cent,  of  the  temperature  for  perfectly  dry  wood. 

In  order  to  obtain  the  maximum  heating  power  from  wood  as  fiid, 
the  practice,  in  some  works  on  the  Continent, — as  glass  works  and  pora 
works, — ^>vhere  intensity  of  heat  is  required,  to  dry  the  wood-fuel  thoroaj 
even  using  stoves  for  the  purpose,  before  using  it. 

WOOD-CHARCOAL. 

When  wood  is  exposed  to  heat  it  is  at  first  desiccated  and  after? 
carbonized.  Under  temperatures  up  to  300°  F.,  the  wood  is  simplv  i 
cated.  Under  temperatures  over  300**  the  gaseous  elements  are  dnvei 
until  at  650®  the  wood  yields  a  charcoal  which  is  black,  solid,  and  bi 
The  gases  are  not  completely  driven  off  except  under  much  higher  tei 
atures. 

Wood  charcoal,  completely  converted,  is  black,  solid,  brittle,  and  firi 
it  preserves  the  form  and  structure  of  the  wood  from  which  it  is  n 
Though  easily  pulverized,  it  makes  a  very  hard  powder. 
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lie  fi>Ilowing  are  the  results  of  the  experiments  of  M.  Violette  on  the 
onization  of  wood.      He  experimented  on  black  elder-wood,  formed 

prisms  2.4  inches  long  and  0.4  inch  in  diameter,  made  up  in  sets 
venty  prisms.  Each  set  was  dried  separately  at  a  temperature  of  300'', 
L  current  of  superheated  steam,  to  which  it  was  subjected  during 
hours.  The  carbonization  was  effected  by  the  same  medium,  at  least 
a  662®  F.;  and  in  crucibles  placed  in  a  furnace,  at  higher  temperatures. 

temperatures  arrived  at  when  in  the  furnace  were  checked  by  the 
ing  of  small  pieces  of  various  metals  placed  in  the  crucible  with  the 
lA^ 

be  table  No.  151  gives  the  weight  of  the  products  obtained  as  the  result 
obonization  at  the  given  temperatures : — 

!c  No.   151. — Yield   op    Charcoal   from    Black    Elder   Wood, 
Carbonized  at  Different  Temperatures. 

(By  M.  Violette.) 


■pcrature  of 
iboniiarioin 


0 
O 
O 
O 
O 
O 
O 
O 

o 

0 
0 
0 

o 


0 
0 

o 

0 
D 
3 
> 


Fahr. 

302*' 

320 

356 

374 
392 
410 

428 
446 
464 
482 
500 

518 
536 

554 

572 

590 
608 

626 

644 

662 

810 

1873 
2012 

2282 

2372 

2732 
? 


Weiglitof 

pross  product 

from 

dry  wood. 


percent. 
100 
98 

94.55 
88.59 

81.99 

77.10 

73.14 
67.50 

55.37 

50.79 
49.67 

40.23 
37.14 
36.16 

34.09 
33.61 

32.87 
32.23 

31.77 

31.53 
29.26 

18.87 

18.75 
18.40 

17.94 

17.16 

17-31 
15.00 


Observations. 


These  products  are  only  wood  more  and 
)       more  altered,  but  they  are  not  charcoal. 
They  are  called,  in  France,  br^lots. 


{Brown charcoal (charbon roux).  Commences 
to  be  friable. 


Very  black  charcoal. 

Melting  point  of  antimony.  Charcoal  very  hard. 


Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


silver.  Do. 

copper.  Do. 

gold.  Do. 

steeL  Do. 

iron.  Do. 

platinum.  Do. 


do. 
do. 
do. 
do. 
do. 
do. 


„J 
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From   this  table,   it  appears  that  charcoal,  properly  sa<alled,  a 
formed  until  a  temperature  of  536**  F.  is  reached.     From  536**  to 
brown  charcoal  (charhon  roux),  from  36  to  31^^  per  cent,  is 
Beyond  644^  F.  the  charcoal  is  black,  and  the  yield  diminishes 
increase  of  temperature,  until,  at  the  unknown  temperature  of 
platinum,  it  becomes  just  15  per  cent  of  the  weight  of  the  dried 
from  which  it  is  produced. 

Brown  charcoal  is  flexible,  unctuous,  and  soft  to  the  touch;  blad^ 
coal  is  rigid,  brittle,  and  harsh  to  the  touch. 

Composition  of  Charcoal. 

The  composition  of  these  charcoals  varies  with  the  temperatures  at 
they  are  produced,  as  may  be  seen  by  the  annexed  table,  No.  152, 
the  results  of  analysis  of  some  of  the  charcoals  obtained: — 


Table  No.  152. — Composition  of  Charcoal  Produced  at  Variow.. 

Temperatures. 

(By  M.  Violette.) 


Composition  of  the  Solid  Product 

Temperature 
of  Cartwnization. 

CarboB 

Oxygen, 

foranvcB   ' 

Carhon. 

Hydrogen. 

Nitrogen, 
and  Lots. 

Ash. 

wood. 

Centigrade. 

Fahrenheit 

per  cent. 

percent 

percent 

percent    \ 

percent 

150° 

302'' 

47.51 

6.12 

46.29 

0.08    ; 

47.51 

200 

392 

51.82 

3.99 

43.98 

0.23      I 

39.88 

250 

482 

65.59 

4.81 

28.97 

0.63 

32.98 

300 

572 

73-24 

4.25 

21.96 

0.57  ; 

24.61 

350 

662 

76.64 

4.14 

18.44 

0.61 

22.42 

432 

810 

81.64 

4.96 

15.24 

1. 61 

15.40 

1023 

1873 

81.97 

2.30 

14.15 

1.60 

15.30 

IIOO 

2012 

83.29 

1.70 

13.79 

1.22  1 

15.32 

1250 

2282 

88.14 

1.42 

9.26 

1.20    ! 

15.80 

1300 

2372 

90.81 

1.58 

6.49 

1.15 

15.85 

1500 

2732 

94.57 

0.74 

3.84 

0.66    ' 

16.36 

Melting  point 
of  platinum 

}- 

96.52 

0.62 

0.94 

1 

1.95 

14.47 

i 

9. 


.j.> 


^ 


From  this  table,  it  is  evident  how  materially  a  higher  temperature  operates 
in  driving  off  the  injurious  gases,  oxygen  and  nitrogen — injurious,  that  is, 
in  reducing  the  heating  power;  though  the  useful  gas,  hydrogen,  is  likewise 
driven  off — which  is  a  loss  for  heating  power.  The  carbon  and  the  ash, — 
the  solid  constituents,— on  the  contrary,  are  proportionally  increased.  At  the 
same  time,  there  is  an  absolute  loss  of  carbon,  though  less  in  degree  than  the 
diminution  of  the  gases,  as  the  temperature  rises.  The  rate  of  diminution 
of  the  absolute  quantity  of  carbon  for  a  given  weight  of  wood,  is  arrived  at 
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fDultipljing  the  percentages  of  constituent  carbon  in  the  second  table 

152)  by  the  relative  percentages  of  gross  products  in  the  first  table 

151)1  ^^^  ^  given  temperature,  as  given  in  the  last  column  of  the 

table.    Here,  the  absolute  quantity  of  carbon,  which  is  47.5  per  cent. 

ilk diy  wood  in  its  natural  state,  at  iso**  C,  is  reduced  to  15.4  per  cent., 

[flBC^hird,  at  432®  C.  or  810**  R;  and  beyond  this  temperature,  however 

lAe  heat  may  be,  there  is  practically  no  further  diminution  of  the  carbon; 

is  to  say,  that  no  more  carbon  is  driven  off  by  raising  the  temperature, 

I  gaseous  elements  alone  being  driven  off. 

It  is  remarkable  that  the  proportion  of  ash  found  by  M.  Violette  is 
from  I  to  2  per  cent,  whilst  the  ash  of  the  original  wood  averages 
per  cent;  for,  it  is  natiirally  supposed  that  the  whole  of  the  ash  should 
concentrated  in  the  charcoal,  and  should  average  7^  per  cent,  suppos- 
that  the  yield  of  charcoal  is  one-fifth  the  weight  of  wood.     The  ash- 
it  must  have  been  withdrawn  with  the  gases  that  escaped  during  the 
of  carbonization.     It  is  found  that,  practically,  the  ash  of  the  char- 
cod  of  commerce  amounts  to  from  7  to  8  per  cent 

According  to  M.  Sauvage,  the  charcoal  manufactured  in  the  forests  is 
composed  as  follows: — 

Carbon, 79  per  cent 

Hydrogen,  free 2 

Hydrogen,  oxygen,  and  nitrogen, 11 

Ash, 8 
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100 


Yield  of  Charcoal  by  Laboratory  Analysis. 

M,  Violette  ascertained  that  the  greater  or  less  rapidity  with  which 
carbonization  is  effected  influence  materially  the  quantity  of  the  yield. 
He  obtained  by  slow  carbonization  twice  as  much  charcoal  as  by  rapid 
carbonization,  at  the  same  temperature;  but  he  does  not  give  the  details  of 
the  experiments  by  which  he  arrived  at  this  conclusion. 

He  further  found  that  when  wood  was  carbonized  in  close  vessels 
hermetically  sealed,  the  yield  was  decidedly  greater  than  in  open  vessels, 
thus: — 

Tcmpenture  of  Carbonuation.  In  Open  Vessels.  In  Closed  Vessels. 

yield.  yield. 

160' C.  or  320' F.  97  per  cent  97.4  per  cent 

340**  C.  or  644*  F.  29   „    79.1   „ 

The  charcoal  obtained  at  180*  C,  in  a  close  vessel,  was  brown,  friable, 
and  similar  to  that  produced  at  280**  C.  in  an  open  vessel  (table  No.  151); 
though  differently  constituted,  as  the  former  held  a  greater  proportion  of 
gaseous  matter,  and  also  more  ash  than  the  latter. 

Finally,  M.  Violette  ascertained  by  experiments,  similarly  conducted  in 
open  vessels  with  superheated  steam,  the  quantity  of  charcoal  for  various 
woods  and  other  ligneous  substances,  dried,  in  the  first  place,  at  150''  C.  or 
302*  F.,  and  then  exposed  to  a  temperature  of  300**  C.  or  572**  F.  These 
arc  ainmged  in  table  No.  153,  in  the  order  of  the  quantities  yielded: — 
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Table  No.  153. — ^Yield  of  Charcoal  from  Various  Woods 
AT  150°  C,  or  302°  F.,  AND  Carbonized  at  300"*  C,  or  55 

(By  M.  Violette. ) 


Wood. 


Cork 

Decayed  Willow. 

Wheat  straw 

Oak 

Yew 

Beech 

Pine 

Poplar  (leaves).., 
Do.     (roots).... 

Wild  pine 

Larch 

Chestnut  tree  . . . . 

Cherry  tree 

Aspen  


Weight      ; 

of  Charcoal. 


Wood. 


per  cent. 
62.80 

52.17 
46.99 

46.09 

46.06 

44.25 
41.48 

40.95 
40.90 

40.75 

40.31 
36.06 

35-53 
34.87 


of( 


Apple  tree 

Elm 

Hornbeam 

Alder 

Birch 

Plum  tree 

Maple 

Willow 

Black  elder 

Ash 

Pear  tree 

Lime  tree 

Poplar  (stem) 

Sweet  chestnut  tree. 


3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 


It  appears  from  this  table  that  cork,  the  lightest  of  woods,  yi 
largest  percentage  of  charcoal,  about  63  per  cent;  and  that  po| 
sweet  chestnut  tree  yield  the  lowest,  about  31  per  cent.  But  th 
not  appear  to  be  any  definite  relation  between  the  density  of  the  "w 
the  quantity  of  the  yield. 

Carbonization  of  Wood  in  Stacks — Yield  of  CHARCOi 

Wood  has  been  carbonized,  from  the  remotest  times,  in  heaps 
ground;  and  this  process  is  still  generally  followed  on  the  Continei 
stack  or  pile  is  covered  with  a  mixture  of  earth  and  powdered  cha 
with  turf.  A  few  openings  are  left  in  the  covering  to  admit  ai 
interior,  as  well  as  a  larger  opening  at  the  summit.  When  the  st2 
it  burns  rapidly,  and  so  soon  as  flame  appears  at  the  chimney  it  is 
damped  down  by  a  turf.  The  progress  of  carbonization  is  indicate 
colour  of  the  smoke,  and  when,  finally,  the  mass  becomes  incand( 
is  covered  up  with  earth  and  allowed  to  cool.  By  this  process,  the 
obtained  usually  amounts  in  weight  to  from  1 7  to  20  per  cent  of  tl 
and  to  more  than  this  in  the  larger  heaps.  From  25  to  30  per 
volume  is  obtained  in  the  small  heaps,  and  from  30  to  34  per  cer 
larger  heaps.  The  charring  requires  from  sixty  to  eighty  hours  to 
a  good  quality  of  charcoal. 

In  the  departments  of  the  Ardennes  and  the  Meuse,  in  France,  a 
to  M.  Sauvage,  the  following  are  the  particulars  of  the  peld  of 
from  wood.     In  the  case  of  the  Ardennes,  the  wood  prepared  foi 
ization  is  a  mixture  of  one-fourth  oak  and  beech,  one-fourth  po; 
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ind  one^ialf  dm.  In  the  example  from  the  Meuse,  hard  wood  is 
rhe  billets  are  about  30  inches  in  length;  they  are  piled  on  end,  in 
IS.  The  stack  contains  from  60  to  90  cubic  metres^  or  from  80  to 
ic  yards: — 

Ardennes.  Meuse. 

Mixed  wood.  Hard  wood. 

}f  a  cubic  metre  of  wood,. . .  662  lbs.  82  7  lbs. 

f  a  cubic  metre  of  wood, )       ,,^  .^  , .  -  ikc  ,».#; 

jgljt^ I      132  to  145  lbs.  176   „ 

a  cubic  metre  of  wood, )  ,^w  .^  ,,  w  _  ,    n.     *     *.  u  /v 

'  >  ipJ4  to  iij^  cub.  ft     12  to  14  cub.  ft 

ige  of  yield,  in  weight, 20  to  2 2  per  cent  2 1  per  cent 

)f  a  cubic  metre  of  char- )  ^    ,,  ^  „ 

heaped) |  ^^^o  lbs.  530  lbs. 

rious,  from  the  small  percentages  of  yield,  averaging  21  per  cent 
[nixed  woods  and  the  hard  wood,  that  much  of  the  substance  of 
d  is  lost,  which  would  by  a  better  system  of  carbonization  be 
IS  charcoal.  According  to  the  table  No.  153,  the  maximum  yield 
le  from  the  mixed  woods  is  38  per  cent;  and  from  the  hard  woods 
of  40  per  cent 

Manufacture  of  Brown  Charcoal. 

»st  method  of  making  brown  charcoal  consists  in  heating  the  wood 
irred  in  a  close  vessel,  by  means  of  superheated  steam  introduced 
vessel.  The  required  temperature  is  thus  readily  obtained,  and  a 
eous  product  is  yielded.  This  process  was  introduced  by  Messrs. 
&  Laurens,  and  is  successfully  employed  in  France  and  Belgium 
XKluction  of  brown  charcoal  for  die  manufacture  of  gunpowder, 
y  for  fowling-pieces. 

Distillation  of  Wood. 

stillation  of  wood  in  close  vessels  affords  evidence  of  the  increased 
charcoal  obtainable  by  more  careful  treatment  than  in  the  open- 
In  France,  the  wood  is  distilled  in  large  iron  cylinders  or  retorts 
>f  holding  about  180  cubic  feet  of  wood,  as  piled;  and  the  opera- 
ompleted  in  from  seven  to  eight  hours.  By  this  process,  28  per 
±arcoal  is  obtained,  with  the  products  of  distillation  in  addition. 
'.  per  cent  of  wood  is  consumed  as  fuel,  making  a  total  of  11 2  J^ 
nrood  for  a  yield  of  28  parts  of  charcoal;  which  reduces  the  avail- 
i  to  25  per  cent,  of  the  whole  quantity  of  wood  consumed,  as 
I  per  cent  in  the  open-air  stacks  of  hard  wood.  There  is  a  gain, 
3n,  in  reduced  cost  of  labour,  and  in  the  value  of  the  yield  of 
ous  acid.  The  gases  are  directed  into  the  furnace  to  aid  as  fuel 
I  the  retorts. 

Charbon  de  Paris  (Artificial  Fuel). 

w  d^  Paris y  or  Paris  charcoal,  is  a  mixture  of  two  parts  of  powdered 
with  one  part  of  gas-tar,  formed  by  powerful  compression  into 

20 
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round  pieces  4  inches  long  and  i^  inch  in  diameter,  and  sobrntti 
a  high  temperature.  It  takes  fire  easily,  and  bums  slowly  until  it  is  eo 
consumed,  without  making  flame  or  smoke;  it  makes  from  20  to  2 
cent,  of  ash. 

Weight  and  Bulk  of  Wood-Charcoau 

It  does  not  appear  that  the  density  of  wood-charcoal,  as  manu&c 
has  been  accurately  determined.  M.  Violette  determined  the  deu 
the  matter  of  the  charcoal  of  black  alder,  reduced  to  impalpable  (n 
so  as  to  extinguish  the  pores.  It  varied  according  to  the  tempera! 
carbonization,  as  shown  in  table  No.  154: — 

Table  No.  154. — Absolute  Density  of  the  Charcoal  of  Black  / 

Dried  at  212**  R,  as  Powder. 

(By  M.  Violette.) 


Temperature  of  Carbonization. 

Specific 
gravity. 

Temperature  of  Carbonization. 

gn 

Centigrade. 

Fahrenheit. 

1 

Centigrade. 

Fahrenheit. 

150° 

302° 

1.507 

330° 

626^ 

170 

338 

1.490 

350 

662 

190 

374 

1.470 

432 

810 

210 

410 

1.457 

1023 

1873 

230 

446 

1. 416 

1250 

2282 

250 

482 

I.413 

1500 

2732 

270 

518 

1.402 

(  Fusing  point  ] 

290 

554 

1.406 

? 

<   oftheplati-  > 

2. 

310 

590 

1.422 

(  num  retort,  j 

The  table  shows  that  the  density  at  302''  R,  and  of  course  at 
temperatures,  is  that  of  the  natural  wood,  dried  at  100°;  that  the  dei 
the  charcoals  produced  at  from  302°  R  to  518°  F.  was  reduced 
increasing  temperature  from  1.507  to  1.402. 

The  table  shows  briefly  as  follows : — 

1.  That  the  density  of  the  charcoal  at  302°  R,  is  that  of  the 
wood  dried  at  212"^,   namely  1.507. 

2.  The  density  of  the  charcoals  produced  at  from  302°  F.  to  518° 
reduced  from  1.507  to  1.402. 

3.  The  density  at  temperatures  above  518*'  R  increases  with  the 
ature  until  it  reaches  2.000,  or  double  that  of  water,  at  the  meltin 
of  platinum. 

The  specific  gravity,  weight,  and  bulk  of  various  charcoals  are  £ 
table  No.  65,  page  211,  and  they  are  here  abstracted  for  reference— 
mented  by  the  weight  and  bulk  of  the  charcoal  of  the  Ardennes  1 
Meuse,  derived  from  the  data,  page  449 : — 
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roOD  CBAKa>AL. 

Specific  gravity. 

Weight  of 
a  cubic  foot 

Bulk  of  one  ton. 

1.500 
0.405 
0.225 

pounds. 

93.5 

25-3 
14.0 

cubic  feeL 
24.0 

88.5 
160.0 

eces,  heaped 

ctured,  heaped 

heaped 

\ped 

0.201 
0.241 

12.5 
15.0 

180.0 
149.0 

Moisture  in  Wood-Charcoal. 

ibsorbs  moisture  with  avidity.  The  charcoal  of  commerce  is 
sed  to  the  atmosphere,  and  open  to  rain;  and  it  contains 
m  10  to  12  per  cent  of  moisture. 

fresh  made,  from  different  woods,  was  exposed  by  M.  Nau,  for 
lours,  to  an  atmosphere  loaded  with  moisture,  and  the  weights 
y  absorbed  during  that  time  are  given  in  the  following  table, 


^o.  155. — Moisture  Absorbed  by  Charcoals  during 

Twenty-four  Hours. 

(By  M.  Nau.) 


ich  the  Charcoal 
Doade. 


h 


Mobture 
Absorbed. 


per  cent. 
0.8 
4.06 
4.28 
4.40 

4-50 
4.80 

5-14 
5-30 


Wood  from  which  the  Charcoal 
was  made. 


Horse  chestnut. 

Elm 

Alder 

Scotch  fir , 

Willow 

Italian  poplar.. 

Fir , 

Black  poplar. . . . 


Moisture 
Absorbed. 


percent. 
6.06 
6.60 

7-93 
8.20 

8.20 

8.50 

8.90 

1-6.30 


ipacity  for  absorption  varying  from  0.8  to  16  per  cent 

un  that  the  period  of  exposure  was  not  sufficiently  long  to 

charcoals.     For  charcoals  have  been  known  to  absorb  increas- 

s  of  moisture  during  three  months. 

:e  made  some  observations  on  the  capacity  for  moisture  of 

lich  had  been  prepared  from  black  alder  at  various  temper- 

i  samples  were  exposed  in  a  room  the  air  of  which  was  satur- 

oisture.     Observations  were  made  every  eight  days,  and  they 

months — ^until  the  charcoals  ceased  to  absorb  more  moisture. 

^w  that  charcoal  is  less  absorbent  the  higher  the  temperature 

8  produced.     The  ordinary  black  charcosds,  produced  at  tern- 
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peratures  of  from  480°  to  750°  R,  are  capable  of  absorbing  fix>m  5  to)  p^ 
cent  of  water;  and  taking  the  extreme  observations,  the  absorption  tangfC*  ■-] 
from  21  to  2.2  per  cent  between  the  extreme  temperatures.    At  thelo*^'^ 
temperatures,  of  course,  the  charcoal  was  only  partially  converted 

Air  Consumed  in  the  Complete  Combustion  of  Dry  Wood-CharcoaX— 

According  to  the  analysis  of  M.  Sauvage,  page  447,  there  is  79  per  cenC' 
of  carbon,  and  2  per  cent,  of  free  hydrogen,  in  forest-chaicoaL    By  fOTmnto-  :^ 
( I ),  page  400,  the  volume  of  air  at  62°  F.  chemicaUy  consumed  in 
complete  combustion  of  one  pound  of  charcoal,  is 

1.52  {79 +  (3  X  2)  )  =  129  cubic  feet  of  air  at  62**. 

The  weight  of  the  air  is  129-7-13.14  -  9.8  pounds. 

Gaseous  Products  of  the  Complete  Combustion  of  Dry 

Wood-Charcoal. 


The  gaseous  products  of  combustion  consist  of  carbonic  add, 
and  nitrogen,  and  the  total  weight  of  them  is  found  by  formula  (2),  pige 
401,  as  follows: — 

{79  X  0.1 26)  +  (2  X  0.356)  =  10.66  pounds. 
The  total  volume  of  the  gases,  as  at  62°,  by  formula  (3),  page  402,  is, 

(79  X  1.52)  +  (2  X  5.52)  =  131  cubic  feet  at  62^ 

Heat  Evolved  by  the  Complete  Combustion  of  Wood-Charcoal. 

The  total  heating  power  of  dry  wood-charcoal,  having  79  per  cent  of 
carbon  and  2  per  cent  of  free  hydrogen,  is  by  formula  (6),  page  406: — 

145  (79-^(4.28  X  2)  )=  12,696  units  of  heat 

The  total  evaporative  efficiency  is,  by  formula  (8),  page  406, 

0.15  (79 +  {4.28  X  2)  )  =  13.13  pounds  of  water, 

evaporated  from  212°,  under  one  atmosphere. 

For  charcoal  containing  moisture  the  heating  power  is  less,  and  may  be 
estimated  in  the  manner  already  adopted  in  the  case  of  coke. 

PEAT. 

Peat  is  the  organic  matter,  or  vegetable  soil,  of  bogs,  swamps,  and 
marshes, — decayed  mosses  or  sphagnums,  sedges,  coarse  grasses,  &c, — ^in 
beds  varying  from  i  or  2  feet  to  20,  30,  or  40  feet  deep.  The  peat 
near  the  surface,  less  advanced  in  decomposition,  is  light,  spongy,  and 
fibrous,  of  a  yellow  or  light  reddish -brown  colour;  lower  down,  it  is  moit 
compact,  of  a  darker  brown  colour;  and,  in  the  lowest  strata,  it  is  of  a 
blackish  brown,  or  almost  a  black  colour,  of  a  pitchy  or  unctuous  fed, 
having  the  fibrous  texture  nearly  or  altogether  obliterated. 

Peat,  in  its  natural  condition,  generally  contains  from  75  to  80  per  cent 
of  its  entire  weight,  of  water.     The  constituent  water  occasionally  amounts 
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B  Sj  or  even  to  90  per  cent.,  in  which  case  tiie  peat  is  of  the  consistency 
of  mire.  It  shrinks  very  much  in  drj'ing;  and  its  specific  gravity  \arics 
fam  .12  Of  .34  to  1.06,  the  surface  peat  being  the  lightest,  and  the  lowest 
fat  the  deosesL  Detailed  particulars  of  the  weight  and  specific  gravity  of 
paC  are  given  at  page  307. 

Table  Na  156. — Chemical  Composition  of  Irish  Peat, 
TAKBN  AS  Perfectly  Dry. 

(Sir  Robert  Kane,] 


^^T.            "" 

Specific 

Cibor, 

Mydrcg™. 

Cygcn, 

Nilrog™, 

,0. 

1  L  Light  surftee,  PhUipsiown.... 
;).Ritbcr  dense,  do.  .... 
,  }  Lighl  siirfcce,  Wood  of  AUcn 

4.  Cfvnpict  and  dense,   do. 

>  Light  fibroiu,  Tickoevin   

i.  Light  fibroos,  Upper  Shannon 

J.  Very  denie,  compact,  do. 

40s 
669 

m 

SS3 

57-53 
58.56 
58.30 
,  56-34 

:  58.50 
58-53 

1   59-42 

perccni. 
6-83 

P 

6-53 
5-73 
5-49 

pcrcinL 
32.23 
31.40 
31.36 
30.30 
3050 
32-32 
30.50 

' 

1' 

'4 

p.  rani. 
1-99 
3-30 
2.74 

It 

2-47 

2-97 

.AvcragM 

.5^8 

58.  .8 

5.96 

31-" 

1.23 

3-43 

T»bleNo.  157. — Composition  of  Sundry  Peats,  including  Moisture. 
First,  Exclusive  of   Moistuke. 


DncmrrKm  or  Put. 

Moixm. 

C«b-. 

Hydrog. 

Oiyg™.[N;m«- 

SulpSur. 

A^ 

Coke. 

Gaad«it-dried. 

Poerair^lried 

Dense,  from  G«lway 

pcrcnt. 

percent, 

5*5 

6.0"" 

4-3 

7-2 

M.8        2.3 

J 

p.™. 
5-4 

44-3 

Averages 

- 

59.6 

5.8 

29.6 

.3 

4-7 

- 

Good  lir-dried 

Denie,toaiGiliniy 

Secon 
24-3 
29-4 
»9-3 

D,  Inclusive  0 

4S-3       4.6 
43-1       3.1 
42.0       5.1 

r  Moisture. 

24.1              — 
17.5   1    1.7    1     -6 

1-8        - 
3-5       3i-3 

Avenges 

»7.8 

43-1    1    4.3 

11.4          1      -* 

3-3        — 

ffbcowet,  peat  is  masticated,  macerated,  or  milled,  so  that  the  fibre  is 
boken,  crushed,  or  cut  The  contraction  in  drying  is  much  increased  by 
dai  treatmenti  and  the  peat  becomes  denser,  and  is  better  consolidated 
Am  irtten  it  is  dried  as  cut  from  the  bog.  Feat  so  prepared  is  known  a$ 
feat,-  and  the  degree  of  condensation  varies  according  to  the 
eaviness  of  the  peat  Feat  from  the  lowest  beds  is  but  little 
but  peat  from  the  middle  and  upper  beds  is  condensed,  when 
iif,  to  from  two  to  three  times  its  natural  density.  So  effectively  is  peat 
~  and  condensed  by  the  simple  process  of  breaking  the-fibrea 
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whilst  wet,  that  no  merely  mechanical  force  of  compression  is  eqoil  ii 
efficiency  to  mastication. 

The  table  No.  1 56  contains  the  results  of  chemical  analysis  of  Irish  pot 
of  various  qualities  by  Dr.  Kane;  the  samples  were  desiccated  before  bai|j 
submitted  to  analysis. 

Mr.  A.  McDonnell  gives  the  composition  of  average  "  good  air-dried*^ 
peat  and  "  poor  air-dried  "  peat,  analyzed  by  Dr.  Reynolds,  as  in  taUe 
No.  157;  to  which  are  added  an  analysis  of  dense  peat  from  Galway,  made 
by  Dr.  Cameron: — 

From  the  above  tables,  it  appears  that  sulphur  is  rarely  found  in  Inh 
peat,  and  that  the  average  composition  of  the  peat  is  as  follows: — 

percent  per  cenL 

Carbon 59  44 

Hydrogen 6  4.5 

Oxygen 30  22.5 

Nitrogen i}(  i 

Sulphur ?  ? 

Ash 4  3 

100  75 

Moisture 25 


100 


Ordinary  air-dried  peat  contains  from  20  to  30  per  cent  of  its  fffM 
weight  of  moisture.  If  dried  in  air  in  the  most  effective  manner,  it  contain 
at  least  15  per  cent,  of  moisture;  and  even  when  dried  in  a  stove,  it  seldoa 
holds  less  than  7  or  8  per  cent. 

The  peats  named  in  table  No.  156  were  subjected  to  distillation,  wfaen 
they  yielded  water,  tar,  charcoal,  and  gas,  in  the  proportions  shown  in 
table  No.  158:— 


Table  No.  158. — Products  of  Distillation  of  Irish  Peat. 


Description  and  Locality  of  Peat 

Water. 

Crude  Tar. 

Charcoal 

Gas. 

Nos.  I  and  2,  Philipstown 

99               3>  Wood  of  Allen 

„               4,            do.          

„                5,  Ticknevin 

, ,               6,  Upper  Shannon 

7,              »             

Averages 

percent. 
23.6 

32.3 
33.1 
33.6 

38.1 
21.8 

percent. 
2.0 

3.6 
2.8 
2.9 

1-5 

percent. 

37.5 

391 
32.6 

31. 1 
21.8 

19.0 

perccflt 

36.9 
25.0 

26.5 
323 

3S-7 
57.7 

31-4 

2.8 

29.2 

36.6 

The  tar,  when  re-distilled,  yielded  water,  paraffine,  oils,  charcoal,  and  gtt. 
The  water  yielded  chloride  of  ammonium,  acetic  acid,  and  wood-spirit 
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Power  of  Irish  Peat, — In  peat  of  average  composition,  as  given 
ve»  the  heating  power  is  by  rule  4,  page  406, 

fectlydiy, 145  (59  +  428  (6-^))  =  9951  units  of  heat; 

J^^C^.r.'  }  '45  (44  +  4.^8  (4.5  -  ?M) )  =  7435  units  of  heat 

Deduct  for  evaporating  the  moisture,   ^   lb., 

supplied  at  62°;  iii6**h-4 =   279    do.      do. 

Effective  heating  power 7156    do.      do. 

rhe  total  evaporative  power  of  i  lb.  of  fuel,  evaporating  at  212°,  is 
follows: — 

Perfectly  dry.  Containing  «  per 

'      '  cent,  of  moisture. 

lien  water  is  supplied  at  62°,  divisor  11 16**...  8.91  lbs.  6.41  lbs. 

Do.  do.         212°,    do.       966**...  10.30  lbs.  7.41  lbs. 

British  and  foreign  peats  are  very  much  like  Irish  peat  in  composition ; 
principal  variation  takes  place  in  the  proportion  of  ash. 


PEAT-CHARCOAL. 

fhe  charcoal  of  ordinary  dried  peat  is  very  porous,  and,  in  general,  light 
[  fragile;  but  the  charcoal  of  condensed  peat  is  dense  and  solid.  It 
DS  easily  but  slowly :  small  incandescent  pieces  separated  from  the  fire 
tinue  to  bum  undl  the  whole  of  the  carbon  disappears.  Good  peat 
ds  from  30  to  40  per  cent  of  charcoal;  and  the  charcoal  when  perfectly 
consists  generally  of  from  85  to  90  per  cent  of  carbon,  and  10  to  15 
cent  of  ash. 

rhe  heating  power  of  one  pound  of  peat -charcoal,  containing  85  per 
t  of  carbon,  by  rule  4,  page  406,  is,  145  x  85  =  12,325  units  of  heat; 
ivalent  to  the  evaporation,  at  212**,  of  1 1.04  lbs.  of  water  supplied  at  62% 
rf  12.76  lbs.  supplied  at  212°.  The  temperature  of  combustion  is  that 
caibon,  4877**  F. 

In  France,  the  peat-charcoal  of  Essonne  contains  18.2  per  cent  of  ash. 
the  Ardennes,  Bar  peat  carbonized  in  ovens  yields  44  per  cent  of  char- 
il;  but  this  contains  one-third  volatile  matter,  one-fourth  ash,  and  only 
per  cent  of  carbon. 

TAN. 

Tan,  or  oak-bark,  after  having  been  used  in  the  processes  of  tanning,  is 
ned  as  fiieL  The  spent  tan  consists  of  the  fibrous  portion  of  the  bark, 
xoiding  to  M.  Pedet,  five  parts  of  oak-bark  produce  four  parts  of  dry 
i;  and  the  heating  power  of  perfectly  dry  tan,  containing  15  per  cent  of 
b, is 6100  English  units;  whilst  that  of  tan  in  an  ordinary  state  of  dryness, 
Btaining  30  per  cent  of  water,  is  only  4284  English  units.  The  weight 
water  evaporated  at  212°  by  one  pound  of  tan,  equivalent  to  these  heat- 
;poweiS|  is  as  follows: — 


45*  FUELS.— STRAW,  LIQUID  FUELS. 

Pafcctfldrr.  ■^'SSS.^ 

Water  supplied  at  6a° 5.46  lbs.  3.84  lbs. 

»  >.        ^iz" 6.31  „  4.44  „ 

STRAW. 
The  average  tomposilion  of  wheat-straw  is  as  follows: — 


Water 14.13  percenL 

Organic  or  combustible  matter;  consisting  of  1     „ 

carbon,  hydrogen,  oxygen,  and  nitrogen..  J  '  '^°       " 
Ash '. 7.47       ., 


Chemists  have  not,  so  far  as  the  author  has  learned,  thought  it 
while  to  record  the  proportions  of  the  organic  elements.     But  it  n 
supposed  that  the  composition  of  straw  is  similarly  proportioned  to  lluC 
peaL    The  weight  of  pressed  straw  is  from  6  to  8  lbs.  per  cubic  foot 

LIQUID  FUEl^ 

PeireleuM  is  a  hydro-carbon  liquid  which  is  found  in  abundance  il 
America  and  Europe.  According  to  the  analysis  of  M.  SaintcOli 
Deville,  the  composition  of  fifteen  petroleums  from  different  sources  « 
found  to  be  practically  constant.  The  average  specific  gravity  was  .tji 
The  extreme  and  the  average  elementan'  composition  were  as  foUows.'- 

Carbon 8z.o  to  87.1  per  cent.     Average  84,7  percenL 

Hydrogen 1 1.2  to  14.8        „  „         i3.t 

Oxjrgen 0.5  to    5.7       „  „  i.a       „ 


The  total  heating  and  evaporative  powers  of  one  pound  of . 
having  this  average  composition  are,  by  rules  4  and  5,  page  406,  H 
follows: — 

Total  heating  power =  145  {84.7 -H 4.28  {13.1  -  -^))  =  20,140 unitt  I 

Evaporative  power :  evaporating  at  2 1 2°,  water  supplied  at  62°  =   1S.13  lbs. 
Do.  do.  do.         212°=   20.33  "•*■ 

PdroUunt-Oih  are  obtained  in  great  variety  by  distillation  from  pAO' 
leum.  They  are  compounds  of  carbon  and  hydrogen,  ranging  from  Cn  H^ 
to  Cj,  Hj,;  or,  in  weight, 

fmm  / '^-4*  *^'^"     Itoi"-"  carbon 
'""" \  18.58 hydrogen  ]^\  36.23  hydrogen 


r 
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The  specific  gravity  ranges  from  .62S  to  .792.  The  boiling  point  raii-cs 
from  86'  to  495''  F.  The  total  heating  power  ranges  from  28,087  ^o 
26,975  units  of  heat:  equivalent  to  the  evaporation,  at  212°,  of  from 
»5.i7  lbs.  to  24.17  lbs.  of  water  supplied  at  62°,  or  from  29.08  lbs.  to 
37.92  lb&  of  water  supplied  at  212^ 

Schist 'Oily  like  paraffine,  consists  of  carbon,  hydrogen,  and  oxygen;  but 
there  is  less  hydrogen  and  more  oxygen,  as  may  be  seen  from  the  following 
analysis  by  St -Claire  Deville : — 

From  From 

Vagoas  Schist.     Autun  SchisL 

Carbon 80.3  79.7 

Hydrogen 11. 5  11. 8 

Oxygen 8.2  8.5 


loo.o 


1 00.0 


Fine-wood  Oil^  analyzed  by  the  same  chemist,  contains  87.1  per  cent. 
;  0f  carbon,  10.4  per  cent  of  hydrogen,  and  2.5  per  cent  of  oxygen. 

COAL-GAS. 

.\ccording  to  Mr.  Owen  C.  D.  Ross,^  coal  gas,  of  the  specific  gravity 
420,  supplied  by  the  Chartered  Gas  Company,  London,  is  composed  as 
follows: — 


Coax.-Gas  (Chartered  Gas  Company). 


Illuminating  hydro-carbons,  or  olefiant ) 

gas  (bi-carburetted  hydrogen  C4  H4)  ) 

Maursh  gas  (carburetted  hydrogen  C,  H4) 

Carbonic  oxide 

Hydrogen 

Nitrogen 

Oxygen 


Carbon. 


Hydrogen. 


per  cent. 

3.096 

26.445 
3.840 


33-^381 


percent. 

•434 

8.815 

5.110 

51.800 


66.159 


Total. 


per  cent 

3-530 

35.260 
8.950 

51.800 
.380 
.080 


100.000 


The  total  heating  power  of  one  pound,  or  31.3  cubic  feet  at  62**,  of  this 
gas  is,  by  rule  4,  page  406,  45,900  units :  equivalent  to  the  evaporation  at 
m*of  41.12  lbs.  of  water  supplied  at  62°,  or  47.51  lbs.  at  212**  Of 
one  cable  foot,  the  total  heating  power  is  1466  units  of  heat;  and  the 
equivalent  evaporative  powers  are  1.3 1  and  1.52  lbs.  of  water.  It  is 
doubtful  whether  the  power  of  average  coal-gases  is  so  great  as  is  here 
ttated.  Mr.  Vernon  Harcoiut  made  an  analysis  of  coal-gas,  and  the  com- 
position was  as  on  following  page  -? — 

*See  »  paper  on  "  Petroleum  and  other  Mineral  Oils,  applied  to  the  Manufacture  of  Gas," 
by  Mr.  Owen  C  D.  Ross,  in  the  Proceaiings  of  the  Institution  of  CrvU  Engineers^  voL  xl. 
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Olefiant  gas 

Marsh  gas 

Carbonic  oxide... 
Carbonic  dioxide. 

Hydrogen 

Nitrogen 

Oxygen 


Carbon. 

Hydrosen. 

1 

percent. 

percent. 

percenL 

lo-S 

1-7 

— 

39-7 

13.2 



5-9 

— 

7-9 

1.9 

S-o 

8.1 



58.0 

23-0 

1 


One  pound  of  this  gas  had  a  volume  of  30  cubic  feet  at  62^  I 
heating  power  of  one  pound  is  about  22,684  units;  and  of  one  cul 
756  units,  which  is  equivalent  to  the  evaporation  of  .68  pound  of  wal 
62**,  at  212**  F.;  or  of  .78  pound  from  212°  per  cubic  foot  of  gas. 


APPLICATIONS   OF    HEAT. 


This  section  on  the  applications  of  heat  comprises  the  principles  of  the 

»ion  of  heat  through   solid   bodies.     The   consideration  of  the 

don  of  the  heat  of  furnaces  for  the  generation  of  steam  in  boilers 

be  taken  up  in  the  section  on  steam-boilers.     In  the  present  section, 

subjects  dealt  with  relate  to  the  heating  and  evaporation  of  water  by 

the  condensing  of  steam  by  water,  the  heating  of  air  by  hot  water 

b]r  steam,  the  warming  and  ventilation  of  buildings,  distillation,  cooling, 

I,  blast-furnaces,  and  cognate  subjects. 

TRANSMISSION  OF  HEAT  THROUGH  SOLID  BODIES— 
FROM  WATER  TO  WATER  THROUGH  SOLID  PLATES 
OR  BEDa 

With  a  view  to  educe  the  general  principles  of  the  transmission  of  heat 
through  solid  bodies,  M.  Peclet  made  a  series  of  experiments  on  the  trans- 
iiissioD  of  heat  through  plates  of  metal,  heated  on  one  side  by  heated  water, 
lod  cooled  on  the  other  side  by  water  at  a  low  temperature.     He  found 
fiom  experiments  made  with  wrought  iron,  cast  iron,  copper,  lead,  zinc,  and 
tb,  that  when  the  fluid  in  contact  with  the  surface  of  the  plate  was  not 
doited  by  artificial  means,  the  rate  of  conduction  of  metals  was  not  only 
tbe  same  for  dififerent  metals,  but  also  for  different  thicknesses  of  the  same 
netaL     Correcdy  ascribing  this  uniformity  of  performance  to  the  presence 
of  a  stagnant  film  of  water  adhering  to  the  surfaces  of  the  plates,  which,  by 
its  inferior  conductivity,  neutralized  in  a  greater  or  less  degree  the  conduc- 
tivity of  the  plates  themselves,  he  made  a  new  series  of  experiments  with 
lead    plates,   in  which    the  water  wbs    thoroughly   circulated   over    the 
saifice;  and  he  found  that  the  quantity  of  heat  transmitted  through  the 
plates  was  inversely  proportional  to  the  thickness.     Having  by  this  means 
setded  the  constant  for  lead,  he  adopted  the  results  of  Depretz's  experi- 
ments on  the  conducting  power  of  metals  (see  page  331),  and  calculated 
the  constants  for  other  metals  from  these  data.     He,  further,  made  a  series 
of  experiments  on  the  conducting  or  transmissive  power  of  "  bad  conduc- 
tas"  of  heat,  between  two  surfaces  of  water: — stone,  and  wood  and  other 
v^etable  substances,  which  were  incased  in  two  thin  coats  of  copper,  to 
prevent  the  absorption  of  water  by  them. 

M.  Peclet  la3rs  down  the  elementary  law  of  the  transmission  of  heat  as 
follows : — The  flow  of  heat  which  traverses  an  element  of  a  body  in  a  unit  of 
time  is  proportional  to  its  surface,  and  to  the  difference  of  temperature  of  the 
two  £au(xs  perpendicular  to  the  direction  of  the  flow;  and  is  in  the  inverse 
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ratio  of  the  thickness  of  the  element     This  law,  he  maintains,  is 
deduced  from  the  nature  of  the  motion  of  heat,  and  he  embodies  it 
following  formula: — 

M  =  (/-/')^;  <')• 

in  which  /  and  f  are  the  temperatures  of  the  surfaces,  C  the  qi 
heat  transmitted  per  hour  for  one  degree  of  difference  of  temj 
through  one  unit  of  thickness,  and  £  the  thickness.  That  is  to  say, 
English  measures: — if  the  difference  of  temperatiures  in  degrees  Fi 
heit  be  multiplied  by  the  constant  C  for  the  given  material,  one  inch 
and  divided  by  the  thickness  in  inches,  the  quotient  is  the  quantity  of 
in  English  units  passed  through  the  plate  per  square  foot  per  hour.  J 
The  quantities  of  heat  transmitted  through  plates  or  beds  of  metak^ 
other  solid  bodies,  one  inch  in  thickness,  for  i^  F.  difference  of  teaipl 
ture  per  hour,  as  determined  by  M.  Peclet,  are  given  in  table  Na  i| 
being  the  values  of  the  constant  C  in  formula  (i).  The  conditioDSi 
that  the  surfaces  of  the^  conducting  material  must  be  perfectly  dean,  { 
they  be  in  contact  with  water  at  both  faces  of  different  tempetain 
and  that  the  water  in  contact  with  the  surfaces  be  thoroughly  and  c 


Table  No.  159. — Quantities  of  Heat  Transmitted  from  Water 
Water  through  Plates  or  Beds  of  Metals  and  other  So 
Bodies  i  Inch  Thick,  per  Square  Foot,  for  i**  F.  differk] 
OF  Temperature  between  the  Two  Faces  per  Hour. 

Selected  from  M.  Peclet^s  tables,  and  conYcrted  for  English  measores. 


Substance. 

Quantity 

of 

heat 

Substance. 

Quantity' 

of 

heat. 

Substance. 

Qua 

« 

he 

Gold 

Platinum 

Silver 

Copper 

Iron 

'  Zinc 

jTin 

;  Lead 

Marble 

Plaster 

Terra  cotta 

Oak,  across  fibre 

units. 
620 
604 

555 
225 

225 

177 

112 

24 
2.6 

4.8 

1.69 

Fir,  across  fibre 
Fir,   along   the 

fibre 

Caoutchouc.,.. 
Gutta-percha ... 

Glass 

Sand 

Brick,  powder'd 
Chalk,      do. 
Ashes  of  wood. 
Wood-charcoal, 

powdered.... 

units.    1 

.74 

1.36 
1.36 

1-37 
6.56 
2.16 
1. 12 
.69 

•53 
.63 

Coke,  powd.... 

Iron  filings  .... 

Cotton  wool... 

Calico 

Carded  wool... 

Eider-down .... 

Canvas 

White  writing- 
paper 

Gray  paper  un- 
sized   

vn 

.< 
I. 

• 

• 
• 
• 
• 

• 

• 

stantly  changed.     M.  Peclet  found  that  when  metallic  surfaces  became 
the  rate  of  transmission  of  heat  through  all  metals  became  very  nearl) 
same. 

Mr.  James  R.  Napier  made  experiments  with  experimental  boilers  of 
and  copper  of  various  thicknesses,  over  a  gas  flame,  and  he  found  01 


HEATING  AND  EVAPORATION  OF  LIQUIDS.  46 1 

ference  in  evaporating  power  of  about  a  twentieth  or  a  thirtieth 
r  of  die  copper:  results  which  are  corroborative  of  M.  Peclet's 

OS. 

»r  Rankine  states  that  in  all  experiments  of  this  kind  the  con- 
the  heating  surface  is  important,  whether  smooth  or  rough,  and 
perfecdy  dean  or  incrusted  to  any  extent 

le  rate  of  transmission  of  heat  through  metallic  plates  also  differs 
h  according  to  the  substances  in  contact  with  the  plate,  between 
e  heat  is  transmitted : — as  between  water  or  steam  and  water,  or 
water  and  air,  or  gaseous  matter  and  water,  and  so  on.  Mr. 
Craddock,  at  an  early  period,  proved  that  the  rate  of  cooling 
mission  of  heat  through  metallic  surfaces,  was  almost  wholly 
It  upon  the  rate  of  circulation  of  the  cooling  medium  over  the 
>  be  cooled,  and  that  water  was  enormously  more  efficient  than  air 
bstracdon  of  heat  He  suspended  a  tube  filled  with  hot  water 
thermometer  suspended  in  the  water.  The  water  was  cooled  from 
ature  of  180**  to  loo**  F.,  in  still  air,  in  25  minutes,  and  in  still  water 
inute.  Again,  when  he  moved  the  tube*filled  with  hot  water,  by 
ation,  at  the  rate  of  40  miles  per  hour  through  air,  it  lost  as  much 
minute  as  it  did  in  still  air  in  1 2  minutes.  In  water,  at  a  velocity 
liles  per  hour,  as  much  heat  was  abstracted  in  half  a  minute  as 
)rbed  in  one  minute  when  at  rest  in  the  water.  Mr.  Craddock 
d  that  the  circulation  of  the  cooling  fluid  becomes  of  greater 
ice  as  the  difference  of  temperature  on  the  two  sides  of  the  plate 
less. 

NG    AND    EVAPORATION    OF    LIQUIDS    BY    STEAM 
THROUGH   METALLIC  SURFACES. 

ohn  Graham  heated  water  in  a  square  wooden  cistern,  having  a 
ron  bottom,  into  which  steam  of  i6j^  lbs.  per  square  inch,  abso- 
sure,  having  a  temperature  of  218°  F.,  was  admitted.     When  the 

the  cistern  stood  at  60**  F.,  the  steam  was  admitted,  and  the 
I  were  the  successive  temperatures  at  equal  intervals  of  time,  as 

by  Mr.  Graham: — 

Time  from  the  Temperature  Increments  of 

commencement.  of  the  water.  temperature. 

seconds.  Fahrenheit.  Fahrenheit. 

O     60°    0° 

10       100       ...       40 

20     134     34 

30     158     24 

40     174     16 

50  183  9 

60  192  9 

70  198  6 

80  201  3 

90  206  5 

100  210  4 

J  found  to  be  difficult  to  raise  the  temperature  above  210°  F.  The 
d  activity  in  the  rise  of  temperature  towards  the  end,  was  no  doubt 
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due  to  the  increased  movement  in  the  water  as  it  approached  the  1 
point  To  show  the  rate  of  the  passage  of  heat  with  respect  to  the  m 
difference  of  the  temperatures  of  the  steam  and  the  water  during  a 
interval  of  ten  seconds,  the  mean  temperature  of  the  water  during  a 
interval  is  given  in  the  second  column  below,  the  difference  of  ihe>«iiii 
temperatures  and  that  of  the  steam  in  the  third  column,  the  incremen 
temperature  in  the  fourth  column;  and,  in  the  last  column,  the  r 
temperature  per  degree  of  difference  of  temperature  is  given; — 


DilTcrFnce  a! 

Ik™.™,  of 

Timu. 

"■r^Efr 

"Sfl^^ 

«c™d!- 

FahrenhtiL 

PihreoheiL 

FlhtfflhHL 

lO 

80° 

lof 

40" 

.290 

20 

117 

34 

■336 

30 

146 

72 

'4 

■333 

40 

166 

5* 

16 

.308 

so 

178 

40 

9 

."S 

60 

187 

31 

9 

.290 

70 

•95 

=3 

6 

.261 

80 

199s 

18.S 

3 

.162 

90 

203-5 

14-5 

5 

•34S 

too 

208 

10 

4 

.400 

The  quantity  of  heat  transmitted  per  degree  of  difference  of  tempenil 
is  in  proportion  to  the  increments  of  temjierature  in  the  last  coIumM— 
Though  irregular,  they  are,  taken  together,  pmclically  uniform  per  degrees 
of  difference  of  tem]n.Tature.  At  ihi;  same  time,  the  quantity  per  degree  i«» 
the  middle  stages  appears  to  be  blightiy  redui;ed  as  the  total  diiferenceo^ 
temperature  is  reduced. 

M.  Clement  found  that  a  sheet  of  copper,  i  metre  square  and  aboil*   ._ 
^  inch  thick,  when  heated  on  one  face  by  steam  of  212°  F.,  and  cooled  0^    ' 
the  other  face  by  water  at  82''.4  F.,  making  an  excess  of  temperature  vf 
i29°.6,  condense<i  20.5  lbs.  of  steam  per  square  foot  per  hour,  equivafcnt 


:29=>.6  = 


.i(3o  lbs.  of  steam 


condensed  per  square  foot  pi 
The  total  heat  of  steam  at  2 
of  steam  there  are  1095.6  x  ; 


r  degree  0/  difference  of  temperature  per  honr. 
2°  F.  is  i09s°.6  above  82°.4,  and  for  20.5  lbs. 
1.5  =  2  2,460  units  of  heat,  and 

22,460  -  1  ;9°.6  =  1 73  units  of  heat, 

whicli  is  the  quantity  of  heat  |>assed  through  the  plate  per  square  foot  po 
degree  of  difference  of  temperature  per  hour. 

M.  Peclet  gives  the  performance  of  a  copper  boiler  with  double  bottom 
for  boiling  beet-root  juice  by  steam  of  three  atmospheres,  or  275°  F,, 
admitted  into  the  bottom.  The  area  exposed  to  steam  amounted  to  25.8* 
square  feet.  A  ijuantity  of  juice  weighing  1984.5  lbs.  was  delivered  into 
the  copper  at  a  temperature  of  39°  F.,  and  heated  to  ai2°  P.,  through  173° 
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31  mmuteSy  equivalent  to  a  rise  of  (i  73  x  60  ^  16)  =  649**  of  tempera- 
hour.     The  total  heat  transmitted  per  square  foot  per  hour  was 

649**  X  19845  -r-  25.82  =  49,880  units  of  heat 

in  tempeTatuie  of  the  juice  was  (212  +  39)  -r-  2  =  126^,  and  the  mean 
:e  of  temperature  was  275°-  126°=  149°;  then  the  total  heat  trans- 
per  square  foot  per  degree  of  difference  of  temperature  per  hour 

49,880  ^  149°  =  335  units  of  heat 

il  heat  of  the  steam  was  1071°  above  126°,  the  mean  temperature 
juice,  and  the  quantity  of  steam  condensed  per  square  foot  per 
)er  hour  was 

^^^-  =.313  lb.  of  steam.  . 
1071 

'eclet  quotes  the  results  of  experiments  made  by  Laurens  and 
on  the  heating  power  of  steam  operating  through  coils  of  pipe, 
first  experiment,  the  pipe  was  137.8  feet  long  and  1.36  inches  in 
r  externally,  presenting  48.20  square  feet  of  surface.  Steam  of 
mospheres,  or  275°  F.,  was  freely  admitted  into  the  pipe,  and  it 
he  temperature  of  882  lbs.  of  water  from  46°  F.  to  212°  tlirough 
four  minutes,  equivalent  to  a  rise  of  (166°  x  60  -^  4)  =  2490°  in  an 
The  mean  temperature  of  the  water  was  (212  +  46)  ^  2  =  129°,  and 
irence  of  temperature  was  275-129  =  146°.  Hence  the  total  heat 
tted  per  square  foot  per  hour  was 

2490°  X  882  -f-  48.20  =  45564  units  of  heat, 

total  heat  per  square  foot  per  degree  per  hour  was 

45564  T  146  =  312.1  units  of  heat 

total  heat  of  the  steam  was  1068°  above  129°,  and  the  quantity  of 
ondensed  per  square  foot  per  degree  per  hour  was,  therefore, 

3— -L-  =  .202  lb.  of  steam. 
1068        ^ 

,  551.25  lbs.  of  water  was  evaporated  from  212°  by  the  same  steam, 
linutes,  being  at  the  rate  of  3007  lbs.  per  hour,  or  62.38  lbs.  per 
foot  per  hour.  The  total  heat  of  the  atmospheric  vapour  was  966^ 
II 2° y  and  the  heat  transmitted  per  square  foot  per  hour  was 

966  X  62.38  =  59,710  imits  of  heat 

ifference  of  temperature  was  275-212  =  63°,  and  the  quantity  of 
issed  per  square  foot  per  d^ee  per  hour  was 

59,710  -^  63  =  948  imits  of  heat 

untity  of  steam  condensed  per  square  foot  per  degree  per  hour  was 

?l-r  =  .981  lb.  of  steam. 
966 


464  APPLICATIONS  OF   HEAT. 

In  another  experiment,  two  coils  of  steam-pipe  49.2  feet  loDg»  and 
inches  in  diameter,  presenting  a  surface  of  34.52  square  feet,  with  i 
of  two  atmospheres,  or  250^4  F.,  evaporated  1587.6  lbs.  of  water  at 
per  hour;  or  46  lbs.  per  square  foot  per  hour,  with  a  difference  of 
perature  (250.4  -  212)  =  38°.4  F.  The  quantity  of  heat  passed  per  a 
foot  per  hour  was, 

966  X  46  s  44,430  units, 
and,  per  degree  per  square  foot  per  hour,  was, 

44>43o  v  3S.4  =  "57  units. 
The  quantity  of  steam  condensed  per  degree  per  square  foot  per  hou 

^  =  1.20  lbs. 
966 

The  following  are  the  results  of  experiments  by  M.  P.  Havrez  in  he 
water  by  steam  with  a  coil  of  copper  pipe,  given  in  Engineerings  vc 
The  coil  was  14.21  feet  long,  and  1.57  inches  in  diameter;  superficial 
5.85  square  feet    The  pipe  was  incrusted  to  some  extent: — 

tem^S^ofLSi  Water  heated.  Tnne  to  heat  water. 

I.  67  lbs.  300°  F.      232.65  lbs.  from  68"  to  212'*         —         —       — 
2.89.,,     319.4  232.65        „        „  „         to  122%  4min.;  212®,  10 

3.  89  „     319.4  217.80        „       104  to  212  „     3    „         w       7, 

Actual  weight  of  steam       Weight  per  square  foot    Weight  per  i""  F.  differ* 
condensed.  per  hotur.  ence  of  temperature. 

1.  41.25  lbs.  42.25  lbs.  .2641b. 

2.  44.00  „  45-00  »  .271  „ 

3.  28.60  „  39«oo  »  •270  „ 


Averages,       •      42.08  „  .268  „ 

It  may  be  noted  that  the  water  was  heated  to  122%  and  then  to  212 
the  second  and  third  experiment,  at  the  following  rates : — 

2d  Experiment,  to  122°  at  13^.5  per  minute.    To  212**  at  15**  per  mis 
3d        do.  „         „    6.0        „  „        „    20        „ 

In  continuation  of  the  experiments,  with  the  same  pressure  of  st( 
portions  of  the  water  were  evaporated : — 

"^^^V^^^^       EbuUition.      «„5!!^*!f,^r       And  per  degree, 
m  xo  muiutcs.  square  foot  per  nour.  "^    ^ 

1.  9.9  lbs.        soft,  10. 1 5  lbs.  .1151b. 

2.  15.95   „  violent,  16.35   »  -174  » 

3.  7.7     „  very  soft,  7.89  »  .084  „ 

11.46  „  .126  „ 

There  are,  as  Engineering  remarks,  inconsistencies  in  these  results, 
scale,  no  doubt,  impeded  the  activity  of  the  heat 

The  results  of  experiments  by  M.  Havrez,  with  a  cast-iron  boiler  ha 
a  double  bottom,  are  also  given  by  Engineering,     The  boiler  was 
inches  in  diameter,  and  13.5  inches  deep,  and  had  a  jacketted  surfai 
6.576  square  feet: — 
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Wfttar  heated. 


Total  praHure  and 
tenpenture  of  steam. 

I.    67  lbs.  300' F.        229.7  lbs. 

2.     67    „     300  237.6  „ 


from  80"  to  212°,  in  25  minutes. 
68  to  212,  in  22 


it 


n 


I. 
2. 


Actual  wdght  of  steam 
condensed. 

3 1.24  lbs. 

34.10    „ 

Averages, 


Per  square  foot 
per  hour. 

10.14  lbs. 

14.10 


12.12 


»> 


» 


And  per  degree  diifer- 
ence  of  temperature. 

.066  lb. 
.088 


.077 


» 


» 


In  evaporating  the  water  at  212**,  from  8.8  to  11.44  lbs.  of  steam  was 
condensed  in  10  minutes;  being  at  the  rate  of  8.02  to  10.4  lbs.  per  square 
hoi  per  hour;  or  .091  to  .118  lb.  per  square  foot  per  degree  of  difference 
rf  temperature  per  hour. 

The  quantities  of  heat,  in  M.  Havrez's  experiments,  transmitted  per 
apiare  foot  per  degree  of  difference  of  temperature  per  hour  are  found 
fan  the  quantities  of  steam  condensed,  as  follows : — 


Heat  utilized  from 
X  lb.  of  steam. 


CbUcd  pipe ;  heating  water ; — 

1st  Experiment, 
2d         Da 
3d         Do. 


Steam  condensed  per 
square  foot  per  degree 
per  hour. 


1005  units 
1 071 

1053 


» 


» 


X 
X 

X 


.264  lb. 

.27 1  » 
.270  „ 


Averages, 

.268  „ 

Cofled  pipe;  evaporating  water : — 

1st  Experiment,          961  units 
2d        Do.                  967    „ 
3d         Do.                  967    „ 

X 
X 
X 

.1151b. 

•174  « 
•084  „ 

Averages, 

126 

Cast-iron  boiler ;  heating  water : — 

1st  Experiment,         10C9  units 
3d        Do.                1003    „ 

X 
X 

.066  lb. 
.088,, 

Averages, 

-077  n 

Cast-iron  boiler ;  evaporating  water : 

1 

1st  Experiment,          961  units 
2sd        Do.                  961    „ 

X 
X 

.091  lb. 
.118,, 

Heat  transmitted  per 

square  foot 

per  degree 

per  hour. 

265.3  units. 

290.2 

it 

284.3 

»> 

• 

280.0 

w 

1 10.5 

units. 

168.2 

» 

81.2 

}> 

120.0 

>» 

69.90 

units. 

93.54 

» 

81.72 

V 

87.45 

units. 

113.40 

» 

Averages, 


.105 


» 


100.43 


tt 


Mr.  William  Anderson^  gives  the  results  of  experiments  on  the  power 
of  a^iar-clarifiers  in  heating  water.  They  were  6  feet  6^  inches  in 
diaiDeter,  and  2  feet  6  inches  deep;  containing  a  copper  pan  18  inches 
deep,  bolted  into  cast-iron  steam-jackets,  widi  a  working  capacity  of 
4S0  gallons,  and  havii^  a  heating  surfiaice  of  52.58  square  feet.      The 

'  •Kte  tiie  Aba-€l-Wakf  Sugar  Factory,  Upper  Egypt"    Proceedings  ofUu  InstiUtUan 
4 ChU  Engineers,  vol.  xxxv.,  1872-73. 

80 
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average  results  of  three  experiments  in  heating  water  to  212*  tae] 
follows : — 

Mean  duration  of  the  experiments 24  minutes. 

Mean  initial  temperature  of  water 67®  F. 

Mean  steam  pressure  above  atmosphere  ...42.1  lbs.,  289°  F. 

Mean  weight  of  condensed  steam 742     „ 

Mean  weight  of  water  heated 45 58     „ 

Units  of  heat  in  condensed  steam 742  „  X990''           =              73 

Heat  spent  in  heating  copper 840  „  x  i4S**^  '095  =   ">57i 

„            „              cast  iron 2828  „  x  145** x.  129 «  52,900 

„            „             wrought  iron 567  „  x  i45**x.ii3=     9,200 

„           „             water 455^  „  x  145^           =660,910 

r. 

uoitt. 

Units  of  heat  per  square  foot  per  difference  of  1°  per  hour  in 

heating  water 2ia2 

Loss  in  heating  clarifier,  radiation,  &c ii.i  per< 

6*7  ^  212 
The  mean  temperature  of  the  water  was  -^ =  140**,  and  the 

2 

utilized  per  pound  of  steam  was  1062'' (=11 70 +  32-  140).    Then, 


ri 


^     '    =.196  ID.  01  sieam, 

4 


,   =.198  lb.  of  steam, 
1062 


condensed  per  square  foot  per  degree  per  hour. 

In  other  experiments,  with  a  smaller  clarifier,  similar  in  constructioD,  cf 
1 2  gallons  of  capacity,  the  trials  were  carried  further,  and  the  rate  of  boibf 
was  ascertained,  both  for  water  and  for  sirup,  the  latter  consisting  of  t    1 
solution  of  9  lbs.  of  molasses  and  4  lbs.  of  sugar  in  90  lbs.  of  water,  equal 
to  juice  at  about  8**  Beaumd     The  quantities  of  heat  passed  through  die 
metal  were  as  follows : — 

Water.       Juaoe. 
units.         uflilL 

In  heating,  per  square  foot  per  difference  of  1°  F.  per  hour. 260       219 

In  evaporatmg,  „  „  „  606        521 

showing  a  greatly  accelerated  passage  of  heat  when  evaporating,  2^  times 
as  much  as  in  only  heating  the  water;  also,  that  the  addition  of  14^  per 
cent,  of  sugar  reduced  the  efficiency  of  the  surface  by  about  15  per  cent 

Mr.  Anderson  made  similar  trials  to  test  the  efficiency  of  the  concen- 
trators, for  their  evaporating  powers.  It  is  only  necessary  to  state  here  that 
each  of  the  concentrators  consists  of  a  copper  tray  23  feet  long  by  6  feet  wide, 
^  of  an  inch  thick,  heated  by  a  steam-boiler  beneath  it,  and  forming  part 
of  it  The  boiler  is  12)^  inches  deep,  fiat-bottomed,  and  stayed  to  the 
tray  at  6  inches  pitch.  The  heating  surface  of  the  tray  is  increased  by  495 
upright  hollow  nozzles  of  brass,  screwed  into  it,  very  thin,  and  slightly  taper; 
average  external  diameter  2^  inches,  vertical  projection  4j^  inches.  The 
tray  is  inclosed  by  a  sheet-iron  cover.  The  heating  surface  of  the  tray 
consisted  of  138  square  feet  horizontal  surface,  and  187  feet  of  vertiaJ 
surface,  together,  325  square  feet.  By  experiment,  it  was  found  that  surges 
similar  to  those  of  the  tray  performed  as  follows : — 
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heauiiig  water  to  the  boiling  point,  5.8  lbs.  effective  pressure 
per  square  inch^  228^  F.,  per  square  foot  per  i^  F.  difference 
per  hour 368  units. 

evaporating 660    „    , 

die  passage  of  heat  for  evaporation  was  1.8  times  as  much  as  in  heating 
It  evs^ration.  Applying  this  ratio  to  the  performance  of  the  tray 
Mr.  Anderson  calculates  that  the  efficiency  of  the  tray  by  experiment 

For  heating 271  units. 

For  evs^radon 491    „ 

llie  obviously  superior  efficiency  of  the  model  is  accounted  for  by  its 
ftaviDg  been  fully  charged  with  steam  from  the  factory  boilers;  '*  whilst  in 

the  a^ual  tray  the  generator  was  evidently  unequal  to  the  work." 
The  mean  pressure  in  the  generator  was  47  lbs.  effective,  with  the 

temperature  294°  F.;  and  that  in  the  tray  was  5.8  lbs.,  temperature  228"^  F. 

The  total  heat  of  the  first  steam  was  1171^  from  32"^  R,  or  975°  above  228""; 

and  the  quantity  of  steam  condensed  per  square  foot  per  degree  per  hour 

Condensed. 

For  heating 271  -r  975  =  0.278  pound  of  steam. 

For  evaporating 49^ -^  975  =  o-504      »,  » 


Mr.  F.  J.  Bramwell,  in  discussing  Mr.  Anderson's  paper,  gave  particulars 
of  similar  experiments  made  by  him  with  a  jacketed  copper  pan,  having  a 
fforioDg  capacity  of  100  gallons,  and  a  heating  surface  of  25  square  feet 
The  pan  had  been  at  work  for  eight  or  nine  years,  and  probably  was 
mcni^ed  on  the  steam  side.    He  tried  the  performance  of  the  pan  with 
Heam  successively  of  5  lbs.,  10  lbs.,  15  lbs.,  and  20  lbs.  effective  pressure, 
nusing  the  temperature  of  the  water  from  58"^  to  212^,  and  evaporating  it. 
In  the  first  experiment,  with  5  lb.  steam,  he  found  that  the  rates  of  trans- 
mission of  heat  per  square  foot  per  degree  of  difference  per  hour,  taking 
observations  every  five  minutes,  in  raising  the  temperature  to  200°,  were 
SQCcessively  161,  151,  176,  160  units  of  heat,  whilst  in  heating  from  200° 
to  212°  the  rate  advanced  to  327  imits;  and,  when  ebullition  commenced, 
to  427  units.    The  observed  rates  at  the  different  pressures  are  subjoined 
far  comparison: — 

Average  rate  of  trans*    Average  rate  of  transmisuon, 
mission  up  to  aza'.  evaporating  at  aza*  F. 


Imtial  temper- 
ofsteun.  ature  of  water. 

5  lbs.  58**  F.  . 

10  lbs.  58 

15  lbs.  58 

20  lbs.  58 


—  427  units. 

186  imits  435 

—  458 

205     „  488 


» 


» 


Averages, 196 


» 


452 


» 


i9 


From  these  results  it  appears  that  the  rate  of  transmission  for  evapora- 
tion is  more  than  double  the  rate  for  heating;  and  the  detailed  observa- 
tions, at  5  lbs.  pressure,  show  a  marked  acceleration  of  transmission  when  the 
water  was  within  12*  of  the  boiling  point.  These  experiments  confirm 
those  of  Mr.  Anderson,  and  it  is  very  probable  that  the  greater  agitation 
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and  quicker  circulation  of  the  water  as  it  neared  the  boiling  poinl; 
whilst  boiling,  was  the  cause  of  the  increased  rate  of  transmission  of  thel 
The  average  rates  above  given  show  that,  per  square  foot  per  6icgBet\ 
hour,  the  quantities  of  steam  condensed  were : — 

Condensed. 

In  heating  up  to  212°, 201  lb. 

In  evaporating  at  212'', 463  „ 

The  various  results  of  performance  above  detailed  are  numbered 
collected   in  table  No.  160,  and  the  averages  for  copper-plate 
copper-coil  surfaces,  and  cast-iron  surfaces  are  given  in  the  lower  p 
the  table. 

Table  No.   160. — Results  of  Performance  of  Coiled  Pipes 
Boilers  in  Heating  and  Evaporating  Water  sy  Steam. 


Authority. 

Apparatus. 

Steam  condensed 
per  square  foot,  for 
X  F.  difference  of  tem- 
perature per  hour. 

Heat  tnuninrffl 

per  square  feoLil^l 

z^.^HerawtflrSI 

peiatuie  per  boad 

Heating. 

Evapo- 
rating. 

Heating. 

»5 

1.  Clement .... 

2.  Peclet 

3.  I^aurens 

4.  Do 

5.  Havrez 

6.  Do 

7.  Anderson... 

8.  Do. 

9.  Do. 

10.  Bramwell... 

Copper  plate 

lbs. 
.160 

•313 
.292 

.268 
.077 
.198 
.278 

.201 

.    Ib5. 

.981 
1.20 
.126 

.504 
.463 

units. 

335 
3" 

280 

82 

210 

271 

368 

196 

948 

1 120 

120 

100 

491 
660 

452 

Copper  boiler .\ 

Copper  coil 

2  Do.    do 

Copper  coil 

Cast-iron  boiler. 

Copper  clarifier 

Copper  concentrator. . 
f  Copper  concentra- ) 

I      tor  (model) j 

Copper  pan 

Averages    for    copper- plate    surface, ) 
Nos.  2,  7,  8,  9,  10 j 

Averages    for    copper-pipe    surface, ) 
Nos.  3,  4 j 

Cast-iron  plate  surface,  No.  6 

.248 

.292 

.077 

.483 
1.090 

276 

312 

82 

534 

1034 
100 

Nhfe. — Nos.  I  and  5  are  omitted  from  the  averages  as  the  information  b  incomplete^ 
and  for  No.  5,  the  results  are  not  consistent. 

It  appears  that  the  efficiency  of  copper-plate  surface  for  evaporation  is 
double  its  efficiency  for  heating  water;  for  copper-pipe  surface  the  efficiency 
is  more  than  three  times  as  much;  and  for  cast-iron  plate  surface,  a  fourth 
more. 

That  the  efficiency  of  pipe-surface  is  a  fifth  more  than  that  of  plate- 
surface  for  heating,  and  more  than  twice  as  much  for  evaporation. 
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That,  in  round  numbers,  copper-plate  surface  condenses  half  a  pound  of 
Steam,  copper  pipe  condenses  a  pound  of  steam,  and  cast-iron  plate-surface 
a  tenth  of  a  pound,  per  square  foot  per  degree  of  difference  of  temperature 
hour,  for  evaporation. 
Hiat  the  quantity  of  heat  transmitted  is  at  the  rate  of  about  1000  units 
pound  of  steam  cx>ndensed. 
These  are  the  results  to  be  expected  when  the  surfaces  are  in  good 
condition. 

COOLING  OF  HOT  WATER    IN   PIPES. 


AL  Darcy  states  that  the  water  from  the  artesian  wells  at  Crenelles 
passed  underground  through  cast-iron  pipes  of  from  6)4  to  10  inches 
diaiiieter,  for  a  length  of  2530  yards,  in  8  J4  hours,  equivalent  to  an  average 
vdodty  of  3  inches  per  second,  discharging  about  50  gallons  per  minute. 
The  water  was  cooled  from  80®  to  69^5  F.,  or  10°.  5;  being  at  the  rate  of 
i*.24  per  hour.  The  loss  of  heat  amounted  to  307,600  units  per  hour, 
viiich  passed  through  16,424  square  feet  of  surface:  at  the  rate  of  18.7 
per  square  foot  per  hour,  for  a  mean  temperature  of  75°.  When  at 
in  the  pipe,  the  water  was  cooled  at  the  rate  of  10°  F.  in  7  hours,  or 
21.6  units  per  square  foot  per  hour.  Taking  the  temperature  of  the  ground 
at62^  the  mean  difference  of  temperature  was  13°  F.,  and  the  heat  trans- 
mitted per  square  foot  per  degree  per  hour  was  18. 7-7-13  =  1. 44  units  when 
the  water  was  in  motion,  and  21.6  -^13  =  1.66  units  when  the  water  was 
at  rest 

Taking  the  results  of  experiments  by  Mr.  Tredgold  on  the  rate  of  cool- 
ing of  water  in  pipes,  in  air,  as  corrected  by  Mr.  Hood,  a  cast-iron  pipe 
JO  inches  long,  2^  inches  in  diameter  internally,  and  j^  inch  thick,  was 
ffied  with  water  at  152''  F.  It  exposed  a  surface  of  2  square  feet,  with 
asnnounding  temperature  of  67"^  F.;  and  the  quantity  of  water,  including 
IB  equivalent  for  the  heated  iron,  was  172  cubic  inches,  or  6  lbs.  weight 
The  water  was  cooled  at  a  nearly  uniform  rate,  from  152°  to  140°  F.,  in 
te  following  times,  to  which  are  added  the  cooling  and  the  units  of  heat 
pasKd  per  minute: — 

State  of  cast-iron  torface.  Cooled  la' F.  in        ^^«l  Heal  passed  per 

t Ordinary  brown  (rusty), 15  minutes  ...  o°.8  F.... 0.8    x  3  =  2.4 units. 

LBhck  varnished, i4-53  »       ...0.83     ...0.83x3  =  2.5     „ 

^  White,  two  coats  of  lead  paint,  15.33  „       ...0.78     ...0.78x3  =  2.34  „ 

To  reduce  these  results  to  the  general  standard  for  comparison  :— 


I. 
2. 

3- 


Mean  tern-      Mean  diAerencc 

peralure  of    of  tsmperatitre  of 

water.  water  and  air. 

Fahr.  Fahr. 

....  79^  

...  79    

...•  79    


146^ 

146 

146 


Heat  passed  off* 

per  square  foot  ^JJ^S^^/^i  ^"^ 

iS  hour.  **««««  of  differ. 

•^  ence  per  hour. 

units.  units. 

2.4  X  60  =144       r.823 

2.5  X  60=3  150        1.900 

2.34x60=140.4    1.778 


From  other  esqperiments  by  Tredgold,  hot  water  was  cooled  in  vessels 
mk  of  tinned  plate,  sheet  iron,  and  glass  from  iSo"^  to  159^  F.,  in  a  room 
It  56",  showing  an  average  excess  of  temperature  of  114"^  F.    They  con* 
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tained  3.1  lbs.  of  water.  Including  an  equivalent  for  the  metal    The  R 
were  as  follows : — 


Cooled  p< 


square  fcEt.  DibUteL  FaZir. 

4.  Tinplate, SS  46       o'^S 65  x  2. a -J    -55=1 

S-  Sheet  iron,..  .533 29      i°.o3 1.03x3.2^.533=4 

6.  Glass, 500 31 J^  o'.94 94X  a.a-f  .50=1 

The  heat  passed  off  per  hour  was, 

4.  156.0  units  per  square  foot,  and  1.37  units  per  degree  of  difiereno 
5-  «5S-6    „  „  „    2-24     „  n  » 

6.  348.4    „  „  „    2.18    „  „  „ 

To  group  the  experimental  results  adduced  for  the  transmission  of  1 
from  hot  water  in  iron  pipes  and  vessels  to  the  external  air: — 


«^  inch  cast-iron  pipe,  ^  inch  thick,  naked, 1.83  units 

Sheet-iron  vessel, 2.24    „ 


Cooling  of  Hot  Wort  on  Metal  Plates  in  Air. 

The  results  of  experiments  on  the  cooling  of  wort  at  Trucman's  hrewHj 
are  recorded  in  Engineering,  vol.  vi.     Two  coolers,  no  feet  by  25  itH, 
made  of  thin  copper,  No.  15  wire-gauge,  or  '/,j  inch  thick,  were  supported 
on  open  joists,  and  air  was  free  to  circulate  above  and  below  the  coolers. 
The  total  cooling  surface  amounted  to  5500  square  feet.     The  wort  was  ran 
over  the  coolers  in  a  thin  stream,  of  which  50  barrels  of  360  lbs.  each  weie  ■ 
cooled    from   213°  to    110°    F.  per  hour.     The  total  heat  passed  off  by  i 
evaporation  and  by  conduction  through  the  metal  was  50  «  360  «  (in"-  j} 
110°)=  1,836,000  units  per  hour;  being  at  the  rate  of  334  imits  per  squit 
foot  per  hour. 

When  the  wort  was  left  to  stand  on  the  coolers,  from  2l0  3)4  inches  deep, 
it  was  cooled  140°  in  from  six  to  eight  hours.  Taking  to  lbs.  per  squaie 
foot  as  the  weight  of  the  water,  the  quandty  of  heat  passed  off  m 

-i =  200  units  per  square  foot  per  hour. 

The  mean  temperature  of  the  wort  was,  in  the  first  case, =  i6i°  > 

and  in  the  second  case  212°-  — =  142°.     The  mean  differences  of  tea*^ 

perature,  taking  that  of  the  air  at  62°,  were  99°  and  80°,  and  the  he»* 
passed  off  per  square  foot  per  d^ee  of  difference  of  temperature  pC* 
hour  was — 

For  the  flowing  wort,. 334-^99  =  3-37  units. 

For  the  still  wort, 200-4-80=2,50    „ 
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pOOUNG  OF  Hot  Wort  by  Cold  Water  in  Metallic  Refrigerators. 

From  the  instructive  discussion  of  the  principles  of  brewery  engineering 
)^£^gnu€rifi^^  vol  vL,  the  following  particulars  are  derived  of  the  perform- 
Mfct  oi  tubular  refrigerators^  in  which  cold  water  is  passed  through  thin 
Sttillic  tubes,  which  are  surrounded  by  the  wort  to  be  cooled.  The  water 
pd  the  wort  are  moved  in  opposite  directions  in  such  a  manner  that 
lAe  cdd  water,  on  its  entrance  into  the  refrigerator,  meets  the  cooled  wort 

&  before  it  leaves  the  refrigerators,  and  the  warmed  water  passes  away 
the  refrigerator  where  the  hot  wort  enters.     The  following  are  parti- 
of  the  performance  in  five  experiments : — 


TiMe  No.  161. — Results  of  Performance  of  Metallic  Refrigera- 
tors IN  Cooling  Hot  Wort  with  Cold  Water. 


jRtofcOoI- 

Wort. 

Water. 

■f  airfaceof 
nigerator. 

Specific 
gravity. 

Quantity 

passed 

through 

per  hour. 

Initial 
tempera- 
ture. 

Tmal 
tempera- 
ture. 

Cooled 
down. 

Quantity 

passed 

through 

per  hour. 

Initial 
tempera- 
ture. 

Final 
tempera- 
ture. 

Warmed 
up. 

SfBtfcfeet.  1 

Barrels. 

Fahr. 

Fahr. 

Fahr. 

Barrels. 

Fahr. 

Fahr. 

Fahr. 

I.   881 

— 

33.9 

212° 

72^ 

140"* 

61. 1 

65^ 

169° 

104"* 

2.   514 

1.104 

36.1 

155 

59 

96 

75.5 

54 

100 

46 

3.   514 

1.088 

36.6 

191 

59 

132 

99-5 

54 

100 

46 

4.   514 

1.035 

47.3 

'93 

59 

134 

90.7 

54 

100 

46 

5.   514 

I.OI8 

48.0 

178 

59 

119 

102.0 

54 

100 

46 

AWe  I. — A  barrel  contains  36  gallons,  or  360  lbs.  of  water. 

2.— The  temperature  of  the  air  in  Nos.  2  and  4  was  44°  P.,  and  in  Nos.  3  and  5,  40^ 

Dealing  with  the  data  of  this  table,  the  following  are  the  mean  tempera- 
tnres  and  differences  of  temperature  of  the  wort  and  the  water,  with  the 
quantities  of  heat  transmitted  per  unit  of  surface,  temperature,  and  time : — 


No.  of 
experimenL 

Mean  temperatures 

Mean  differ- 
ence of 
temperature. 

Heat  transmitted  per  square 
foot  per  degree  per  hour. 

Of  wort 

Of  water. 

Measured  by 

reduction  of 

temperature 

of  wort. 

Measured  by 

increase  of 

temperature 

of  water. 

I 

2 

3 
4 

5 

Averages, 

Fahr. 
I42» 

107 

"5 
126 

118.5 

Fahr. 
117^ 

77 
77 
77 
77 

Fahr. 

30 
48 

49 
415 

units. 

78 
81 

71 

91 
96 

units. 

104 
81 
67 

59 
79 

1 

/ 

834 

78 
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To  show  how  the  quantities  of  heat  in  the  last  ti^o  columns  are cali 
take  the  first  example.     The  quantity  of  wort  passed  through  per  hour 
33.9  barrels  of,  say,  360  lbs.  each,  neglecting  the  extra  specific 
cooled  down  through  140^  F.,  the  cooling  surface  was  881  square  feet, 
the  mean  difference  of  temperature  of  the  wort  and  the  water  was  %f 
Then,  \ 

33.9  X  360  X  140  ^    3  ^i^^    ^  ^  j 

881X25  /Q   UUilAUiUCAl,  ^ 

passed  from  the  wort,  per  square  foot  per  i**  F.  difference  of  tempemaj 

per  hour.     Again,  61.  i  barrels  of  water  were  warmed  up  through  104*! 

Then, 

6 1. 1  X  ^60  X  104  .^     ru     ^ 

-— ^ =104  units  of  heat, 

881 X  25  ^  ' 

absorbed  by  the  water,  per  square  foot  per  i®  F.  per  hour,  and  similarly  fci 
the  other  examples.  There  is  an  inconsistency  in  the  excess  of  heat  taka 
up  by  the  water,  as  calculated,  above  that  which  was  passed  from  the  iPOd 
in  the  first  example,  indicating  that  there  was  an  error  of  observation.  Eh 
the  second  example,  the  quantities  are  equal.  The  remaining  observstidai 
show,  reversely,  that  more  heat  passed  from  the  wort  than  was  taken  up  by 
the  water.  The  averages  of  all  the  examples  show  that  83.4  units  of  heil 
were  passed  from  the  wort,  and  78  units  were  absorbed  by  the  watff,  pa 
square  foot  per  1°  F.  difference  of  temperature  per  hour. 

It  is  well  to  note,  as  observed  in  Engineering,  that  the  rate  at  which  die 
wort  parts  with  its  heat  increases  generally  as  the  specific  gravity  is  lesSb 
This  acceleration  points  to  the  conclusion,  that  if  water  be  substituted  kn 
wort,  the  rate  of  transmission  would  be  100  units  per  square  foot  per  i*  F. 
difference  per  hour;  although,  conversely,  the  cooling  water  would  absoib 
only  80  units.  The  difference,  20  units,  would  be  passed  off  by  radiatioo 
and  conduction. 

CONDENSATION   OF  STEAM   IN   PIPES  EXPOSED  TO  AUL 

Tredgold  found,  by  experiment,  that  steam  of  an  absolute  pressure  d 
17.5  lbs.  per  square  inch,  temperature  221°  R,  produced  one  cubic  footoi 
water  per  hour  by  condensation  in  iron  pipes  exposing  1 82  square  feet  o( 
surface  in  a  room  at  60°  F.  The  difference  of  temperature  was  161*,  aik 
the  condensation  per  square  foot  per  hour  was  .352  lb.  of  water;  or,  pfl 
degree  of  difference  of  temperature,  .0022  lb. 

Experiments  made  in  1859  by  M.  Bumat,  on  the  efficiency  of  coatini 
for  cast-iron  steam  pipes,  afford  valuable  data  in  this  connection.^  Tb 
pipes  were  4.72  inches  in  diameter  externally,  and  ^  inch  thick;  they  wer 
arranged  in  five  groups  of  four  pipes  each,  each  group  presenting  an  aggn 
gate  surface  of  58^  square  feet.  The  groups  were  placed  at  40  inch< 
apart,  and  inclined  at  an  angle  of  i  in  20,  in  a  large  unheated  hall  firee  froi 
air-currents.  The  pipes  of  the  first  group  were  covered  with  straw  lai 
lengthwise  to  the  thickness  of  0.6  inch,  bound  with  straw  rope  laid  dose 
round   it.      The  second  group  were  left  bare  as  they  came  irom  tJ 

*  Reported  in  Proceedings  oj  he  Institution  of  Civil  Engineers^  vol.  xlL,  1874-7$. 
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tundr}'.  In  the  third  group,  each  [)ipc  was  laid  in  a  pottery  pipe,  with  an 
r-spacc  between  the  two,  and  coated  with  a  mixture  of  loamy  earth  and 
lopped  straw,  covered  with  tresses  of  straw.  In  the  fourth  group,  the  pipes 
ae  covered  with  cotton  waste  to  a  thickness  of  an  inch,  wrapped  in  cloth 
Rmd  with  string.  In  the  fifth  group,  the  pipes  were  coated  with  a  com- 
isitxm  of  clay  and  cow's  hair  to  a  thickness  of  2.36  inches.  Finally,  trials 
ac  made  with  the  second  group  of  pipes  by  coating  them  with  some  old 
It  which  had  been  treated  with  caoutchouc;  and  a  second  trial  of  the 
tti  group,  after  the  composition  had  received  a  coat  of  white  paint  The 
^cs  were  supplied  with  steam  of  from  i6j4  lbs.  to  30  lbs.  absolute  pressure 
ar  square  inch;  and  each  experiment  lasted  from  40  to  56  minutes.  The 
salts  of  the  e3q)eriments  are  given  in  the  annexed  table  No.  162. 


aUe  No.  162. — Results  of  Experiments  on  the  Condensation  of 

Steam  in  Cast-Iron  Pipes. 

(M.  Bumat.) 


1 

Temperatures.                 i 

Steam  condensed  per  square  foot  of  external  surface 
of  pipes  per  hour. 

AWiWf  |Mri 

■Rofsteaic 

; 

pvaiBi«Bch.: 

1 

Straw 

Bare, 

Pottery 

Waste 

Plaster 

Steam. 

Air. 

Difference, ' 

coat. 

coat. 

coat. 

coat. 

\ 

isL 

2d. 

3d. 

4th. 

5th. 

^      1 

Fahr. 

Fahr. 

Fahr. 

lb. 

lb. 

lb. 

lb. 

lb. 

16.5 

218^0 

46°.4 

I7I°.6 

•139 

.496 

.170 

.217 

.254 

16.5 

218.0 

33.8 

184.2 

.152 

.485 

.166 

.205 

.262 

18.4 

223.4 

33-7 

189.7 

.164 

.555 

.186 

.229 

.287 

18.4 

223-4 

27.1 

196.4 

.182 

•571 

.264 

.287 

.344 

22.0 

2332 

41.5 

191. 7 

.246 

.576 

.258 

.244 

.320 

22.0 

2332 

36.5 

196.7 

.164 

— 

.158 

.250 

22.0 

2332 

36.1 

197.1 

.162 

•557 

.178 

.260 

22.0 

2332 

28.9 

204.3 

.201 

.586 

.264 

.328 

.346 

25-7 

24T.6 

43.3 

198.4 

.244 

.645 

.301 

.375 

.389 

23-7 

241.6 

36.5 

205.1 

.274 

.285 

•369 



29.4 

249.1 

43-3 

205.8 

.252 

1  .721 

.270 

.342 

.379 

29.4 

249.  r 

30.6 

218.4 

•225 

.621 

.250 

.328 

.336 

,  Avenges 

1 

22.0 

233.1 

36.5 

196.6 

.200 

•581 

.229 

.286 

.324 

When  the  plaster  coat  of  the  fifth  group  was  painted  white,  an  average  of 
1307  lb.  of  steam  was  condensed  per  square  foot  of  pipe  per  hour;  and 
he  second  group,  with  the  felt  coating,  condensed  0.313  lb.  of  steam  per 
^lare  foot  per  hour. 

From  these  data  the  following  constants  have  been  derived,  for  an  absolute 
icanre  of  steam  of  22  lbs.  per  square  inch;  for  the  quantity  of  steam  con- 
msed,  and  the  quantity  of  heat  passed  off,  per  square  foot  of  external 
KfiKe  of  pipe  per  hour  for  1°  F.  difference  of  temperature.  l*he  quantity 
'  heaEt  transmitted  per  pound  of  steam  is  the  difference  of  the  total  and 
ns3>]e  heats  of  the  steam,  or  (i  152.5  +  32)  -  233.  i  =  95 1,4  units  >— 
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Steam  CoodeaMd 
Condition  of  Surface.  ^£^JShi£' 

Bare,  or  uncovered  pipe 00300 

Coated  with  straw 00102 

Cased  in  pottery  pipes,  with  air  space 001 15 

Coated  with  cotton- waste,  i  inch  thick 00 1 46 

Coated  with  old  felt 00159 

Coated  with  plaster  of  loamy  earth  and  hair 00165 

The  same,  painted  white 00156 

The  most  effective  coat  for  the  prevention  of  condensation  was  the 
coat,  and  that  it  had  the  effect  of  reducing  the  loss  by  condensation  to 
third  of  that  which  took  place  with  the  naked  pipe.    With  the  naked 
2.812  units  of  heat  were  transmitted  per  square  foot  per  d^ree  per  h( 

In  experiments  by  Mr.  B.  G.  Nichol,  a  wrought-iron  pipe  3^^  inchfir 
diameter  outside,  }(  inch  thick,  and  lagged  to  half  an  inch  thick  witi^; 
and  spun  yam,  condensed  steam  at  245°  F.  at  the  rate  of  .262  lb.  per  squij 
foot  per  hour,  in  an  external  temperature  of  60^,  equivalent  to  1.26  umtij 
heat  per  square  foot  per  i®  difference  of  temperature. 

According  to  M.  Clement's  experiments,  the  quantities  of  steam  gibn 
in  the  second  column  below,  were  condensed  per  square  foot  of  pipe-siiiCi 
per  hour,  in  a  temperature  of  77**  F.  Assuming  that  the  steam  condeni 
was  of  20  lbs.  absolute  pressure,  the  difference  of  temperature  was  151*  ] 
and  the  weight  of  steam  condensed  per  1°  F.  is  given  in  the  third  columi 

c.TB>  A  r.»  Steam  condensed  per  square  foot 

bURFACB.  p^  y^^^ 

total.  per  i'  F. 

Bare  cast-iron  pipe,  horizontal 3  2  8  lb.  . 002 1 7  lb. 

Blackened      do.  do 308  „  .00204  »» 

Bare  copper  pipe,  do 267  „  .00177  « 

Blackened      do.  do 308  „  .00204  „ 

Do.  do.       upright 359  „  .00238  „ 

Here  it  appears  that  the  blackened  surfaces  of  iron  and  of  copper  w 
equally  active;  and  that  the  upright  pipe  condensed  more  steam  than 
same  pipe  laid  horizontally. 

Mr.  Grouvelle  found  that,  in  a  temperature  of  60®  F.,  a  square  foot 
pipe  heated  by  steam  condensed  0.328  lb.  of  steam  per  square  foot 
hour.    Assuming  that  the  steam  was  of  20  lbs.  absolute  pressure,  the  dif 
ence  of  temperatures  was  228°  -  60°  =  168°  F.;  and  0.0020  lb.  of  steam  > 
condensed  per  square  foot  per  1°  F. 

Summarizing  the  several  results  above  for  bare  cast-iron  pipes : — 

Difference  of  temperature. 

Tredgold 161^  F. 

Bumat 196.6 

Clement 151 

Grouvelle 168 


Steam  condensed 

per  square 

foot 

per 

hour. 

total 

per  I* 

F. 

0.352 

lb. 

.0022 

lb. 

0.581 

>» 

.0030 

» 

0.328 

>» 

.00217 

» 

0.328 

»> 

.0020 

>» 

Average,  say,  for  steam ' 
of  20  lbs.  absolute 
pressure 


169  0.400  „         .00235  >»   say  V4«> 
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To  find  the  quantity  of  heat  dissipated  by  the  condensation  of  V4ao  lb. 
t  ifenm: — the  difference  of  the  sensible  and  total  heats  of  one  pound  of 
Ibmi  of  20  lbs.  absolute  pressure,  is  (1151 +32)- 228  =  955  units;  and 
bc-i>420  =  2.26  unitSy  the  heat  dissipated  per  square  foot  of  surface  per 
Tj.  difference  of  temperature  per  hour. 

To  compare  the  condensing  power  of  still  air  with  that  of  still  water,  and 
AniDg  to  the  contents  of  table  No.  160,  page  468,  in  the  absence  of 
oi  experiments  made  under  exactly  the  same  conditions,  it  may  be 
that  the  rate  of  condensation  in  thin  pipes  in  air  is  to  that  in 
bdow  the  boiling  point,  per  unit  of  surface,  temperature,  and  time,  as 
Eat  units  to  312  units,  or  as  i  to  138.  M.  Peclet  takes  the  ratio  as  i  to 
IH^  diough  so  high  a  ratio  is  scarcely  warranted  by  the  evidence. 

CmimsaHan  of  Sieam  in  a  Boiler  Exposed  in  Open  Air, — Messrs.  Fox, 
Ind,  &  Co.,  Middlesborough,  made  comparative  experiments  with  a 
IIMhboiler  on  their  premises,  in  two  conditions — naked,  and  covered 
it  non-conducting  cement  From  an  account  of  the  experiments  in 
ifMasTMif,  vol  vL,  it  app^^rs  that  steam  of  50  lbs.  absolute  pressure  per 
live  indi  was  maintained,  and  that  the  effect  of  removing  the  covering 
■I  that  one  cubic  foot  of  water  converted  into  steam  was  condensed  by 
piiqiiare  feet  of  exposed  boiler-surface  per  hour.  This  is  equivalent  to 
tf|  lbs.  of  steam  per  square  foot  per  hour.  The  weather  was  fine,  and 
Aqg  the  temperature  of  the  open  air  at  62^  F.,  that  of  the  steam  was 
|B-62°  =  236**  above  the  atmospheric  temperature;  and  the  rate  of  con- 
bsation  per  square  foot  per  degree  of  difference  of  temperature  per  hour 

1. 25-^236  =  .0053  lb. 

"he  latent  heat  of  one  pound  of  the  steam  was  904**  and  904  xi. 25  =  11 30 
Bits  of  heat  transmitted  per  square  foot  per  hour.  The  quantity  of  heat 
ansmitted  per  square  foot  per  degree  of  difference  of  temperature  per 
oar  was, 

1130-r  236  =  4.79  units. 

Us  is  more  than  three  times  as  much  as  was  found  to  be  transmitted  in 
t  still  air  of  a  room. 

Condensation  of  Vapours  in  Pipes  or  Tubes  by  Water. 

The  condensation  of  vapours  by  the  application  of  cold  water  or  air, 
in  principle  the  same  as  the  heating  of  water  or  air  by  steam;  and  the 
me  proportions  for  condensing  surface,  when  steam  is  to  be  condensed, 
e  applicable  in  the  two  cases. 

The  surface-condenser  of  a  steam-engine  is  a  case  in  point.  To  educe 
I  constant  quantity  of  heat  transmitted  per  unit  of  surface,  temperature, 
d  time,  close  analysis  of  the  indicator-diagram  would  be  required,  to 
low  exactly  the  variations  of  pressure  and  temperature  of  the  condensing 
am.  From  the  investigations  of  M.  Audenet,^  of  the  action  of  the 
face-condensers  on  board  the  transport  ship  Dives ^  it  appears  that  500 
giish  units  of  heat  were  transmitted  per  square  foot  per  1°  F.  difference 
temperature  per  hour.     These  condensers  were  arranged  in  three  groups 

^  Proctedings  0/ the  Institution  0/ CwiJ  Engineers,  vol.  xxxix.,  1874-75,  p.  399. 
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of  tubes,  successively  traversed  by  the  water.  For  the  condensers,  anangi 
in  two  groups,  on  board  the  Roc?iambcau^  the  constant  was  only  from  % 
to  240  English  units. 

A  valuable  series  of  experiments  on  the  surface-condensation  of  steami 
made,  in  1875,  by  Mr.  B.  G.  Nichol,  at  the  Ousebum  Engine  Works,  Nc 
castle.^  A  brass  tube,  %  inch  in  diameter  outside,  and  No.  18  wir^gn 
in  thickness,  was  inclosed  in  an  iron  pipe  3|^  inches  in  diameter  oatH 
%  inch  thick,  and  5  feet  5^  inches  long  between  the  ends.  Tbekn 
tube  exposed  an  external  condensing  surface  of  1.0656  square  feet  Sta 
was  admitted  into  the  pipe,  and  was  condensed  by  cold  water  pifl 
through  the  tube.  The  pipe  was  lagged  with  felt  and  wrapped  widi  wk 
spun  yam  to  a  diameter  of  4^^  inches.  It  was  tested  for  the  radiatXNi 
heat  from  its  external  surface,  which  had  an  area,  including  the  end^ 
5.48  square  feet;  the  inner  tube  having  been  sealed  up  during  the  test  Iti 
found  that  steam  of  an  average  temperature  of  245^  F.  was  condensed 
the  pipe  at  the  rate  of  1.4375  lbs.  per  hour,  equivalent  to  .262  lb.  ] 
square  foot  of  surface.  The  heat  transmitted  was  (total  heat  1154+; 
-  245  =  941  units  per  pound  of  steam  condensed;  and  it  was  (941  Tf  ,7k 
-=  246.5  units  per  square  foot  per  hour.  The  external  temperature  m  I 
workshop  was  60°  F. ;  the  difference  of  internal  and  external  tempcntii 
was  245° -60°=  195°;  thence  the  radiation  per  degree  of  difference 
temperature  was  246.5 -f- 195  =  1.26  units  per  square  foot 

The  temperature  of  the  steam  introduced  for  experiment  into  the  |^ 
was  about  255°  R,  for  a  total  pressure  of  32.5  lbs.  per  square  inch,  and  I 
initial  temperature  of  the  condensing  water  was  58°.  Two  series,  of  dv 
experiments  each,  were  made  with  the  pipe  in  a  vertical  and  in  a  horizon 
position.     The  following  are  the  principal  results  of  the  six  experiments > 

Vertical  Position.  Horizontal  Po»tion. 

123  456 

Steam  condensed  per  square  foot  of  tube  per  hour, — 

52.32,     78.18,     84.34,  67.8,       104.6,       1 21.3    pounds 

Condensing  water  passed  through  tube  per  square  foot  per  hour, — 
659,      2272,      3184,  633,        2505,        3390    pounds 

Condensing  water  per  pound  of  steam  condensed, — 

12.6,        29,        37.7,  9.3,  24,  27.9    pounds. 

Velocity  of  water  through  the  tube  in  feet  per  minute, — 

81,         278,       390,  78,         307,         415     feet 

Final  temperature  of  condensing  water, — 

I4o^      93'.5,       85°,  165^        loi^        94^5    F. 

Rise  of  temperature  of  condensing  water, — 

82°,       35°.5,       27^  Io7^        43',         36^5    F. 

'  An  excellent  account  of  these  experiments  was  published  in  Engineerings  of 
'o,  1875,  ^^^^^  which  the  principal  data  are  derived  for  this  notice. 
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Vcftical  Fositkm.  Horizontal  Position. 

123  456 

Mean  temperature  of  condensing  water, — 

99^       75**- 7,     7i°.5>  iii°.5,     TQ^^-S,        76°.2    F. 

Vean  difference  of  temperature  of  steam  and  condensing  water, — 

Heat  transmitted  from  steam,  reckoned  from  its  temperature,  per  square 
Ik  per  hour, — 

\    4Si96o,  68,670,  74,040,  59,650,    91,950,    106,700  units. 

\  Hett  transmitted  from  steam,  reckoned  from  its  temperature,  per  square 
jpot  per  hour,  per  i®  F.  difference  of  temperature, — 

^      «95,       383,        401,  422,        530,         600     units. 

^  Heat  absoibed  by  the  water  per  square  foot  per  hour, — 

j     54,038,  80,656,  85,968,  67,731-,  107,715,  123,735  units. 

r^Heat  absorbed  by  the  water,  per  square  foot  per  hour,  per  1°  F.  difference 
■temperatare, — 

i       346,       449,       466,  479,        621,         696     units. 

The  condensing  tube  acted  more  efficiently  in  the  horizontal  position 
in  the  vertical  position:  a  result  the  reverse  of  what  was  found  by  M. 
It,  condensing  in  air  (p.  474).  There  is  a  large  excess  of  heat  as 
off  by  the  water,  above  the  heat  as  calculated  from  the  quantity  of 
inm  condensed.  In  this  calculation,  it  is  assumed  that  the  condensed 
iom  left  the  pipe  at  the  temperatmre  of  the  steam;  but  very  probably 
tft  water  was  reduced  within  the  pipe  more  nearly  to  the  temperature  at 
ikidi  it  was  discharged — about  200°  F. 

It  appears,  further,  that  the  efficiency  of  the  condensing  surface  was  very 
■Ddi  increased  by  an  increase  of  velocity  of  the  water  through  the  tube. 

When  other  vapoius,  as  those  of  alcohol,  are  to  be  condensed,  it  may  be 
issomed  for  purposes  of  general  comparison,  that  the  weight  of  vapour 
Ibt  may  be  condensed  per  unit  of  surface,  temperature,  and  time,  will  be 
basely  as  the  total  heat  of  the  vapour.  The  total  heat  of  vaporized 
ilcohol,  by  table  No.  125,  page  372,  is  461.7  units,  which  is  about  Vioths 
tf  that  of  steam  at  one  atmosphere;  and  the  relative  weights  of  steam  and 
ikoholic  vapour,  at  this  pressure,  that  may  be  condensed  per  unit  of 
9Bhc6,  temperatiure,  and  time,  are  as 

461.7  to  1146.1,  or  as  I  to  2.5  nearly. 

WARMING  AND   VENTILATION. 

Ventilation. 

Mr.  Hood  finds  that  in  winter  from  3j^  to  5  cubic  feet  of  air  per  head 
!r  minute  are  sufficient,  under  ordinary  conditions,  for  the  proper  ventila- 
n  of  apartments;  and  in  summer,  from  5  to  10  cubic  feet  per  minute. 
ith  these  proportions  the  wholesomeness  and  purity  of  the  atmosphere 
;  maintained. 
These  proportions  a^ee  with  those  deduced  by  M.  Peclet;  according  to 


478 


APPLICATIONS  OF  HEAT. 


his  deductions,  $}4  cubic  feet  of  air  per  head  per  minute  is  the 
that  should  be  provided,  in  ordinary  circumstances.     When  the 
takes  place  by  numerous  apertures  from  below  upwards,  from  4  fo'^ 
cubic  feet  maintains  the  air  of  the  room  sufficiently  pure.    In 
cases,  as  in  hospitals,  from  30  to  60  cubic  feet  of  air  per  bed  per 
are  admitted. 

Ventilation  is  produced  by  natural  draft,  or  by  artificial  draft 
by  mechanical  means.      The  second  method  will  be  considered 
subsequent  section.     With  respect  to  the  first,  the  ascensional 
measured,  as  it  is  with  hot  water,  page  484,  by  the  difference  in 
of  two  columns  of  air  of  the  same  height,  the  height  being 
the  total  difference  of  level  between  the  inlets  for  warm  air  and  the 
into  the  atmosphere.    The  difference  of  weight  is  ascertained  from 
difference  of  the  temperatures  of  the  ascending  wanner  air  and 
external  atmosphere,  by  the  aid  of  table  No.  115,  page  351;  or  for  ii 
mediate  temperatures,  by  the  formulas  (9),  page  350,  and  (2),  page 
The  reasoning  that  is  applied  to  the  question  of  the  circulation  of 
columns,  page  485,  is  applicable  to  that  of  air-coliunns.     Suffice  it  fijr 
present  to  reproduce  the  following  table.  No.  163,  by  Mr.  Hood, 
the  rate  of  discharge  through  a  ventilating  opening  one  foot  square^ 
various  heights  and  differences  of  temperature,  calculated  by  a  rule  ' 
that  for  water  at  pa^e  485;  and  subjected  to  a  reduction  of 
the  calculated  quantities,  to  comprise  the  necessary  corrections  fiv 
contaminations,  chiefly  carbonic  acid,  which  go  to  increase  the 
gravity  of  the  current,  for  fiictional  resistance,  and  for  the  lesistanoe 
angular  deviations : — 

Table  No.  163. — Air  Discharged  through  a  Ventilator  per  Foot 
Square  of  Opening,  for  Various  Heights  and  Differences  of 
Temperature. 
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Excess  of  Temperature  of  the  Room  above  that  of  the  External  Air,       | 

in  Fahrenheit  degrees. 

Height  of  Ventilator 
from  the  Floor. 

_ 

5° 

10° 

15° 

20* 

25' 

30^ 

feet. 

cubic  feet. 

cubic  feet. 

cubic  fecL 

cubic  feet 

cubic  feet 

cubic  feet 

10 

116 

164 

200 

23s 

260 

284 

15 

142 

202 

245 

284 

318 

348 

20 

164 

232 

285 

330 

368 

404 

25 

184 

260 

318 

368 

410 

450 

30 

201 

284 

347 

403 

45° 

493 

35 

218 

306 

376 

•     436 

486 

531 

40 

235 

329 

403 

465 

S18 

570 

45 

248 

348 

427 

493 

5SI 

60s 

SO 

260 

367 

450 

518 

579 

63s 

The  velocity  of  the  draft  having  been  found  for  any  particular  case, 
together  with  the  quantity  of  air  to  be  supplied  per  minute,  the  sectional 
area  of  the  air  passages,  inlet  and  outlet,  may  be  simply  calculated  from 
those  data. 
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•*Iii  an  methods  of  ventilation,"  says  Mr.  Hood,  "it  is  advisable  to  make 
area  of  the  openings  that  admit  the  fresh  air  larger  than  the 
openings  for  the  efflux  of  the  vitiated  air.  This  becomes  necessary 
■Bf  illistanding  the  increase  of  volume  which  takes  place  in  the  heated  and 
-^  -  ^  jQj^  If  xhe  opposite  course  be  adopted,  and  the  eduction-tubes 
than  the  induction-tubes,  then  a  counter-current  takes  place  in  the 
or  ventilating  tubes,  and  the  cold  air  descends  through  them;  but 
bj^  making  the  induction-tubes  numerous,  and  of  a  large  total  area,  the 
■dodty  of  the  entering  current  is  reduced,  and  unpleasant  drafts  are 
■raided.  It  is  also  expedient  to  divide  the  entering  current  as  much  as 
poBible;  for  by  so  doing,  it  prevents  the  dangerous  effects  of  cold  draughts, 
■ben  the  entering  current  is  colder  than  the  air  of  the  room ;  and  when  it 
m  hotter  than  the  air  of  the  room  it  prevents  the  air  from  rising  too  rapidly 
kwaids  the  ceiling,  and  therefore  distributes  it  more  equally  throughout  the 
ipartment  Provided  the  aggregate  openings  for  the  admission  of  cold  air 
be  not  less  in  size  than  those  for  the  emission  of  the  heated  air,  the  quantity 
of  air  iriiich  enters  a  room  depends  less  upon  the  size  or  number  of  the  open- 
■tp  which  admit  the  fresh  air  than  upon  the  size  of  those  by  which  the 
iriBated  air  is  carried  off." 

In  very  hot  weather  and  with  crowded  assemblies,  the  draft  is  assisted  in 
theatres  and  some  other  large  buildings,  by  heating  the  air  in  the  upper 
)vt  of  the  ventilating  tube,  which  materially  accelerates  the  upward 
CBirent,  and  increases  the  influx  of  fresh  air.  The  heat  of  the  large  gasa- 
Icr  in  the  centre  of  the  house  near  the  ceilings  of  theatres  is  thus  utilized 
fir  ventilation. 

Another  mode  of  accelerating  the  draft  is  to  conduct  the  spent  air  into 
die  lower  part  of  a  vertical  shaft,  where  a  furnace  is  maintained  in  active 
combustion,  and  a  very  hot  column  of  air  is  maintained. 

Ventilation  of  Mines  by  Heated  Columns  or  Air. 

Reserving  for  a  subsequent  section  the  consideration  of  mechanical  venti- 
htioii,  the  ventilation  of  a  mine  by  the  assistance  of  a  furnace  placed  at  the 
bottom  c^  the  upcast  shaft  is  effected  by  the  heating  of  the  ascending  column 
of  air  and  other  gases  discharged  from  the  mine,  just  before  entering  the 
diaft,  by  burning  fuel  The  furnace  should  be  as  low  down  as  possible, 
»  as  to  afford  the  longest  colunm  of  heated  air  that  may  be  got,  since  the 
vdodty  of  draft  increases  as  the  square  root  of  the  height  of  the  column. 
The  fiimace  should  be  so  constructed  that  all  the  air  from  the  mine  should 
pK  freely  under  and  over  the  grate.  The  grate  may  be  six  feet  in  length 
fom  front  to  back,  but  only  the  frrst  four  feet  of  bar-surface  are  covered 
vith  fiiel;  and  with  air-space  round  the  arch,  the  radiant  heat  of  the 
fDnace  is  economized,  lliere  is  a  great  loss  of  heat  by  lateral  conduction 
tbroog^  the  rock  and  the  walls  of  the  shaft  \^lien  shafts  are  dry  and  bricked 
tfano^out,  a  temperature  of  200°  F.  is  the  greatest  that  can  be  had 
eooDGaiically.  Even  in  such  shafts  the  loss  of  heat  laterally  often  amounts 
Id  a  fifth;  and  in  shafts  which  are  wet  and  ud walled,  the  loss  amounts  occa- 
flODaDf  to  four-fifths  of  the  whole  of  the  heat  communicated.  According 
to  lit,  Mackworth,  100*  F.  shDuld  be  a  sufficiently  high  tem]>erature  for 
|Bod  ventilation;  it  is  relatively  economical,  and  does  not  do  much  injury 
to  Bxhinery.    Widi  a  powerful  furnace,  and  in  the  abbence  of  obstruciiou:*. 
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the  greatest  velocity  of  the  current  is  30  feet  per  second;  but  when  there  ii 
machinery  in  the  shaft,  the  velocity  seldom  exceeds  10  feet  per  seooodL 
The  first  object  in  ventilation  is  to  produce  a  slow  perceptible  moboa  ■ 
the  whole  of  the  air  of  the  mine.     At  a  velocity  of  30  feet  per  minixtey  tk 
flame  of  a  candle  is  just  perceptibly  deflected.     The  air  should  not,  If 
possible,  be  made  to  travel  faster;  for  the  resistance  of  the  sides,  and  \e^ 
ages,  increase  rapidly  as  the  velocity  is  increased.    The  air  should  be  healsd= 
uniformly,  but  slightly;  and  that  it  may  not  be  impeded,  the  fi 
should  be  5  or  10  fathoms  in  length,  and  should  rise  at  an  indinatiat 
of  I  in  4. 

One  pound  of  coal  of  average  composition,  when  completely  burned,  ii 
capable  of  raising,  in  round  numbers,  600,000  cubic  feet  of  air  1°  F.  a 
temperature.  At  Hetton  Colliery,  where  there  are  three  furnaces,  of  wUcfc] 
one  is  9  feet  wide,  and  two  are  8  feet  wide,  one  pound  of  coal  raises 
temperature  of  11,066  cubic  feet  of  air  62°  F.,  equivalent  to  the  caising  ofl 
1 1,066  X  62  =  686,092  cubic  feet  i®  in  temperature. 

One  of  the  best  examples  of  furnace-ventilation  is,  or  was,  to  be  found 
at  Morfa  Colliery,  South  Wales.  The  furnace  is  6  feet  2  inches  widc^  M 
the  base  of  a  shaft  10  feet  in  diameter,  and  60  fathoms  deep;  it  deliven 
62,000  cubic  feet  of  air  per  minute,  raised  to  a  temperature  of  198®  F.  hf 
the  combustion  of  5^  lbs.  of  coal.  The  average  temperature  of  die 
ascending  column  at  a  depth  of  25  yards  dovm  the  shaft  was  obsenrod 
to  be  188°,  just  before  coals  were  charged  on  the  grate;  two  minutes  ate^ 
charging  the  temperature  was  196°;  three  minutes  after  charging,  196°;  and  : 
eight  minutes  after,  191°.  The  "drag"  or  draft  was  3^  lbs.  per  sqiHW 
foot,  not  including  the  shafts.     The  useful  effiect  was,  therefore, 

62,000  X  3.5      r  -o  u 

— ! A_J  =  6.58  horse-power. 

33»ooo 

or  6^  horse-power,  as  estimated  by  Mr.  Mackworth;  from  which  he  infos 
that  i}(  horsepower  was  obtained  by  one  pound  of  coal  per  minute 
This,  reduced  to  the  ordinary  form  for  comparison,  is  equivalent,  for 
5.25  lbs.  X  60  =  315  lbs.  of  coal  consumed  per  hour,  to  48  lbs.  of  coil 
per  horse-power  per  hour.  At  Hetton  Colliery  it  is  found,  by  a  simibr 
calculation,  that  40  lbs.  of  coal  was  consumed  per  horse-power  per  hoar, 
in  a  shaft  150  fathoms  deep. 

It  is  stated  that  a  consumption  of  one  pound  of  coal  per  minute  Ar 
furnace-ventilation  is  sufficient  for  a  mine  employing  300  men,  in  die 
hottest  summer  day. 

In  collieries  at  Wrexham,  the  waste-steam  of  the  engine  is  employed  to 
heat  the  air  in  the  upcast  shaft.  A  cage,  consisting  of  1 50  gas-pipes  united 
at  top  and  bottom  by  hollow  cast-iron  rings,  is  placed  in  the  lower  part  of 
the  shaft,  or  in  the  return  drift,  the  exhaust  steam  is  condensed  in  the  cage, 
and  a  temperature  of  80°  F.  is  thereby  maintained.^ 

Cooling  Action  of  Window  Glass. 

Mr.  Hood  states  that  one  square  foot  of  window  glass  will  cod  1.28 
cubic  feet  of  air  (say  at  62°  F.)  i®  F.  per  minute,  or  76.8  cubic  feet  per 

*  The  data  contained  in  the  above  notice  of  the  ventilation  of  mines  are  derived  Grant 
lecture  by  Mr.  H.  Mackworth,  reported  in  the  CMfry  Guardian^  in  1858. 
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houTj  per  degree  of  difference  of  temperatures  of  the  internal  and  external 
atr.  One  unit  of  heat  will  raise  the  temperature  of  sS/4  cubic  feet  of  air 
Jt  62°  F.  by  I®  F.,  from  which  it  follows  that  heat  is  transmitted  through 
vindow-glass  from  the  air  of  a  room  to  the  external  air,  at  the  rate  of 

76.8 

i —  =  1.40  units, 

55-5 

per  square  foot  per  degree  of  difference  of  temperature  per  hour. 

The  relative  cooling  influence  of  wind,  or  air  in  motion,  on  glass,  was 
tested  by  exposing  the  bulb  of  a  thermometer,  which  was  raised  to  a  maxi- 
omm  temperature  of  120°  F.,  to  a  current  of  air  at  68**,  moving  at  various 
vdoddes.  The  time  required  to  cool  the  thermometer  20°,  varied  inversely 
Si  the  square  root  of  the  velocity. 

Heating  Rooms  by  Hot  Water. 

The  effect  of  hot  water  in  heating  air  is  a  function  of  the  respective 
specific  heats. 

The  average  specific  heat  of  water  between  32°  and 

212®  F.  is 1.005 

The  specific  heat  of  air  is '2377 

Ratio  of  densities  of  water  and  air  at  62°  F i  to    819.4 

Ratio  of  the  volumes  of  water  and  air  raised  i**  F. 
by  equal  quantities  of  heat  (i  to  819.4 -r. 2377).   i  to  3465. 

From  this  it  appears  that  one  cubic  foot  of  water  will,  by  parting  with  i®  F. 
of  heat,  raise  the  temperature  of  3465  cubic  feet  of  air  at  62°  by  1°  F. ;  or 
one  unit  of  heat  will  raise  $sj4  cubic  feet  of  air  at  62**  by  1°  F. 

Mr.  Hood  estimates,  from  experiments  made  by  Tredgold,  that  the  water 
GGDtained  in  an  iron  pipe  of  4  inches  diameter  internally  and  4j4  inches 
eitemally,  loses  0.851**  F.  of  heat  per  minute  when  the  excess  of  its 
temperature  is  125®  F.  above  that  of  the  surrounding  air,  and  that  one  foot 
in  length  of  the  pipe  will  heat  222  cubic  feet  of  air  one  degree  per  minute 
when  the  difference  of  temperature  is  125°  F.  This  estimate  is  too  low,  as 
it  is  based  upon  too  high  a  value  for  the  specific  heat  of  air,  namely,  .2767. 
If  the  quantity  be  increased  in  the  inverse  ratio  of  the  assumed  and  the 
actual  specific  heat  of  air,  the  volume  of  air  raised  1°  by  one  foot  length  of 
fioor-inch  pipe,  when  the  excess  of  temperature  is  125°  F.,  will  be 

222  X  '^L-J  =  258  cubic  feet. 
.2377 

Assuming  that  the  rate  of  cooling  of  a  hot-water  pipe  is  proportional  to 
tlie  excess  of  temperature,  it  would  follow  from  the  observation  above 
recorded  that  when  the  temperature  of  the  pipe  is  147°  F.  above  that  of 
tfae  air  in  the  room,  it  falls  1°  in  a  minute. 

Let  /  =  the  temperature  of  the  pipes,  /'  =  the  required  temperature  of 
Ihe  room,  /^  =  the  temperature  of  the  external  air,  V  =  the  volume  of  air  in 
cubic  feet  to  be  wanned  per  minute,  and  /=  the  length  of  the  pipe  in  feet 
Then,  according  to  the  preceding  data, 
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^,125  (/--QV 


222    (/-/') 


y  or, 


/=.S6V 


/-/' 


(I) 


using  Mr.  Hood's  divisor  222.     But 


/=.SoV 


t-f 


(i«) 


using  the  divisor  258.     Whence  the  rule: — 

Rule. — To  find  the  length  of  four-inch  pipe  required  for  heating  the  a 
a  building.  Multiply  the  volume  of  air  in  cubic  feet  to  be  wannec 
minute,  by  the  difference  of  temperature  in  the  room  and  the  ext 
temperature,  and  by  0.56  (Mr.  Hood),  or  by  0.50  (the  author),  and  d 

Table  No.  164, — Length  of   Four-inch   Pipe  to  Heat   1000  ( 

Feet  of  Air  per  Minute. 

Temperature  of  the  Pipe,  200**  F. 


Tbmpbraturb  of  the  Room. 


External 

Tempera- 

ture. 

45" 

50- 

55' 

Fahrenheit 

feet. 

feet 

feet. 

10^ 

126 

150 

174 

12 

119 

142 

166 

14 

112 

135 

159 

16 

105 

127 

151 

18 

98 

120 

143 

20 

91 

112 

135 

22 

83 

105 

128 

24 

76 

97 

120 

26 

69 

90 

112 

28 

61 

Zi 

104 

30 

54 

75 

97 

32 

47 

67 

89 

34 

40 

60 

81 

36 

32 

52 

73 

38 

25 

45 

66 

40 

18 

37 

58 

42 

10 

30 

50 

44 

3 

22 

42 

46 

— 

15 

34 

48 

7 

27 

50 

19 

52 

— 

II 

60- 


feet 

200 

192 

184 

176 

168 

160 

152 
144 

136 

128 

120 

112 

104 

96 

88 
80 
72 
64 

56 
48 

40 
32 


65* 


feet 
229 
220 
212 
204 

195 
187 

179 
170 
162 

154 
145 
137 

129 
120 
112 
104 

95 
87 

79 

70 

62 

54 


700 

75* 

feet. 

8o' 

85' 

feet 

feet 

feet 

259 

292 

328 

367 

251 

283 

318 

357 

242 

274 

309 

347 

233 

265 

300 

337 

225 

256 

290 

328 

216 

247 

281 

318 

207 

238 

271 

308 

199 

229 

262 

298 

190 

220 

253 

288 

181 

211 

243 

279 

173 

202 

234 

269 

164 

193 

225 

259 

155 

184 

215 

249 

147 

175 

206 

239 

138 

166 

196 

230 

129 

157 

187 

220 

121 

148 

178 

210 

112 

139 

168 

200 

103 

130 

159 

190 

95 

121 

150 

181 

86 

112 

140 

171 

77 

103 

131 

161 
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t  by  the  difference  of  the  internal  temperature  and  that  of  the 
e  quotient  is  the  length  of  pipe  in  feet 

Mr.  Hood.     Author. 

{, — For  three-inch  pipes,  use  the  multiplier  0.75,  or  0.67. 
For  two-inch  pipes,  do.        do.       1.12,  or  i.oo. 

!e  No.  164,  composed  by  Mr.  Hood,  shows  the  length  of  four- 
required  to  heat  1000  cubic  feet  of  air  per  minute,  when  the 
i  of  the  pipe  is  200°  F. 

tanfify  of  Air  to  be  Warmed  per  Minute, —  In  habitable  rooms  the 

o.  165. — Length  of  Four-inch  Pipe  required  to  Warm 

ANY  Building. 


ilding. 

1 

Length  of  Pipe 

per  1000  cubic 

feet. 

Temperature 
maintained. 

Remarks. 

and   large  ) 
)oms J 

rooms 

feet. 

5 

12 

Fahrenheit. 

55° 

65 
70 

55 
60 

/  In   very    cold    weather. 
j      If  the  air  is  regularly 
<       changed,  from  $0  to  70 
I      per  cent,  more  pipe  is 
V      required. 

14 
10 

12 

►ps,  waiting- ) 
Ice 1 

"•^^ ) 

do. 

ns,    manu- ) 

,&c. / 

do. 
nd  lecture- ) 

6 
8 
6  to  7 

50  to  ss 

60 
55  to  58 

oms  for  wet ) 
fee.     When  V 

rfiiled..V.*.*... 
aras  for  cur- 1 
on,    drying  > 
ather,  hides  j 
sesandcon- ) 
les J 

150  to  180 

120 

20 

35 

80 

70 

55 

In  coldest  weather. 

and  stove- ) 

45 

65  to  70 

Do.,        do. 

do. 
hot-houses, ) 
imber  pits .  j 

SO 
55 

70  to  75 
80 

Do.,        do. 

He, — ^The  lengths  of  pipe  are  only  suitable  for  buildings  on  the  usual  plan 
17  proportions. 
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total  quantity  is  equal  to  from  3  ^  to  5  cubic  feet  per  minute  for  ead 
person,  plus  the  equivalent  of  i  ^  cubic  feet  for  each  square  foot  of  gba. 
For  conservatories,  forcing-houses,  and  like  buildings,  the  quaDtitj  ( 
air  to  be  warmed  is  i  ^  cubic  feet  per  square  foot  of  glass  per  mimit 
The  radiation  of  heat  from  frames  and  sashes  made  of  metal  is  as  great  \ 
from  glass.  The  surfaces  of  these  are  to  be  included  in  the  calculatia 
For  wood  frames,  deduct  one-eighth  from  the  gross  area  of  surface. 

Approximate  Rules  for  the  Len^h  of  Four-inch  I^pe  reared  to  Wm 
any  Building. — Rules  are  deduced  by  Mr.  Hood  fix)m  the  results  of  expe 
ence,  and  they  are  generally  useful  in  practice.  The  multiplieis  a 
collected  in  the  table  No.  165. 

Proper  Diameter  of  Pipe. — The  four-inch  pipe  is  of  the  best  size  forj 
horticultural  purposes.  For  most  other  purposes,  smaller  pipes  nu 
generally  be  more  advantageously  employed. 

Loss  by  Sinking  Heating  Pipes  in  Trefu/ies. — When  pipes  are  placed 
trenches  covered  with  grating,  the  loss  of  heat,  as  estimated  by  Mr.  Hoo 
amounts  to  from  5  to  7  per  cent,  which  passes  into  the  ground. 

Motive  Po7ver  of  Water  in  Circulation  through  Heating  Pipes,— Ti 
ascensional  force  is  measured  by  the  difference  in  weight  of  the  ti 
columns  of  water  of  the  same  height,  ascending  and  descending  from  an 
to  the  boiler.  The  difference  of  weight  is  ascertained  from  the  differem 
of  the  average  temperatures  of  the  columns  from  which  the  respecti^ 
densities  are  deduced  by  the  aid  of  table  No.  109,  page  339. 

The  following  table  showing  the  difference  of  weight  of  two  columns  < 
water  one  foot  high  at  various  temperatures,  which  is  calculated  by  M 
Hood  by  Dr.  Young's  formula,  and  gives  practically  the  same  results ; 
Rankine's  formula,  table  No.  109,  page  339. 


Table  No.  166. — Difference  of  Weight  of  Two  Columns  of  Wate 
EACH  One  Foot  High,  at  various  Temperatures. 

Assumed  actual  Temperatures  from  170°  to  190**  F. 


1 

1 

Difference  of 

Temperature  of 

the  two  Culuinns. 

Diameter  of  Pipe. 

Difference  of  weigk 

per  square  inch. 

I  Inch. 

2  Inches.           3  Inches. 

1 

4  Inches. 

Fahrenheit. 

grains. 

grains.        1       grains. 

grains. 

grains. 

2° 

i-S 

6.3                   14.3 

254 

2.028 

4 

31 

12.7        '          28.8 

511 

4.068 

6 

4-7 

191      ;       43-3 

76.7 

6.108 

8 

6.4 

25-6         57.9 

102.5 

8.160 

10 

8.0 

32.0          72.3 

1 28. 1 

10.200 

12 

9.6 

38.5        87.0 

1 54. 1 

12.264 

M 

II. 2 

45.0        IOI.7 

180.0 

14.328 

16 

12.8 

514     ;    116.3 

205.9 

16.392 

18 

14.4 

57-9           131.0 

231.9 

18.456 

20 

i 

16.I 

1 

64.5           H5-7 

258.0 

20.532 
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The  Teloci^  of  circulaiion  is  that  of  a  falling  body  due  to  the  difieience 
cf  lieight  of  two  columns  of  water  of  equal  weights  or  pressures  on  the  base, 
nd  it  ?anes  as  the  square  root  of  the  difference  of  height  The  velocity 
njjfbe  found  by  the  aid  of  lable  No.  85,  page  280.  The  difference  of 
Iwght  is  proportional  to  the  difference  of  volumes,  table  No.  109;  and  if 
ibe  mean  height  be  increased  in  the  same  proportion,  the  increase  will  be 
the  height  from  which  the  velocity  is  to  be  calculated.  For  example,  let 
Ibc  mean  height  be  10  feet,  and  the  difference  of  average  temperatures  of 
the  two  colunms  10°  F.,  say  between  170°  and  180°.  The  respective 
nlumes  are  as  1.0369  and  1.031,  and 


Tlwn  10.04-  10  =  -04  foot,  the  difference  of  height;  and  the  velocity  due  to 
ihis  height  is  1.61  feet  pei  second,  or  96.6  feet  per  minute. 

If  the  height  be  20  feet,  the  difference  is  .08  foot,  for  which  the  velocity 
doe  is  136.20  feet  per  minute. 

In  practice,  of  course,  the  velocities  due  are  not  attained,  nor,  at  least 
n  the  more  complex  forms,  nearly  attained.  The  actual  velocities  are,  m 
tome  cases,  not  wok  than  a  half  or  even  a  ninth  of  the  velocities  due  to 
pavity. 

QvanfUy  ofCaaf  Hcqmrcd  to  H&xi  the  Pipa.—Vlx.  Hood  gives  the  fol- 
lovuig  table.  No.  167,  showing  the  quantities  of  coal  consumed  in  heating 
too  feet  of  pipe  for  various  differences  of  temperatures.  These  quantities 
ire  based  on  tiie  results  of  experiments  by  Rumford  and  others  in  heating 
«tcT  with  coal  as  fuel,  and  are  no  doubt  approximately  correct 


ForgiTendiflerencesof  temperature  or  tlie  pipe  ajid  theai 


DiffcrcsCT  of  Tcmpetilure  nC  ihe  PIk  and  ihi  Ait  ia  the  kasin  in 

ISO 

145 

.*> 

13s 

130    125- iw  lis  j  no  j  105    "»   9S 

,0 

8S 

So 

1      ^ 

n-. 

+V 

's-s 

1-3 

lis. 

4.S 
3  4 

3,2 
t.1 

4-4 
3-3 

4-1 

3-1 

4.<     3-9'3-7   3-6!3.4!3.a!3-<    2-9 
1,0 '10,9    0.9  !  0.9  1 0.8 '0.8    0.7  j  0.7 

a.8 
a.  I 
1.4 

0.1 

2,6 
a.o 

ck'6 

BeUer-Power. — One  square  foot  of  boiler-suriace  exposed  to  the  direct 
KtJon  of  the  fire,  or  three  square  feet  of  Hue-surface,  will  suffice,  with  good 
coal,  for  hearing,  in  round  numbers,  50  feet  of  pipe.  Mr.  Hood  &xef  the 
in^wtioD  at  40  feet  of  four-inch  pipe  for  all  purposes.  The  uiual  rate  of 
combtttticMi  of  coal  is  about  10  lbs.  or  11  lbs.  of  coal  per  square  foot  of 
fiifrgtate,  and  at  this  rate,  30  square  inches  of  grate  suffice  for  heating 
4a  feet  of  fburincb  pipe. 
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Four  square  feet  of  boiler-surface  exposed  to  the  direct  action  of  a  good 
fire  are  capable  of  evaporating  one  cubic  foot  of  water  per  hour.  The  best 
form  of  boiler  for  heating  purposes  is  shown  in  Fig.  126  annexed.    It  is 


^ 


t 


J 


Fig.  136. — Boiler  for  heating  purposes.  Fig.  127. — Boiler  for  heating  purposes. 

generally  made  of  wrought-iron  plates  rivetted  together.      Another  good 
form  is  shown  in  Fig.  127.  I 

French  Practice, — M.  Claudel  states  that  to  warm  a  factory  13  metres 
wide  by  3.25  metres  high  (43  feet  by  10.5  feet),  a  single  line  of  hot-water 
pipe  6^  inches  in  diameter  along  the  room  appears  to  be  sufficient,  the 
temperature  in  the  pipe  being  from  170°^  to  180**  F.  He  adds  that,  in  prac- 
tice, the  water  being  at  180**  F.,  and  the  air  at  60**  F.,  making  a  difference  of 
120®  F.,  it  is  convenient  to  reckon  from  1.5  to  1.75  square  feet  of  water- 
heated  surface  as  equivalent  to  one  square  foot  of  steam-heated  surface,  and 
to  allow  from  8  to  9  square  feet  of  hot-water  pipe-surface  per  1000  cubic 
feet  of  room. 

M.  Grouvelle  affirms  that  four  square  feet  of  cast-iron  pipe-^urfisux, 
whether  heated  by  steam  or  by  water  at  80°  or  90°  C,  or  176®  to  194*  F., 
will  warm  1000  cubic  feet  of  workshop,  maintaining  a  temperature  of  60®  F. 
Steam  is  condensed  at  the  i;^te  of  0.328  lb.  per  square  foot  per  hour. 

Perkins*  System, — ^This  system  consists  of  the  continuous  circulation  of 
water  through  endless  wrought-iron  tubes  of  J^-inch  bore  and  i  inch  out- 
side diameter,  proved  under  a  pressure  of  200  atmospheres.  The  tempera- 
ture of  the  water  at  the  upper  part  of  the  circuit,  varies  from  300®  to  400*  F., 
corresponding  to  pressures  of  from  4j4  to  15  atmospheres.  The  tubes 
become  red-hot  in  the  furnace.  The  length  of  tube  in  the  furnace  is  a 
sixth  of  the  total  length  of  the  circuit.  Twenty  feet  of  length  are  allowed 
for  heating  1000  cubic  feet  of  capacity.  Taking  the  mean  diameter  ^  inch, 
this  gives  four  square  feet  of  surface  per  1000  cubic  feet  Though  the 
heater  is  apparently  water-tight,  the  larger  sizes  are  subject  to  a  loss  of 
about  a  pint  of  water  in  eight  or  ten  days,  which  is  restored  by  means  of  a 
force-pump. 

M.  Gaudillot,  in  France,  manufactures  heaters  on  this  system  with  tubes 
of  from  1.20  to  1.60  inches  in  external  diameter.  They  support  a  pressure 
of  40  atmospheres  very  well. 

Heating  Rooms  by  Steam. 

To  find  the  length  of  pipe  required  for  heating  a  room  by  steam,  the 
temperature  of  the  steam,  which  varies  with  the  pressure,  and  may  be  found 
in  table  No.  128,  page  387,  is  to  be  employed  for  the  value  of  /  in  the 
formulas  ( i )  and  {ia\  page  482.  The  length  of  pipe  required  for  heating 
by  steam,  is  of  course  less  than  that  required  with  water,  as  the  temperature 
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is  much  higher.  Taking  a  standard  absolute  pressure  of  steam  of  20  lb 
per  square  inch,  the  temperature  is  228^;  and  if  the  room  is  to  bo  heate 
1060'*,  the  diflference  is  168°,  and  the  formula  ( i  tf ),  page  482,  becomes 

/'-/^ 

'=^3^ ^'> 

Rule. — 72?  Jind  the  length  of  four-inch  pipe  required  for  heating  the  air  i 
i  building  by  steam  of  20  ibs.  absolute  pressure  per  square  inch,  Multipl 
tbe  volume  of  air  in  cubic  feet  to  be  warmed  per  minute,  by  the  differenc 
of  the  external  and  internal  temperatures,  and  divide  the  product  by  33( 
Hie  quotient  is  the  length  of  pipe  in  feet 

Nate, — For  three-inch  pipes  use  the  divisor 252 

For  two-inch  pipes         „         „      168 

For  one-inch  pipes         „         „      84 

The  boiler  for  a  steam-heating  apparatus  should  be  capable  of  evapoi 
atiog  as  much  water  per  hour  as  Uie  pipes  would  condense  in  the  sam 
tone.  Mr.  Hood  recommends  that  six  square  feet  of  direct  surface  ( 
boiler  should  be  provided  to  evaporate  a  cubic  foot  per  hour.  Now,  adop 
ii^  the  mean  weight  of  steam  of  20  lbs.  absolute  pressure  condensed  pc 
square  foot  of  pipe  per  degree  of  difference  of  temperature  per  hou: 
oamely  .00235  ^^^  ^^  quantity  of  pipe-surface  that  would  form  a  cubi 
ibot  of  condensed  water  per  hour,  taking  the  weight  of  this  volume  ( 
water  at  62.4  lbs.,  would  be,  per  1°  difference  of  temperature, 

62.4  -j-  .00235  =  26,550  square  feet. 

For  a  difference  of  168^  the  required  surface  would  be 

26,550  -H  168®=  158  square  feet,  say  160  square  feet. 

Four  square  feet  of  direct  boiler-surface,  or  its  equivalent  of  fiue-surfac< 
should,  therefore,  be  provided  for  every  160  square  feet  of  steam-pipe  cor 
raining  steam  of  20  lbs.  absolute  pressure  per  s(|uare  inch,  and  maintainin 
a  temperature  of  60^  F.  in  a  room. 

The  following  lengths  of  pipe  are  required  to  present  160  scjuare  feet  ( 
sortace: — 

Leog;th  for  Length  for 

X  square  fooc         z6o  square  iSset. 

4-inch  pipe,  %  inch  thick, 10.2  inches,      136  feet 

3        »»  »»  »>         ^3-o      >f  173    >» 

2  7»  M  »»  Io-3        n  244     n 

I      y,      yi       „      3^-6    M        4S8  „ 

French  practice. — ^According  to  M.  Grouvelle,  one  square  metre  of  pip 
surface,  l^ated  by  steam,  sufficed  to  heat  and  maintain  at  15'*  C,  or  sa 
60^  F.,  a  room  with  ordinary  proportions  of  walb  and  windows,  such  i 
a  library  or  an  office,  of  from  66  to  70  cubic  metres  of  capacity,  or  a  worl 
shop  of  from  90  to  100  cubic  metres.  If  the  workshop  is  to  be  maintaine 
at  ft  high  temperature,  a  square  metre  of  surface  is  allowed  for  70  cubi 
metres.    The  Exchange  at  Paris  b  sufficiendy  heated  by  one  square  meti 
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lor  67  cubic  metres.  Tlie  allowance  of  one  square  metre  for  70  cubic 
metresjs  equivalent  to  4.35  square  feet  per  1000  cubic  feet  of  capadtj;<^ 
to  5,11  lineal  feet  of  four-inch  pipe  per  1000  feet 

For  heating  workshops,  8  metres  wide  by  3  metres  h^h,  having  16* 
square  feet  of  section,  with  a  window-surface  one-sixth  of  the  total  soi&o^ 
engineers  in  France  allow  an  iron  pipe  of  16  inches  in  circumrerence,  Ct 
5  inches  in  diameter,  passing  once  through  the  shop,  presenting  1.33  atpat, 
feet  of  surface  per  foot  run,  or  5,2  square  feet  per  1000  cubic  feet,  the 
same  as  has  just  been  calculated. 

According  to  the  observations  of  M.  Peclet  on  steam-heating  appanlu^ 
particutariy  in  a  large  factory,  for  a  maximum  difference  of  36°  F.  betw«» 
the  interior  and  exterior  temperatures,  it  was  necessary  to  reckon  1 
delivery  of  26  units  of  heat  per  hour  per  square  foot  of  wall  of  13  c 
inches  in  thickness,  and  30  units  of  heat  per  square  foot  of  glass. 

Heating  bv  Ordinary  Open  Fires  and  CuiMNEva 

M.  Claudel  says  that  the  quantity  of  heat  radiated  into  an  apartment 
a  fireplace  is  about  one-fourth  of  the  total  heat  radiated  by  the  corobasdUb 
The  heat  radiated  into  an  apartment  from  wood  when  burned  amonnb 
to  only  6  or  7  per  cent  of  the  total  heat  of  combustion.  For  coal  and  lor 
coke,  the  heat  thus  utilized  amounts  to  about  13  per  cent  j 

In  burning  wood,  Drdinaiy  chimneys  draw  about  1600  cubic  feet  of  air  9 
per  pound  of  fuel ;  and  better  constructed  chimneys  about  1000  cubic  fcct  J 
A  sectional  area  of  from  50  to  60  square  inches  is  sufficient  for  the  chim-  a 
neys  of  ordinary  apartments.  For  apartments  designed  to  hold  a  grot  1 
number  of  persons,  a  section  of  400  square  inches,  say  32  by  13  inches,  il  1 
usually  employed.  1 

From  experiment  it  appears  that  the  proportions  of  fuel  required  to 
heal  an  apartment  are  as  100  for  ordinary  fire-places,  63  for  metal  stava, 
and  from  13  to  16  for  apparatus  similar  to  stoves,  with  open  fires. 

Heating  bv  Hot  Air  and  Stoves. 

Sylvester's  cockle-stove  is  constructed  of  wrought-iron,  ){  inch  thick, 
formed  with  an  arch  and  two  sides,  closed  at  the 
ends,  through  one  of  which  the  furnace-mouth  ii 
made  The  furnace  is  formed  of  fire-brick  witlun 
the  case  and  the  products  of  combustion  are 
drawn  off  by  flues  below  the  furnace.  The  caic 
IS  mclosed  m  flre-brick,  with  about  5  inches  den 
space  for  the  circulation  of  the  air  to  be  heated. 
The  air  is  introduced  through  the  brickwork  at 
the  low  er  part  of  the  sides,  through  numerous  iron 
tubes  which  are  laid  to  within  an  inch  clear  of  die 
sides  of  the  Lase,  and  cause  the  fresh  air  to 
impinge  upon  the  heated  surface.  The  air  (hos 
^  brought  in  passes  over  the  entire  surface  of  the 
cockle  into  the  upper  part  of  the  envelope,  whence 
It  IS  led  auay  through  any  required  number  of  pipes  to  the  different  rooms 
to  be  wanned      The  ends  of  these  exit  pipes  are  placed  within  an  inch 


HEATING  BY  OPEN   FIRES,   HOT  AIR,   AND  STOVES.         489 

;  the  top  of  the  case.  One  of  these  cockle-stoves  is  illustrated  by 
12B;  the  wrought-iron  case  is  5  feet  square  by  5  feet  high.  There  are 
150  to  200  air  pipes  2  inches  in  diameter,  or  2  inches  square,  at  the 
The  grate  contains  about  5  square  feet  of  area,  and  the  flues  at  the 
D  are  9  by  6  inches. 

n  the  resiilts  of  Mr.  Sylvester's  experiments  with  a  smaller  cockle- 
it  was  found  that  with  a  consumption  of  5  lbs.  of  coal  per  hour,  and  a 
|[  surface  of  17  square  feet,  the  temperature  of  344,600  cubic  feet  of 
;  raised  56®  F.  in  twelve  hours,  with  60  lbs.  of  coal;  being  equivalent 
heating  of  95,000  cubic  feet  of  air  i®  F.  per  square  foot  of  surface 
it;  or  to  the  heating  of  321,626  cubic  feet  of  air  1°  F.  by  one  pound 
L  It  thus  appears  that  each  square  foot  of  cockle-surface  is  equal 
uare  feet  of  hot-water  pipe. 

rA  Practice, — From  results  obtained  by  M.  Peclet,  it  is  ascertained 
len  the  flue-pipes  of  stoves,  conveying  hot  products  of  combustion, 
rectly  the  air  of  a  room,  the  quantities  of  heat  passed  off  per  square 
ir  hour  for  i**  F.  difference  of  temperature,  vary  according  to  the 
J  of  the  pipe  as  follows : — 

Cast-iron, 3.65  units  of  heat 

Sheet-iron, 1.45     „  „ 

Terra-cotta,  0.4  inch  thick, 1.42     „  „ 

lay  be  noted  that  the  great  difference  here  observable  between  cast 
ought  iron  in  passing  heat  from  a  flue  to  the  outer  air,  does  not  exist 
he  pipe  is  occupied  by  steam  or  hot  water.  If  an  excess  of  temper- 
sjual  to  800®  F.  be  assumed,  as  between  the  inside  and  outside  of 
c,  the  quantities  of  heat  given  off  per  square  foot  per  hour  would  be, 

For  cast-iron, 3.65  x  450=  1642  units  of  heat. 

For  sheet-iron, 1.45x450=   652     „  „ 

For  terra-cotta, 1.42x450=    639     „  „ 

practice,  the  same  surface  is  allowed  for  cast  and  for  sheet  iron ; 
rate  of  one  square  foot  for  328  cubic  feet  of  space  to  be  heated. 
ameters  of  stove-pipes  vary  from  4  to  8  inches. 

air  thus  heated  receives  a  degree  of  humidity  from  a  vase  full  of 
placed  on  the  stove.  The  water  so  dissipated  amounts  to  a  little 
ban  2^  pints  per  day  for  a  room  of  from  2500  to  3000  cubic  feet  of 

y- 

se-stcrves  plcucd  in  the  Room  to  be  Warmed, — M.  Claudel  says  that 
stoves  are  employed  in  schools  and  hospital-wards;  they  consist  of 
ight  column,  square  or  cylindrical,  from  5  to  7  feet  high,  inclos- 
\  furnace;  surmounted  by  a  pipe  which  rises  vertically,  and  is  then 
nearly  horizontally  through  the  apartment  to  a  chimney.  The 
I  is  inclosed  in  an  outer  casing  of  sheet  iron  or  brickwork,  with  an 
ace  into  which  the  external  air  is  admitted,  and  from  the  upper  part 
:h  the  air  passes  into  the  room.  The  temperature  of  the  furnace 
ot  exceed  from  1100°  to  1300°  F.  In  practice,  it  is  found  conven- 
assume  that  the  products  of  combustion  leave  the  stove  at  a  temper- 
f  about  950®  F.,  or  500°  C,  that  they  are  completely  cooled  in  their 
that  the  temperature  of  the  room  is  60^  F.,  and  that  the  quantity  of 
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heat  emitted  is  the  same  as  if  the  pipe  had  an  average  temj 
480°  F.,  or  250°  C.     A  heating  surface  of  from  20  to  30  square 
allowed  per  pound  of  coal  burned  per  hour,  not  reckoning  the 
the  stove.     Large  grates  are  preferred,  with  slow  combustion. 

HousC'Stoifes  placed  Outside  the  Room  to  be  Heated. — The  useful 
these  stoves  may  be  taken  at  from  60  to  70  per  cent  of  the 
power  of  the  fuel.  The  surface  of  grate  should  be  15  square  in< 
pound  of  coal  consumed  per  hour.  The  heating  surface  is  two 
metres  per  kilogramme  of  coal,  or  per  two  kilogrammes  of  wood: 
to  10  square  feet  per  pound  of  coal  per  hour.  From  2j^  to  {^ 
of  water  are  consumed  per  1000  cubic  metres;  or  i  pint  for  from  i< 
1400  cubic  feet  of  space. 

The  spent  air  of  the  room  is  passed  off  into  a  chimney. 


HEATING  OF  WATER  BY  STEAM  IN  DIRECT  CONTACT/ 

The  heating  of  water  by  steam,  when  the  elements  are  brought 
direct  contact,  is  practically  instantaneous.  The  author  made 
on  this  subject  by  admitting  steam  at  90  lbs.  effective  pressure 
locomotive-boiler  into  a  body  of  cold  water  contained  in  a  cylii 
reservoir,  3  feet  6  inches  in  diameter,  and  1 5  feet  long,  made  of  ^^ 
iron  plate,  having  a  total  capacity  of  144  cubic  feet.  The  steam  was 
veyed  from  the  boiler  to  the  reservoir  by  a  i-inch  pipe,  from  which  it 
freely  discharged  into  a  2-inch  iron  pipe,  open  at  the  extremity,  laid  in 
water  along  the  bottom  of  the  reser\'oir.  The  reservoir  lay  horizont 
without  any  covering,  in  a  factory.  Fifty-five  and  a  half  cubic  feet,  or 
lbs.  of  cold  water  at  60°,  were  delivered  into  the  reservoir,  and  the  watt 
was  heated  by  the  steam  blown  into  it  to  a  pressure  of  85  lbs.  effectif 
per  square  inch,  in  two  hours,  with  a  temperature  of  328®  F.,  or  throufj 
328  -  60  =  268°  F.  The  quantity  of  heat  communicated  in  two  hours  wa 
therefore,  3464  x  268  =  928,352  units,  at  the  rate  of  464,176  units  per  ho« 
Taking  the  initial  temperature  of  the  steam  of  the  boiler,  331®  F.,  and  d 

mean  temperature  of  the  heated  water  y— ?  =  194**;  the  mean  differeni 

2 

of  temperature  was  331-194=  I37^  and  the  quantity'  of  heat  commm 

cated  per  i**  F.  of  difference  per  hour  was, 

i^iiZ^  =  3388  units  of  heat. 
137 

To  communicate  the  whole  of  this  quantity  of  heat  through  the  surface 
a  pipe  at  the  rate  of  300  units  per  foot  per  1°  F.  per  hour,  there  woi 
have  been  required  3388  h-  300  =11.3  square  feet  of  surface.  It  is  probab 
as  a  matter  of  fact,  that,  though  the  2-inch  pipe  was  open  to  the  water 
the  end,  the  most  of  the  steam  was  condensed  within  the  pipe  before 
could  reach  the  end.  The  surface  of  the  pipe  had  about  8  square  feet 
area. 

There  was,  of  course,  a  loss  of  heat  by  radiation  from  the  surface  of  t 
reser/oir;  but  it  is  not  material  to  the  purpose  of  this  notice. 
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EVAPORATION  (SPONTANEOUS)  IN  OPEN  AIR. 


Jbcalled  *'  spontaneous  "  evaporation  from  water  exposed  to  air  proceeds 
temperatures,  when  the  conditions  are  suitable.     The  total  rate  of 
ion  is  in  proportion  to  the  extent  of  the  surface  exposed  to  the  air. 
of  the  temperature  of  the  liquid  is  attended  by  an  increase  of 
of  evaporation,  though  not  in  direct  proportion.    The  rate  of  evapora- 
greater  when  the  air  is  in  motion  over  the  surface  of  the  water  than 
it  is  at  rest     The  rate  of  evaporation  is  also  greater  in  proportion  as 
is  dryer,  or  the  less  the  moisture  previously  existing  in  the  air;  and 
die  contrary,  when  the  air  is  saturated  with  moisture,  the  evaporation 
ifedoced  to  nothing. 

^Wben  the  atmosphere  is  perfectly  dry,  the  rapidity  of  evaporation  is 

tional  to  the  pressure  of  the  vapour  due  to  the  temperature  of  the 

for  which  reference  may  be  made  to  tables  No.  127,  page  386,  and 

130,  page  396.     This  law  was  discovered  by  Dr.  Dalton,  who  gives 

libUowing  illustration : — 

illie  temperatures  212%  180%  164%  152°,  144%  138®, 

k pressures  are       30,      15,      10,      7>^,     6,        5    inches  of  mercury; 

d  die  weights  of  water  evaporated  at  these  temperatures  are  proportional 

to  3o>      i5>      io>      ly^f     6>        5- 

t  the  atmosphere  impedes  the  diffusion,  and,  consequently,  the  genera- 
1  of  vapour;  although,  ultimately,  the  full  charge  of  saturated  vapour 
J  to  the  temperature  is  absorbed  by  it     When  vapour  is  present  in  the 

irtiich  it  usually  is  to  a  greater  or  less  degree,  the  pressure  of  this 
our  is  to  be  deducted  from  that  of  the  vapour  due  to  the  temperature 
the  water;  and  the  residual  force  is  the  active  "evaporating  force." 

Dalton  found  that  with  the  same  evaporating  force,  thus  determined, 

same  rapidity  of  evaporation  is  maintained,  whatever  be  the  tempera- 
\  of  the  air. 

tut  when  a  current  of  air  blows  over  the  surface  of  the  water,  the  rapidity 
vaporation  is  greater  than  when  the  air  is  still,  because  the  air  in  motion 
eps  away  the  vapour  as  it  rises,  and  a  continuous  supply  of  compara- 
ly  dry  air  is  secured.  With  the  same  evaporating  force,  a  strong  wind 
double  the  production  of  vapour,  compared  with  the  quantity  produced 

still  atmosphere. 

>r.  Dalton's  experiments  were  made  with  an  evaporating  surface  of 
iches  in  diameter,  in  still  air  and  in  wind,  and  he  gives  a  table  of  the 
s  of  evaporation  in  grains  per  minute,  for  temperatures  up  to  85°  F.,  on 
assumption  that  the  air  is  perfectly  dry.^  The  following  table,  No.  168, 
ilculated  to  show  the  rate  of  evaporation,  in  pounds  per  square  foot  per 
r,  extended  up  to  212®  F.,  and  for  three  states  of  the  air: — when  still, 
Q  there  is  a  gentle  wind,  and  when  there  is  a  brisk  wind.  The  pressures 
pven  in  inches  of  mercury,  and  are  those  adopted  by  Dr.  Dalton,  which, 
the  purpose  of  the  table,  do  not  materially  vary  from  those  given  in 
e  No.  127. 
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Table  No.  i68. — "Spontaneous"  Evaporation  of  Water  ih  ! 
Air  and  in  Wind,  Assuming  thk  Air  to  be  Perfectlt 
TOR  Temperatures  from  32°  to  211°  F, 

(Founded  on  Ur.  Dallon'f  taUe*.} 


''w.l=r.T=     n.led«rMuuc 

Tcm-      p. 

i|     foJoft^^p^holir. 

Tmi- 

■sr'  '"-'    " 

ni&ccpcrla 

'rf'.h'r  ^ 

'^"-  (Aix-m.     "C^-J' 

Bmk 

wawr. 

A„«JL 

■isr 

F.ht.      ^ 

cbaof'.j     n^ 

lb,. 

lb. 

Fahr. 

indKiof 

lb<. 

Um. 

3*° 

200   ''  .0349 

.0448 

■0550 

"5° 

3-79 

.6619 

.8494 

35 

.0386 

■0495 

.0608 

130 

4-34 

.7580 

.9727 

40 

'63' 

■  0459 

.0589 

■°723 

'35 

5.00 

.8730 

t.I2I 

45 

3'6 

-055' 

.0708 

.0869 

140 

S-74 

1.003 

1.286 

50 

375 

-c>655 

.0841 

.1031 

'45 

6-53 

1. 140 

■■463 

55 

443 

.0774 

■0993 

.1218 

'50 

7.42 

1.296 

1.663 

60 

5=4 

.0917 

■i'7S 

.144' 

'55 

8.40 

1.467 

1.882 

62 

560 

.0979 

■1255 

.1540 

160 

9.46 

..652 

2.120 

65 

616 

.1076 

.1381 

.1694 

'65 

ia68 

1.865 

2.394 

70 

7-1 

■125T 

.1616 

.1983 

170 

I  a.  13 

2.118 

2.719 

75 

8st 

..486 

.1907 

.2341 

'75 

13.62 

a.378 

3053 

80      1 

.174& 

.2141 

■275' 

180 

'5"5 

2.646 

3-395 

8S       ' 

■7 

.2043 

.1622 

.3218 

'85 

17.00 

2.969 

3.8.0 

90      1 

36 

■^375 

.3048 

-3745 

190 

19.00 

3-3»8 

4.358 

95      r 

58 

.2760 

■3541 

•434'' 

■95 

21.22 

3.706 

4-758 

100      1 

86 

.3*48 

.4169 

.5'i6 

200 

23.64 

4.128 

5.298 

10s      1 

18 

.3807 

.4886 

.5996 

205 

26.13 

4-563 

5.856 

53 

-441S 

.5670 

.6959 

28.84 

5.034 

6.464 

115      2 

92 

.5100 

■6544 

.8030 

212 

30.00 

5.239 

6.724 

120     3 

33_ 

■5815 

■  7463 

.9160 

It  appears  from  the  table  that  the  rates  of  evaporation,  for  each  0 
three  conditions  of  the  air,  when  perfectly  dry,  are  in  simple  prop(»t> 
the  pressure  of  the  steam ;  and,  as  ajfected  by  the  stillness  or  the  mod 
the  air,  they  are— 


for  still  n 


a  gentle  wind, 


a  brisk  wind, 
1-57. 


It  is  to  be  understood  that  the  temperature  212°  is  a  limiting  tent 
ture,  which  cannot  be  actually  reached  without  displacing  the  air  cnlii 

It  is  also  to  be  remarked  that,  though  Dr.  Dalton  lays  down  the  pn 
tion  that  the  rapidity  of  the  evaporation  is  the  same,  whatever  may  b 
temperature  of  the  air,  yet  it  is  clear  that  water  is  evaporated  more  it 
when  a  warm  current  blows  over  it  than  when  it  is  travened  by  a 
current.  Such  increase  of  evaporation  is  probably  the  result  of  the 
action  of  heat  imparted  by  the  air  to  ihe  superficial  water,  the  "  evapo 
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t*  of  wliicii  is  increased  by  the  rise  of  temperature  due  to  the  heal 
from  die  air.     The  cooling  of  air  by  passing  it  over  or  through 
is  a  well-known  expedient     In  India,  the  air  of  apartments  is  cooled 
it,  as  it  enters,  through  and  o^-er  the  "  tatta, *'  a  bamboo  frame  or 
over  which  water  is  suffeied  to  trickle. 

what  has  been  stated,  with  respect  to  ''mixtures  of  gases  and 

*  page  392,  it  appears  that  the  condition  of  '*  saturation,*'  attributed 

mixtnre  cMf  vapour  and  air,  properly  belongs  to  the  \*apour  itself^  as 

wiien  it  has  airived  at  its  maximum  density-  and  pressure  for  the 

(rf  the  air. 

Ixoftfu  Table  Xa.  168. — Dr.  Dalton  gives  the  solution  of  the  problems 
upon  the  original  tables,  of  which  the  first  is  here  rendered  into  a 
in  relation  with  the  table  No.  168. 

To  find  th€  qucmtity  of  watfr  exposed  to  air  thai  would  be  ei>aporated 

tquare  foot  of  surface  fer  hour^  at  a  givefi  temperature  of  air,  with  a  given 

int.     Subtract  the  tabulated  weight  of  water  corresponding  to  the 

>int  from  the  weight  corresponding  to  the  temperature  of  the  air;  the 

ler  is  the  weight  of  water  that  would  be  e\*aporated  per  Si]uare  foot 

per  hour, 
weights  of  water  are  to  be  selected  from  the  3d,  4th,  or  5th  columns, 
ig  to  the  state  of  the  wind. 

had  the  de^'-point.  Dr.  Dalton  used  a  very  thin  glass  vessel,  into 

he  poured  cold  water,  of  which  he  noted  the  temperature.     If  the 

in  the  atmosphere  was  instantly  condensed  on  the  glass,  he  changed 

water  for  warmer  water,  and  so  proceeded  until  he  ascertained  the 

temperature — the  dew-point — when  he  could  just  perceive  a  slight 

deposited  on  the  glass.     The  dew-point  may  be  found  with  much 

precision  by  means  of  hygrometers,  described  at  page  393. 

r.  Pole  has  constructed  an  empirical  formula  which  roughly  represents 

results  of  Dr.  Dalton's  experiments.     Let  T  =  the  temperature  of  the 

,  lere  in  d^rees  Fahr.,  /=  the  dew-point,  V  =  the  velocity  of  the  wind 

'Biles  per  hour,  £  =  the  rate  of  evaporation  in  inches  per  day  from  a 

SQiiace^  and  A  =  a  numencal  coefficient     Then, 


A(ioo-V)' 


(3) 


The 


value  of  A  =  80  for  high  or  summer  temperatures,  and  A=  100  for 
or  winter  temperatures.     Dr.  Pole  remarks  that  Dalton's  tables  do  not 

e  for  cases  where  the  temperature  of  the  water  differs  materially  from 
of  the  air;  and  that,  probably,  in  such  cases,  T  should  be  made  to 
t  the  temperature  of  the  water-surface,  and  not  that  of  the  air.' 


DESICCATION. 

Tie  drying  of  wet  or  moist  materials,  by  means  of  currents  of  air,  is 
A  on  the  principles  already  announced  which  regulate  the  evaporation 
later  from  the  siurface.     If  a  current  of  air  be  saturated  with  moisture 


^  Mhuttes  of  Procetdings  of  the  Institittion  of  Ch'U  Eu^neers,  vol.  xxxix.  page  36. 
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or  vapour,  its  efficiency  for  drying  out  moisture  firom  bodies  with  wl 
comes  in  contact,  is  exactly  nothing.     To  act  as  a  dryer,  in  other 
assist  in  evaporating  and  carrying  off  moisture,  it  must  be  either  peifecdji 
or,  at  the  least,  sub-saturated ;  and  inasmuch  as  its  capacity,  in  the 
tional  language  already  explained,  for  absorbing  moisture — in  the 
vapour,  of  course — increases  with  its  temperature,  it  is  obvious  that 
higher  the  temperature  of  the  air,  the  greater  is  its  efficiency.     If,  tbo,^^ 
air-current  be  surcharged  with  heat,  it  stimulates  evaporation  in  two 
— by  imparting  a  portion  of  its  heat  to  the  wet  or  moist  surface, 
utilized  in  the  evaporation  of  the  moisture,  and  by  tolerating  the 
of  a  greater  quantity  of  moisture  in  mixture  with  it,  which  is  carried  a 
as  it  rises  from  the  surface  by  the  current. 

The  drying,  or  vaporization  of  moisture,  by  such  means,  invob 
course,  a  lowering  of  the  temperature  of  the  air,  or  the  moist  bodj^ 
both ;  and  the  problem  arises :  What  is  the  initial  temperature  of  diyl 
required? 

The  first  problem  for  solution  is  twofold: — Given   the  final 
ature  at  which  the  saturated  mixture  is  to  be  discharged,  what  is 
quantity  of  dry  air  required  for  a  given  weight  of  vapour  in  saturated 
ture?  and  to  what  initial  temperature  is  the  air  required  to  be 
order  to  supply  heat  for  the  evaporation  of  the  given  weight  of 
The  answer  is  to  be  found  in  the  sub-sectiop  on  the  "  Prop)erties  of 
ated  Mixtures  of  Air  and  Aqueous  Vapour,"  with  table  No.  130,  page 

But,  in  ordinary  practice,  the  artificially  heated  air-current  does 
arrive  at  the  condition  of  saturation  before  it  is  discharged;  and  a 
surplus  of  air  is  therefore  to  be  provided,  the  proportional  amount  of  whk 
varies  with  the  circumstances  under  which  the  current  is  applied, 
standard  of  perfect  efficiency  is  presented  in  the  table  No.  130.  M.  Pedj 
notices  a  process  employed  by  M.  Montgolfier  for  drying  the  skins  I 
grapes  after  having  been  pressed,  by  means  of  a  forced  current  of  air.  ] 
was  found  that,  in  autumn,  5340  cubic  feet  of  air,  moving  at  a  velocity  I 
about  1 6  feet  per  second,  were  required  for  the  evap>oration  of  one  poui 
of  water  from  the  pressed  grapes.  Let  the  initial  temperature  of  the  air  tf 
assumed  at  64°  R,  then,  by  the  table  No.  130,  a  volume  of  dry  air  equi 
to  2526  cubic  feet  would  have  sufficed  to  evaporate  one  pound  of  watei 
but  if,  as  is  probable,  the  air  had  already  been  loaded  with  half  the  quantit 
of  moisture  it  could  carry,  then  at  least  double  the  tabular  quantity  wool 
have  been  necessary,  or  2526  x  2  =  5052  cubic  feet,  which  is  nearly  equal  t 
the  quantity  actually  employed. 

In  the  design  of  a  drying-chamber,  it  is  of  the  first  importance  that  tb 
air-current  should  be  admitted  at  the  highest  point  of  the  chamber  am 
discharged  at  the  level  of  the  floor.  The  reverse  process,  of  admitting  it  a 
or  near  the  floor,  and  discharging  it  at  the  upper  part,  is  vicious  practici 
In  the  latter  case  the  circulation  is  imperfect,  for  the  hot  air  seeks  d* 
most  direct  route  to  the  points  of  egress;  in  the  former  case  the  hotai 
is  uniformly  distributed,  and  if  the  points  of  discharge  are  properly  placd 
the  descending  current  is  applied  equally  over  the  area  of  the  chambe 
In  a  drying-chamber,  noticed  by  M.  Peclet,  for  drying  vermicelli,  at  SaB 
Ouen,  having  a  capacity  of  upwards  of  6000  cubic  feet,  and  heated  by  i 
of  from  86°  to  104°  F.,  the  following  were  the  results  of  heating  by  asceiM 
ing  and  by  descending  currents: — 
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VeXMICKLZJ   PRODrCKD. 

First  Quality.  Second  Quality.  Fermented. 

Above(iiiean  of  5  trials) 540  lbs.  400  lbs.  4.5  lbs. 

Wow      „  „       3,200   „     143   „     86.0   „ 

results  prove  decisively  the  sup>enority  of  the  descending  current 

ooQSumption  of  fiiel  with  the  descending  current  was  also  much 

ss. 

Dryhig-housefcrCalicoi^^ti), — In  a  drying-house  used  by  M.  Ren6  Duvoir, 

pieces  of  calico  were  suspended  from  bars  ranged  horizontally  across  the 

part  of  the  house.     Air  heated  to  250°  F.  was  admitted  through  a 

of  openings  from  a  brick  flue  at  the  floor,  regulated  by  dampers, 

which  it  rose  to  the  upper  part,  and  thence  descended  to  the  floor, 

it  was  discharged.     The  external  temperature  was  77°  F.,  and  the 

iperatuie  of  the  discharged  current  in  the  chimney  was  100°  F.     In  six 

150  pieces  of  calico,  holding  2490  lbs.  of  water,  were  dried,  with  a 

roption  of   706  lbs.  of  coal,  corresponding  to   an   evaporation  of 

.52  lbs.  of  water  per  pound  of  coaL     ITie  quantity  of  air  heated  to 

lo"*  F-,  for  this  duty,  was  1,943,000  cubic  feet,  the  weight  of  which,  at 

rate  of  13.52  cubic  feet  to  the  pound  (by  Rule  9,  page  350),  was 

f3»7^3  ^^     Then  143 7 13  x  .2377  =  34160  units  of  heat  for  i*^  F.  eleva- 

of  temperature,  and  for  250  -  77  =  173°,  the  total  elevation  of  temper- 

the  total  heat  consumed  was  34160  x  173°  =  5,909,250  units,  being 

the  rate  of 

5ty>9>  5    _  8370  units  per  pound  of  coal. 
706 

water  evaporated  per  pound  of  coal  was  3.52  lbs.,  for  which  1067 
of  heat,  reckoned  from  77®  F.,  were  absorbed  per  pound  of  water; 
for  3.52  lbs., 

1067  X  3.52  =  3756  units  of  heat, 

the  quantity  of  heat  utilized  for  evaporation  per  pound  of  coal,  being 
per  cent  of  the  total  heat  commuipcated  to  the  air. 
The  temperature  at  which  the  air  was  discharged  being  ioo%  it  was  23** 

iAove  the  external  temperature,  or  the  loss  by  the  excess  was  —3-  x  100  =  13 

173 
cent  of  the  whole  heat  communicated  to  the  air. 

The  distribution  of  the  heat  communicated  to  the  air  was,  therefore, 

ipproximately  as  follows : — 

In  ev^x>rating  moisture, 45  per  cent 

Carried  off  by  the  air, 13      „ 

Loss  by  radiation  and  conduction, 42      „ 


100 


It  is  easy  to  show  that  the  air  when  discharged  was  not  nearly  saturated. 
At  ICO*  F.,  the  temperature  of  discharge,  the  proportions  of  moisture  and 
IV  in  one  pound  of  a  saturated  mixture,  by  table  No.  130,  are  as  .283  to 
1641,  or  as  1  to  23.5.  In  143,713  lbs.  of  air,  therefore,  when  in  a  state  of 
Mmation,  there  would  have  been 


143,713  4-2  3. 5  =  6, 115  pounds  of  moisture. 


496  APPLICATIONS  OF  HEAT. 


But  there  was  only  2490  lbs.  of  moisture  in  the  air,  or  about  two^lM 
of  the  proportion  for  saturation. 

The  single  good  feature  in  this  diying-house,  is  the  extractioD  of  M 
spent  current  at  the  level  of  the  floor.  No  provision  was  made  to  eBbdl 
the  distribution  of  the  heat  uniformly  through  the  room;  and  there  can M 
no  doubt  that  the  condition  of  sub-saturation  of  the  air  was,  for  the  iMfl 
part,  the  result  of  the  absence  of  such  provision.  % 

Drying  Linm, — The  maximum  evaporative  performance  of  coal  in  drjMj 
linen,  does  not  exceed  an  evaporation  of  3  lbs.  of  water  per  pomid  of  Mi 
and  it  is  sometimes  as  low  as  1.36  lbs.  a 

Drying  Various  Stuffs, — According  to  M.  Rouget  de  Lisle,  in  onepomi 
of  wet  cloth,  after  having  been  wrung  or  pressed,  or  passed  throng  lU 
hydro-extractor,  there  remained  the  respective  quantities  of  water  d 
follows : — 

Water  Left  in  One  Pound  of 
Flannel.  Calico.  SUk.  Lnn. 

When  twisted, 2.00  lbs.  i.o  lb.  .951b.  .75  lb. 

When  pressed, i.oo  .6  .5  .40 

When  passed  through  the  \    e^ 

hydro-extractor, J    '^^  '^S  -3  .25 

In  these  instances,  the  centrifugal  machine  Avas  26  inches  in  diameto^ 
and  made  from  500  to  600  turns  per  minute. 

M.  Penot  made  experiments  on  drying- houses  at  Mulhouse,  and  foanl 
that  one  pound  of  coal  evaporated  from  1.02  to  2.86  lbs.  of  water:  the 
latter  under  favourable  circumstances. 

According  to  M.  Royer,  in  a  drying-house  31^^  feet  long,  26  feetwide^ 
and  62j^  feet  high,  the  heating  surface  of  the  stove  amounted  to  758 
square  feet,  with  a  consumption  of  55  lbs.  of  coal  per  hour.  There  woe 
during  tliese  trials,  lasting  fifteen  days  each,  evaporated  successively  2.37, 
2-53,  and  2.18  lbs.  of  water  per  pound  of  coal. 

Mr.  J.  R.  Napier,  in  drying  stuffs  by  air  heated  to  240''  F.,  with  a 
descending  draft,  evaporated  3  lbs.  of  water  per  pound  of  coal. 

Drying  Stuffs  by  Contact  with  Heated  Metallic  Surfaces, — M.  Clement 
applied  a  piece  of  calico,  weighing  2)4  lbs.,  holding  an  equal  weight 
of  water,  to  a  plate  of  copper  of  the  same  extent,  heated  by  steam  at 
212°  F. ;  and  it  was  dried  in  one  minute.  The  evap)oration  was  effected  at 
the  rate  of  1.42  lbs.  of  water  per  square  foot  per  hour. 

When  stuffs  are  dried  by  passing  them  over  cast-iron  cylinders,  heated 
by  steam  internally,  it  appears  from  experiments  made  by  M.  Royer,  that 
in  drying  calico  which  held  its  weight  of  water,  74  lbs.  of  water  were 
evaporated  by  the  condensation  of  102  lbs.  of  steam.  In  other  experiments 
made  with  a  machine  of  six  cylinders,  the  efficiency  in  drying  was  only 
two-thirds  of  that  attained  in  the  first-described  experiment  The  expen- 
ments  were  made  in  winter  in  a  place  which  was  imperfectly  closed. 

Drying  Grain. — It  is  reported  in  the  Engineer^  that  Messrs.  Crighton 
&  Co.,  Abo,  dried  450  lbs.  of  grain,  extracting  15  per  cent,  of  its  weight 
or  67)^  lbs.  of  water,  by  the  consumption  of  18  lbs.  of  birchwood,  being 
at  the  rate  of  3.75  lbs.  of  water  per  pound  of  wood. 

Drying  Wood. — In  the  forges  of  Lii)pitzbach,  Carinthia,  according  t( 
M.  Leplay,  wood  is  piled  and  dried  in  close  chambers  by  burning  a  part  0 
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the  wood,  averaging  a  fourth  of  the  total  quantity.  The  furnaces  are  below 
fc  floor,  between  which  and  the  furnaces  a  space  is  provided  for  the 
drcnbtioD  of  the  products  of  combustion  under  the  floor.  Air  in  consider- 
ik  quantity  is  admitted  to  and  mixed  with  the  products  of  combustion  to 
■odente  their  temperature  to  350''  F.;  when  the  current  passes  into  the 
Iper  chamber  amongst  the  wood  to  be  dried.  On  this  system,  there  is 
ODsiderable  loss  of  heat  by  radiation  and  by  the  excessive  dilution  of  the 
loducts  of  combustion  widi  air. 

At  the  Neuberg  factory,  the  products  of  combustion  circulate  in  a  species 
r  itove  constructed  of  thin  masonry,  and  pass  thence  through  cast-iron 
ipes  by  which  the  air  is  heated  for  drying  the  wood.  On  this  system  the 
ood  consumed  does  not  exceed  an  eighth  of  the  total  quantity. 
The  limit  of  temperature  at  which  wood  should  be  dried  ought  not 
>  aceed  340°  or  350°  F.  M.  Leplay  states  that  the  wood  to  be  dried 
mtains  40  per  cent,  of  water;  whence  it  appears  that  one  pound  of  the 
csh  wood  evaporates  1.20  lbs.  of  water  in  the  first  of  the  above-described 
rocesses;  and  in  the  second  process,  2.80  lbs.  of  water. 
In  a  system  of  drying-furnace  recently  adopted  in  France  for  wood,  peat, 
E.,  a  chamber  62  feet  long  and  14  feet  wide  is  employed.  The  wood, 
I  billets,  is  loaded  into  waggons,  having  a  capacity  of  about  100  cubic 
tt  each,  on  rails.  Each  waggon-load  successively  is  introduced  at  one 
ad  and  withdrawn  at  the  other,  whilst  the  mixture  of  hot  gases  and  air  is 
Produced  at  the  other  end,  and  passes  to  the  end  at  which  the  waggons 
DC  introduced.  A  temperature  of  270°  F.  is  maintained  at  the  middle 
f  the  chamber.  The  maximum  temperature  is  320°  F.  The  wood 
soains  sixty-four  hours  in  the  chamber,  and  the  usual  quantity  of  moisture 
contains,  from  20  to  25  per  cent,  is  evaporated  by  the  combustion  of 
%  cords  of  wood  for  every  16  cords  to  be  dried;  that  is,  i}4  lbs.  are 
nned  to  dry  16  lbs.,  evaporating  4  lbs.  of  water;  being  at  the  rate  of 
66  lbs.  of  water  per  pound  of  fresh  wood. 

HEATING   OF  SOLIDS. 

Ci^ld  Furnace, — M.  Peclet  estimates  that,  in  melting  pig  iron  in  an 
idinary  cupola,  by  the  combustion  of  30  per  cent,  of  its  weight  of  coke, 
\  per  cent  only  of  the  heat  of  combustion  is  actually  utilized.  This 
limate  is  based  on  the  result  of  an  experiment  by  Clement,  showing  that 
\  heat  and  melt  i  pound  of  pig  iron,  504  English  units  of  heat  are 


Plaster  Ovens. — He  also  states  that  to  dry  plaster,  the  heat  of  combustion 
F  7  per  cent  of  its  weight  in  wood  is  absorbed,  whereas  the  actual 
msomption  of  wood  amounts  to  from  9  to  14  per  cent, — showing  that 
om  50  to  80  per  cent  of  the  total  heat  generated  is  utilized. 

Mdallurgual  Furnaces. — Dr.  Siemens  states  that,  in  an  ordinary  reheating 

inacey  employed  in  metallurgical  operations,  one  ton  of  coal  is  consumed 

i  heating  i^  tons  of  wrought  iron  to  the  welding  point,  2700**  F.;  whilst 

(estimates,  in  terms  of  the  specific  heat  of  iron,  .114,  and  the  heating  power 

'  coal,  14,000  units  of  heat,  that  a  ton  of  coal  is  capable  of  heating  up 

)  tons  of  iron.     From  this  it  appears  that  only  4^  per  cent,  of  the  whole 

at  generated  is  appropriated  by  the  iron.     Similarly,  he  estimates  that 

32 
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barely  i}4  per  cent  of  the  whole  heat  generated  is  utilized  in  melting  pofc*  ; 
steel,  in  ordinary  furnaces;  whilst,  in  his  regenerative  furnaces,  a  ton  of  sted. 
is  melted  by  the  combustion  of  1 2  cwts.  of  small  coal,  showing  that  6  per 
cent  of  the  heat  produced  is  utilized. 

Blast-Furnace, — Mr.  J.  Lothian  Bell  ^  has  formed  detailed  estimates  of 
the  appropriation  of  the  heat  of  Durham  coke  in  the  Cleveland  Utit- 
fumaces;  from  which  the  following  abstract  has  been  prepared  :-«- 

Durham  coke,  it  is  assumed,  consists  of  92.5  per  cent  of  carbon,  2.5  per 
cent,  of  water,  and  5  per  cent  of  ash  and  sulphur.  To  produce  i  ton  of 
pig-iron,  there  are  required  1 1  cwts.  of  limestone,  and  49  cwts.  of  calcined 
iron-stone;  the  iron-stone  consists  of  18.6  cwts.  of  iron,  9  cwts.  of  oxygel^ 
and  21.4  cwts.  of  earths.  There  is  formed  7.26  cwts.  of  slag,  of  which  1.1 
cwt  is  formed  with  the  ash  of  the  coke,  and  6.16  cwts.  with  the  limestonfc 
There  are  21.4  cwts.  of  earths  from  the  iron-stone,  less  .74  cwt  of  basci 
taken  up  by  the  pig-iron  and  dissipated  in  fume;  say,  20.66  cwts.  Total 
of  slag  and  earths,  27.92  cwts. 

Mr.  Bell  assumes  that  30.4  per  cent  of  the  carbon  of  the  fuel,  whidi 
escapes  in  a  gaseous  form,  is  carbonic  acid;  and  that,  therefore,  only  51.37 
per  cent  of  the  heating  power  of  the  fuel  is  developed,  and  the  remaining 
48. 73  per  cent,  leaves  the  tunnel-head  undeveloped.  He  adopts,  as  a  unit 
of  heat,  the  heat  required  to  raise  the  temperature  of  1 1 2  lbs.  of  water 
I®  Centigrade. 

Distribution  of  the  heat  generated  in  the  blast-furnace  for  the  production 

of  I  ton  of  pig-iron: — 

UNITS.  nWCKMTi 

Evaporation  of  water  in  coke,  and  chemical  action, 

in  smelting,  4^,354  S4-i 

Fusion  of  pig-iron, 6,600  7.4 

Fusion  of  slag, i5>3S6  17.2 

Expansion  of  blast,  3,700  4.1 

Appropriated  for  the  direct  work  of  the  furnace,  74,010  82.8 

Loss  by  radiation  through  the  walls, 3,600  4.0 

Carried  away  by  tuyere-water, 1,800  2.0 

Sensible  heat  of  gaseous  products, 1 0,000  1 1 . 2 

Waste, 15,400         17.2 

Total  heat  generated  in  the  furnace, 89,410       loo.o 

The  undeveloped  heat  of  the  fuel  amounts  proportionally  to  89,410  x 

-^^  =  84,980  units.    Add  to  this,  the  sensible  heat  of  the  gaseous  products, 
51.27 

10,000  units,  and  the  sum,  94,980  units,  is  disposed  of  as  follows: — 

*  The  Journal  0/  the  Iron  and  Steel  Institute,  1 872,  1875.  The  abstract  given  in  the 
text  affords  but  a  meagre  notion  of  the  variety  and  extent  of  Mr.  J.  Lothian  Bell's  invesd^ 
gations,  the  value  and  importance  of  which  are  highly  and  justly  appreciated  by  manoiaC" 
turers  of  iron. 
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ttMuiwm  €f  tfu  waste  and  undeveloped  heat  of  the  fuel  required  for  the 

production  of  \  ton  ofpig4ron. 

UNITS.  PER  CENT. 

Generation  of  steam   for  blast-engine  and  various 

pomps  connected  with  the  work, 28,080        29.6 

Headng  the  blast  to  905**  F., 11,920         12.5 

Appropriated  for  direct  work, 40,000  42.1 

Loss  by  radiation  from  the  gas  tubes, 3320  3.5 

Loss  of  heat  escaping  by  the  chimneys,  2 1,660  22.8 

(temperature,  770®  F.,  from  boilers) 
(       Do.  640®  F.,  from  stoves) 

Radiation  at  boilers  and  stoves,  25  per  cent.,    16,240  17.1 

Waste,  41,220  43.4 

Loss  of  gases  from  blast-furnaces,  in  charging,  5  per  cent. ,  4, 7  40  5.0 

Sundry, 9,020  9.5 

Total  waste  and  undeveloped  heat, 94,980       loo.o 

For  the  performance  of  the  duty  according  to  these  analyses,  Mr.  Bell 
states  that  19.08  cwts.  of  carbon,  or  20.62  cwts.  of  coke,  are  required,  per 
too  of  iron  produced  from  ore  yielding  41  per  cent,  of  iron.  In  a  furnace 
hiving  18,000  cubic  feet  of  capacity,  80  feet  high,  i  ton  of  No.  3  pig-iron 
was  produced  with  2iJ^  cwts.  of  ordinary  Durham  coke,  from  Cleveland 
iron-stone. 

In  recent  years,  by  raising  the  temperature  of  the  blast  to  485®  C,  or 
905®  F.,  the  consumption  of  coke,  with  a  furnace  48  feet  high,  was  reduced 
to  28  cwts.  per  ton  of  iron.  With  a  cold  blast,  more  than  60  cwts.  would 
probably  have  been  required. 

It  is  stated,  that  at  Barrow  works,  where  the  Siemens-Cowper  regenerative 
stove  is  employed  for  heating  the  blast  to  1100°  F.,  the  quantity  of  coke 
omsamed  b  20.08  cwts.  per  ton  of  iron. 


\ 
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The  strength  of  materials  is  measured  by  the  resistance  which  tfaqfj 
oppose  to  alteration  of  form,  and  ultimately  to  rupture,  when  subjected  w\ 
force,  pressure,  load,  stress,  or  strain.  The  exigencies  of  scientific  predaoi! 
have  caused  the  general  substitution  of  the  word  "  stress"  for  the  good oUl 
engineer's  word  "  strain,"  as  expressive  of  force,  though  "  strain"  may  sd  i 
be  employed  to  express  alteration  of  form.^  ' 

Stress  is  applied  in  five  recognized  modes: —  "- 

I  St.  Tensile  stress,  tending  to  draw  or  pull  the  body  asunder.  The : 
immediate  effect  is  elongation,  \ 

2d.  Compressive  stress,  tending  to  crush  it.  The  immediate  effect  ii  ■ 
compression, 

3d.  Shearing  stress,  tending  to  cut  it  through.  The  immediate  effect  B 
lateral  compression,  elongation,  atid  deflection. 

4th.  Transverse  or  lateral  stress,  tending  to  bend  it  and  break  it  across, 
the  force  being  applied  laterally,  and  acting  with  leverage.  The  immediate 
effect  is  lateral  d^ection, 

5th.  Torsional  stress,  tending  to  twist  it  asunder,  the  force  acting  wi4 
leverage.     The  immediate  effect  is  angular  deflection, 

Mr.  Callcott  Reilly  aptly  reduces  the  varieties  of  stress  to  three  kinds 
of  simple  stress: — Tensile  stress,  compressive  stress,  and  shearing  streai. 
These  are  the  ultimate  forms  of  stress;  they  are  combined  in  transverse 
stress,  and  the  third  is  substantially  the  form  of  torsional  stress,  where  the 
strain  is  applied  over  a  very  short  length.  Or,  where  torsional  stress  is 
applied  over  a  considerable  length,  the  tensile  form  of  stress  is  combined 
with  shearing  stress. 

When  stress  is  applied  gradually  to  a  solid  body,  the  strain,  or  alteratioi 
of  form,  is  proportional  to  the  intensity  of  the  stress,  so  long  as  the  inhereni 
elastic  force  of  the  body  is  not  overbalanced  by  the  stress — so  long,  that  i 
to  say,  as  the  alteration  of  form  remains  within  the  elastic  limit,  the  stress 
at  the  same  time,  remaining  within  the  limit  of  elastic  strength.  When  th( 
elastic  limit  is  turned  and  exceeded,  the  body  begins  to  yield  unde 
gradually  accumulating  stress,  and  the  strain  or  alteration  of  form  become 
proportionally  greater  and  greater  with  the  intensity  of  the  stress,  until 
finally,  rupture  or  breakage  takes  place. 

*  As  Dr.  Pole  says,  in  his  lectures  on  Iron  as  a  Material  of  Construction^  this  wor 
strain  '*  appears  to  convey  its  idea  so  clearly  that  there  must  be  little  chance  of  expungii^ 
it  from  the  practical  mechanic's  vocabulary."  Mr.  Stoney  employs  it  exclusively  in  hi 
work  on  The  Theory  of  Strains.  Mr.  Kirkaldy  uses  the  word  "  stress"  in  his  reports  c 
his  experiments  on  the  strength  of  materials. 
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1  a  body  is  loaded  in  excess  of  the  elastic  limit,  without  breakage, 
IS,  when  unloaded,  towards  its  normal  form,  but  it  fails  to  regain  it 
so  fer,  deformed,  and  it  has  acquired  a  permanent  set  or  a  set, 
are  five  data  of  importance  to  be  observed  in  the  measurement  of 
igth  of  materials. 

Tie  limit  of  elasticity,  or  the  elastic  limit, 

he  greatest  stress  which  the  material  is  capable  of  sustaining  within 
ic  limit,  or  the  elastic  strength, 

he  strain^  or  alteration  of  form — elongation,  compression,  deflec- 
orsion — \i'ithin  the  elastic  limit. 

'he  total  extent  of  the  strain^  or  alteration  of  form,  with  the  set^ 
ipture  takes  place. 

'he  greatest  stress  which  the  material  is  capable  of  supporting 
ipture  takes  place ;  or,  the  absolute  strength, 

rst  and  second  data  are  of  prime  importance;  the  others  are  sub- 

For,  in  practice,  it  is  necessary,  in  order  to  insure  the  permanency 

:ture,  that  its  proportions  should  be  such  that,  under  the  maximum 

which  any  piece  is  to  be  subjected,  it  should  not  be  strained  be- 

elastic  limit  of  its  strength. 
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a  Quiescent  Load, — Since  the  intensity  of  the  elastic  resistance  in- 
liformly  with  the  total  space  through  which  the  action  of  the  stress 
ict,  it  may  be  represented  by  the  triangular 
::,  Fig.  129,  in  which  ab  is  the  total  space  de- 
md  B  c  is  the  measure  of  the  stress  applied. 
the  stress  bc=  10,000  lbs.,  and  the  space  ab 

then  the  stress,  10,000  lbs.,  which  has  been 
operates  through  a  space  of  i  inch,  and  has  been 
by  an  elastic  resistance  which  commenced  at 
creased  uniformly,  from  o  at  a,  to  10,000  lbs. 
e  intensity  of  the  resistance  at  different  points 

space  AB,  is  measured  by  the  ordinates  of  the 
parallel  to  the  base  through  the  given  points; 

space  be  divided  into  four  parts,  for  example, 
ints  a,  b,  r,  the  values  of  the  ordinates  a  a\  b  b\ 
e  intensities  of  the  resistance  at  the  points 

t* »  i'l-  _  J   Fig.  lao. — Deflection  under 

tlOn    a,b^C^   are   respectively  2500,    5000,   and  a  Quiescent  Load. 

If  an   indefinitely  great  number  of  ordi- 
drawn,  they  will  occupy  the  whole  area  of  the  triangle,  and  the 
ength  of  the  ordinates  will  be  half  the  base  bc,  equivalent  to 

a  ready  means  of  calculating  the  quantity  of  work  necessary  to 
piece  to  its  elastic  limit: — Multiply  half  the  elastic  strength  in 
y  the  space  in  feet  described  by  the  resistance  or  by  the  stress. 
uct  is  the  work  expended.     If  R==  the  elastic  strength  in  pounds^ 
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The  strength  of  materials  is  measured  by  the  resistance  which  thcjf 
oppose  to  alteration  of  form,  and  ultimately  to  rupture,  when  subjected  to 
force,  pressure,  load,  stress,  or  strain.  The  exigencies  of  scientific  precision 
have  caused  the  general  substitution  of  the  word  "stress"  for  the  good oH 
engineer's  word  "  strain,"  as  expressive  of  force,  though  "  strain"  may  still 
be  employed  to  express  alteration  of  form.^ 

Stress  is  applied  in  five  recognized  modes: — 

I  St.  Tensile  stress,  tending  to  draw  or  pull  the  body  asunder.  The 
immediate  effect  is  elongation, 

2d.  Compressive  stress,  tending  to  cnish  it  The  inmiediate  effect  is 
compression, 

3d.  Shearing  stress,  tending  to  cut  it  through.  The  immediate  effect  is 
lateral  compression,  elofigation,  and  deflection, 

4th.  Transverse  or  lateral  stress,  tending  to  bend  it  and  break  it  across, 
the  force  being  applied  laterally,  and  acting  with  leverage.  The  immediate 
effect  is  lateral  d^ection. 

5th.  Torsional  stress,  tending  to  twist  it  asunder,  the  force  acting  wifli 
leverage.     The  immediate  effect  is  angular  deflectioft, 

Mr.  Callcott  Reilly  aptiy  reduces  the  varieties  of  stress  to  three  kinds 
of  simple  stress: — Tensile  stress,  compressive  stress,  and  shearing  streaib 
These  are  the  ultimate  forms  of  stress;  they  are  combined  in  transvose 
stress,  and  the  third  is  substantially  the  form  of  torsional  stress,  where  the 
strain  is  applied  over  a  very  short  length.  Or,  where  torsional  stress  b 
applied  over  a  considerable  length,  the  tensile  form  of  stress  is  combined 
with  shearing  stress. 

When  stress  is  applied  gradually  to  a  solid  body,  the  strain,  or  alteration 
of  form,  is  proportional  to  the  intensity  of  the  stress,  so  long  as  the  inherent 
elastic  force  of  the  body  is  not  overbalanced  by  the  stress — so  long,  that  is 
to  say,  as  the  alteration  of  form  remains  within  the  elastic  limit,  the  stress 
at  the  same  time,  remaining  within  the  limit  of  elastic  strength.  When  th< 
elastic  limit  is  turned  and  exceeded,  the  body  begins  to  yield  und© 
gradually  accumulating  stress,  and  the  strain  or  alteration  of  form  become 
proportionally  greater  and  greater  with  the  intensity  of  the  stress,  until 
finally,  rupture  or  breakage  takes  place. 

*  As  Dr.  Pole  says,  in  his  lectures  on  Iron  as  a  Material  of  Constnution,  this  won 
strain  **  appears  to  convey  its  idea  so  clearly  that  there  must  be  little  chance  of  expongini 
it  from  the  practical  mechanic's  vocabulary."  Mr.  Stoney  employs  it  exclo^vely  in  hi 
work  on  The  Theory  of  Strains.  Mr.  Kirkaldy  uses  the  word  "stress"  in  his  reports  0 
his  experiments  on  the  strength  of  materials. 
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body  is  loaded  in  excess  of  the  elastic  limit,  without  breakage, 
hen  unloaded,  towards  its  normal  form,  but  it  fails  to  regain  it 
ar,  deformed,  and  it  has  acquired  a  permanent  set  or  a  set, 

five  data  of  importance  to  be  observed  in  the  measurement  of 

of  materials. 

limit  of  elasticity,  or  the  elastic  limit, 

greatest  stress  which  the  material  is  capable  of  sustaining  within 
mit,  or  the  elastic  strength. 

strain,  or  alteration  of  form — elongation,  compression,  deflec- 
ion — within  the  elastic  limit 

total  extent  of  the  strain,  or  alteration  of  form,  with  the  set, 
re  takes  place. 

greatest   stress  which  the  material  is  capable  of  supporting 
je  takes  place ;  or,  the  absolute  strength, 

md  second  data  are  of  prime  importance;  the  others  are  sub- 
r,  in  practice,  it  is  necessary,  in  order  to  insure  the  permanency 
e,  that  its  proportions  should  be  such  that,  under  the  maximum 
ich  any  piece  is  to  be  subjected,  it  should  not  be  strained  be- 
LStic  limit  of  its  strength. 
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Quiescent  Load, — Since  the  intensity  of  the  elastic  resistance  in- 

)rmly  with  the  total  space  through  which  the  action  of  the  stress 

,  it  may  be  represented  by  the  triangular 

Fig.  129,  in  which  ab  is  the  total  space  de- 

I  B  c  is  the  measure  of  the  stress  applied. 

*  stress  Bc=  10,000  lbs.,  and  the  space  ab 

len  the  stress,  10,000  lbs.,  which  has  been 

rates  through  a  space  of  i  inch,  and  has  been 

an  elastic  resistance  which  commenced  at 

ased  uniformly,  from  o  at  a,  to  10,000  lbs. 

ntensity  of  the  resistance  at  different  points 

ace  AB,  is  measured  by  the  ordinates  of  the 

Ulel  to  the  base  through  the  given  points ; 

►ace  be  divided  into  four  parts,  for  example, 

i  a,  b,  c,  the  values  of  the  ordinates  a  a',  b  b\ 

intensities  of  the  resistance  at  the  points 

^_»^  .•i_  _  _j   Fig.  xao. — Deflection  under 

n  a,b,c,  are  respectively  2500,  5000,  and    '^  a  Quiescent  Load. 
If  an   indefinitely  great  number  of  ordi- 
iwn,  they  will  occupy  the  whole  area  of  the  triangle,  and  the 
^  of  the  ordinates  will  be  half  the  base  b  c,  equivalent  to 

ready  means  of  calculating  the  quantity  of  work  necessary  to 
ce  to  its  elastic  limit: — Multiply  half  the  elastic  strength  in 
the  space  in  feet  described  by  the  resistance  or  by  the  stress. 
;  is  the  work  expended     If  R  =  the  elastic  strength  in  pounds^ 
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represented  by  the  triangles  o  ef  and  ogk,  formed  by  the  lines  th  aaifg.   ;i 
inteisecting  at  the  central  point  c;  in  wbidi  the  graduated  shoiteniogiu    } 
lengthening  of  the  ttm    £ 
at  any  given  hei^  m 
represented  by  horiioidd 
lines  drawn  across  Aetn- 
angles. 

The  horizontal  cod- 
pressive  stress  io  dc 
upper  half,  and  the  t» 
sile  stress  in  the  knn 
half  of  the  beam,  «i& 
respect  to  the  sedin 
fi/,  likewise  increase mi- 
formly  from  the  centnl 
point  o,  where  they  in 
zero,   to  the   uppe  and 


RectulgulAr  Beam, 


lower  surfaces  at  ^  and  d.  Such  is  the  ordinary  theoiy  of 
in  a  rectangular  beam,  and  it  is  assumed  that,  throughout  the  whole  Icngdi  of 
the  beam,  as  at  the  section  at  the  middle,  there  is  no  horizontal  stress  in  tkc 
central  line  nop,  with  respect  to  any  vertical  section.  This  line  is  theidCR 
called  the  neutral  lint  or  neutral  axis;  and  it  is  a  line  of  demarcation  betweei 
the  directly  horizontal  compressive  stress  above  and  the  tensile  stress  bdmt 
Further,  the  sura  of  the  compressive  stress  above  the  neutral  axis  b  eqod 
to  the  sum  of  the  tensile  stress  below,  and  each  may  be  replaced  by  its  re- 
sultant stress  at  the  resultant  centre  without  affecting  the  equilibrium.  If 
the  cross  section  of  the  beam,  Fig.  133,  No.  i,  be  divided  into  a  number  of 
strips  of  equal  thickness,  the  moment  of  stress  for  each  strip  in  the  uppa 
and  in  the  lower  group,  with  respect  to  the  neutral  axis  nop,  may  be  calcu- 
lated, and  the  sum  of  the  moments  for  each  group  divided  by  the  sum  of  the 


rtisistances,  when  the  quotient  will  be  the  resultant  radius.  But  this  calcu- 
lation may  be  saved  by  drawing  the  diagonals  eh  a.nAfg,  when  it  is  apparent 
that  the  shaded  triangles  formed  by  them  exhibit  the  relative  quantities  of 
stress  for  each  strip,  and  that  the  resultant  lines  of  stress,  tn  m  and  //,  pass 
through  the  centres  of  gravity  of  the  triangles,  each  at  a  distance  from  the 
neutral  axis  equal  to  two-thirds  of  the  half-depth  of  the  beam.  (Fig,  133,1.) 
These,  the  normal  stresses  or  resistances  due  to  the  absolute  horizontil 
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No.  X. 


I 


7t5 


'/..rJ 


No.  3. 


iion  and  extension  of  the  beam,  are  supplemented  by  diagonal 
es,  by  which  each  of  them  is  augmented  75  per  cent. 
icidate  the  origin  of  diagonal  resistance,  it  may  be  observed  that 
sr  and  lower  portions  of  a  beam — ^above  and  below  the  neutral 
ly  be  considered  as  two 
d  members  of  a  frame, 
t  their  surface  of  contact 
eutral  axis.  Let  r  6  ^, 
\^  Na  I,  be  a  triangular 
:ed  at  cd  and  loaded  at  B. 
3es  c  c'  and  d  d'  of  the 
nd  lower  members  are 
ely  extended  and  com- 
wfaen  the  load  is  applied, 
mgths  cc'  and  dd".  If 
abers  of  the  frame  are 
tarallel  to  each  other,  in 
ntact,  as  in  Figs.  134, 
extension  and  compres- 
e  place  as  before.  Let 
two  members  be  unitec 
ine  nop^  No.  3,  and  so 
ated  as  to  form  a  semi- 
the  extension  and  the 
sion  partially  neutralize 
ler: — at  the  neutral  line 
;y  are  absolutely  neutral- 
d  the  amounts  of  exten- 
id  of  compression  are 
ted  by  the  triangles  €'€"0 
d^  0,  The  structure  is 
i  a  certain  sense,  crip- 
ind  the  extension  and 
sion,    instead    of    being 

al,  are  curvilineal,  and  the  semi-beam  is  deflected,  as  in  No.  4. 
:ounteraction  here  pointed  out  is  necessarily  exerted  diagonally,  at 
•  of  45''  with  the  neutral  line;  as  in  the  line  o'c\  Fig.  135,  at  45*" 
t  transverse  section  c'd'.     The  diagonal  forces,  as  applied  to  the 
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Fij^  134.— Stress  in  a  Loaded  Beam 


c*            cc 

?7 

1 

ilL 

/y/Y/^^ 

^r" 

^».    X       X       ^         \.  { 

vOvv 

X^  X      X      w 

\^X  \  / 

X  1   * 

dL 

-     dr  t 

V 

3S- — Diagonal  Stress  in  a  Beam. 


Fig  136. — Diagonal  Stress  in  a  Beam. 


se  section  c'd'  strained  into  the  position  c'd"^  are  represented  by 
Is  at  45^  drawn  from  points  in  the  upper  half-depth  c"  0  to  the 
line  0o\  for  tensile  resistance;  and  from  points  in  the  lower  half- 
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depth  od"^  for  compressive  resistance.      Reproduce  the  upper  halfdeplh 
to  a  larger  scale,  in  Fig.  136.     Draw  the  perpendicular  r  «,  and  thence 
j)erpendicular  ns\  the  diagonal  extension  is  measured  by  nc'^  and 
horizontal  component  sc^  xst  the  horizontal  extension  at  the  upper  side 
the  beam,  due  to  the  length  of  the  portion  c'c"\     These  extensions 
also  measures  of  the  diagonal  force,  and  its  horizontal  component    1\ 
next  the  horizontal  line  /  //,  at  any  other  position  in  the  half-depth.    Ttt 
diagonal  v  u  becomes,  when  strained,  v  u\  at  45°,  and,  by  the  same 
struction  as  before,  the  extension  of  the  diagonal  is  measured  hy z u'y'^lS^.^ 
its  horizontal  component  is  x  u\     It  is  easily  deduced  from  the  simihrilf 
of  the  construction,  that  the  forces  measured  by  the  horizontal  componemi 
xu*  and  sc"  are  equal  to  each  other.    Similarly,  the  horizontal  components 
of  the  diagonal  forces  acting  throughout  the  whole  depth  of  the  section  ci^ 
are  equal  to  each  other.     They  may,  therefore,  be  represented  in  thdr 
entirety  by  the  rectangle  c'syOy  of  which  the  length  c's  is  equal  to  half  the 
length  c'c*^  of  the  triangle  c'c^o]  and  the  areas  of  force  represented  by  the 
rectangle  and  the  triangle,  are  equal  to  each  other. 

By  a  similar  argument,  the  diagonal  compressive  resistance  in  the  lover 
section  of  the  semi-beam,  may  be  analyzed.  It  is  the  simple  converse  of 
the  diagonal  tensile  resistance  in  the  upper  section. 

The  horizontal  resistance  due  to  diagonal  stress,  is  represented  diagram* 
atically,  on  the  cross  section,  by  Fig.  133,  No.  2,  in  which  the  shaded  area 
inclosed  by  the  verticals  e'^'  sLndf'h'  represents,  in  its  upper  half,  the  tensOe . 
stress;  and  in  its  lower  half,  the  compressive  stress;  for  which  the  resultant  1 
lines  of  stress,  m  m  and  //,  are  each  at  a  distance  from  the  neutral  an : 
equal  to  half  the  half-depth  of  the  beam.     The  two  elements  of  resistance  ■ 
(No.  I  and  No.  2)  are  combined  in  Fig.  133,  No.  3,  shoeing  in  deep  shad-  ' 
ing  the  combined  areas  of  stress  of  uniform  intensity;  the  amount  of  which  \ 
is  equal  to  that  of  the  semi-rectangle.     This  investigation  for  a  semi-beam 
is  applicable  for  a  beam  supported  at  the  ends,  and  loaded  at  the  middle,  • 
like  Fig.  132,  the  tensile  and  compressive  stresses  being  inverted.    The 
tensile  and  compressive  stresses  act  at  a  resultant  radius,  measured  from  the 

neutral  line,  of  (  (?  h-  -)-4-  2  =  )^  or  .5833,  taking  the  half-depth  as  i.    As 

\  3     2  / 12 

•5775  is  the  geometrical  radius  of  gyration  of  the  semi-rectangle  on  the 
neutral  axis,  when  the  half-depth  =  i  (see  page  289),  the  moment  of  resist- 
ance will,  for  simplicity,  be  taken  as  .5775,  when  the  area  of  the  semi- 
rectangle  and  the  half-depth  are  each  represented  by  unity.  Then  the 
total  moment  of  either  resistance,  tensile  or  compressive,  with  reference  to 
the  neutral  axis,  is  expressed  by  the  product  of  half  the  sectional  area  of 
the  beam  by  half  the  depth,  and  by  .5775,  and  by  the  extreme  tensile  or 
compressive  stress  per  unit  of  sectional  area.     That  is  to  say,  by, 

bid  ,  ,,  ,     y 

2        2 

in  which  ^=the  breadth,  ^/=the  depth,  both  in  inches;  and  ^=the  extreme 
tensile  stress  per  square  inch,  to  which  the  extreme  compressive  stress  is 
taken  as  equal.  The  sum  of  the  moments  of  the  tensile  and  the  com- 
pressive resistances  is,  therefore,  practically  twice  the  moment  {a)  round 
the  neutral  axis;  or 

.1444  ^//'jx2  =  .2888  ^dTV  (^) 
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When  the  beam  is  loaded  to  the  point  of  rupture,  the  extreme  tensile 
CSS  in  the  lower  surface  of  the  beam  becomes  equal  to  the  ultimate 
ength  of  the  material^ 

To  express  the  moment  of  the  load  or  weight  W: — Each  of  the  supports 
ind  b  carries  half  the  weight,  and  presses  upwards  with  a  force  equal  to 

;  tfie  leverage  of  each  of  these  pressures  on  the  section  of  the  beam  at 

e  middle^  is  half  the  span  /,  equal  to  ad  or  d by  and  is  — ;  therefore  the 

2 

xnent  of  the  weight  at  the  middle  is  expressed  by — 

W      /      W/  ,    V 

224 

tie  moment  of  the  weight  (^)  is  necessarily  equal  to  the  moment  of 

W/ 
sistance  (b);  or, —  =.2888  bd^s^  and  W/=  1.155  bd*s\  whence, 

4 

Vv  =  iiS5_^  (,) 

S= j—p (2) 

liat  is  to  say,  when  the  beam  is  supported  at  both  ends,  and  the  weight  is 
tfiied  at  the  centre^  the  breaking  weight  is  equal  to  the  product  of  the 
readth  by  the  square  of  the  depth,  and  by  the  ultimate  tensile  strength 
er  square  inch,  and  by  1.155;  divided  by  the  span. 

Also,  the  ultimate  tensile  strength  per  square  inch  is  equal  to  the  product 
f  the  breaking  weight  by  the  span ;  divided  by  the  product  of  the  breadth 
y  the  square  of  the  depth,  and  by  1.155. 

The  formula  (  i  )  signifies  that  the  breaking  weight  varies  directly  as  the 
seadth  of  the  beam,  directly  as  the  square  of  the  depth,  directly  as  the 
ensile  strength  of  the  material,  and  inversely  as  the  span. 

When  the  beam  is  fixed  at  both  ends  and  loaded  at  the  middle^  the  breaking 
vtight  is  equal  to  ij4  times  that  of  a  beam  freely  supported,  or 


W  =  LZ33^^.  (3) 


When  the  beam  is  fixed  at  one  end  only^  and  loaded  at  tlie  other  md^  the 
Iveaking  weight  is  one-fourth  of  that  of  a  beam  freely  supported  at  both 
Olds;  or 

W  =  :£!2-^.  (4) 

When  the  load  is  applied  at  any  other  point  than  the  middle  of  a  beam  freely 
nupauled  at  both  ends,  let  m  and  n  denote  the  two  segments  into  which  the 

*  In  the  intcnrention  of  the  diagonal  stress  in  deflected  rectangular  beams,  according  to 
tW  analysis  in  the  text,  is  found  the  solution  of  the  mystery  of  the  **  resistance  of  flexure," 
vUdi  has  been  so  denominated,  and  has  been  experimentally  demonstrated  by  Mr.  W. 
H.  Bariow.  The  contrast  between  the  action  of  the  diagonal  bracing  of  lattice-girders 
9A  that  of  the  solid  web  of  web-girders,  throws  a  flood  of  light  on  the  recondite  strains 
Ib  webs  and  in  solid  beams. 
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length  is  divided  by  the  load.      Then  the  breaking  weight  is  ii 
proportional  to  the  product  of  the  segments,  «r  x  «.     At  the  middk^^ 

III'      iin.          w     1. 155  ^^""s     I' 
=  _  X  —  =  — .     Whence  W=  — ^ x  — hmn)  or, 

224  /  4 

^y_.2Sg^(/'ls    ^^j 

fn  ft 

When   the  weight  is  uniformly  distributed   along  the  beam,  the 
breaking  weight  is  equal  to  twice  the  breaking  weight  as  applied  atj 
middle  of  a  beam  supported  at  both  ends,  or  at  the  end  of  a  beam 
the  other  end. 

IV/ten  the  beam  is  supported  at  both  ends  and  uniformly  loaded^ 

W  =  i:iLMl^  ^gj 

What  the  beam  is  fixed  at  both  ends  and  uniformly  loaded, 

^ _ 3.466  ^flTV  ^yji 

When  the  beam  is  fixed  at  one  end  only,  and  uniformly  loaded,  I 

W  =  -578J^  ^gj 

Generalized  Formula  for  the  Breaking  Weight  of  Symmetricai 

Solid  Beams. 

Let  the  area  of  the  section,  bd,  be  represented  in  the  expression  (« 
by  a,  and  the  radius  of  gyration  by  r,  the  half-depth  of  the  beam  being =1 
then,  by  substitution,  the  moment  of  resistance  of  the  half-depth  on  tii 

neutral  axis,  is  expressed  by— x—  xrxj=  - — —-.  and  twice  the  moma 

22  4 

is 

adrs              adrs  /  .v 
X  2  = id) 

4  2 

Then, 

—  =  •  and  W/  =  2  adrs\  ie) 

42 

whence  the  general  formulas — 

W2  adrs  f     V 

= ^ — ;  (9) 

/W  ,       , 

2  adr 

W  =  the  breaking  weight  at  the  middle. 
a  =  the  sectional  area  of  the  beam,  in  square  inches. 
//=the  extreme  depth  of  the  beam,  in  inches. 
r=the  radius  of  gyration,  taking  the  half-depth  equal  to  i. 
l^  the  length  or  span  of  the  beam  between  the  supports,  in  inche 
s  ^  the  ultimate  tensile  strength  of  the  material,  per  square  inch. 
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Sog 


Kwei^t  and  the  tensile  strength  ue  to  be  expressed  in  terms  of  the 

w  unit  (rf  wdzht,  whether  in  pounds,  hundredweights,  or  tons. 

fThe  fonnulas  (9)  and  ( 10)  are  applicable  to  solid  beams  of  any  symme- 

'  il  fonn  of  section,  no  part  of  which  is  overhung,  and  for  any  weight  and 

aaile  stress  not  exceeding  the  ultimate  weight  and  stress  for  the 


I,  Solid  Beams  (without  Overhang)  of  Symmetrical  Section. 

ns  of  beams  which  may  be  noticed  are  shown  by  Figs.  137,  in 
fa  the  radius  of  gyration  above  and  below  the  neutral  axis  as  a  centre, 
hnariied  by  a  horizontal  line.     The  neutral  axis  passes  through  the  centre 
■tf  gravity  of  each  section  at  the  level  of  half  the  depth. 


y 


I.  Square  and  Rectangular  Sections. — Nos.  i  and  3.  The  radius  of  gyra- 
gn  is  .5775  when  the  half-depth  is  i ;  and  substituting  this  value  of  r  in 
^5775JLi^^  or. 


Simula  (9),  W=^ 


For  square  beams. 


if^^-iis"/'' 


w  = 


■    (12) 


I.  Square  Section,  with  a  Diagonal  Vertieal. — No.  a.  The  radius  of  gyra- 
tion is  .40S3  when  the  half-diagonal  is  i ;  and,  by  substitution,  in  formula 
(9),  and  reduction, 

.Si 66  a //f  ,       , 

- ('3) 


w  =  -J 


The  diagonal  is  equal  to  1.414  times  the  side;  and,  calling  the  side  i/*, 
i=  1.414  a.    Substitute  this  value  in  formula  ( 13 ),  and  reduce;  then, 


V=HS1£^ 


■  (14) 


This  value  of  W  is  the  same  as  that  for  an  upright  square  section  ( 1 1 ), 
dMiwing  tliat  a  square  beam  is  equally  strong  whether  placed  upright  or 
diagonally. 
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3,   Circular  Sedion. — No. 
the  section,  and,  by  substitution  in  formula  (9),W 
_ads  _  .7854  rf'j 


The  radius  of  gyration  [5  half  the 


d 


w=," 


.      .         '■"! 

in  which  d  is  the  depth  or  the  diameter.     The  transverse  strength  d  at 
lar  sections  varies  as  the  cube  of  the  diameter. 

4.  Elliptical  Section. — No.  5.      The  area  is  .7854  time  the  product 
the  breadth  by  the  depth,  and  the  radius  of  gyration  is  half  the  half.*)!]) 


Substituting  in  formula  (9),  W  = 


'-50x.7854^^x./k 


y^  .7854 i^ 


Let  the  ratio  of  the  breadth  to  the  depth  =  c,  then  b  =  cd,  and 


2.  Fij^ycED  OK  Hollow  Beams  of  Symmetrical  Section. 

Hollow  or  flanged  beams  may  be  generally  descnbed  as  beams  of  oi 
hung  section  In  such  beams  the  diagonal  resistance  to  flexure  is  a 
excited  m  the  vertical  portions  of  the  section.  Figs  138  are  exuq 
of  overhung  sections  and  the  neutral  axis  passes  through  the  centR 
gravity 


Fip-  138  —Symmcfncml 


1.  Hollow-rectangular  or  Double  flanged  Sections. — Nos,  i,  a,  3. 

When  the  depth  is  considerable  compared  with  the  thickness  of  the  fia 
calculate  for  the  flanges  and  for  the  web  separately.  The  separatio 
the  web  from  the  flanges  is  shown  in  Fig.  139,  for  ihe  flanged  beam,  N 
and  it  is  to  be  done  in  the  same  manner  for  the  hollow  beam,  Ni 
The  moment  of  resistance  of  one  flange  is  sensibly  equal  to  the  produ 
its  sectional  area  multiplied  by  the  distance  d'  between  the  centres  ol 
flanges,  and  by  the  tensile  strength  per  square  inch;  or  to 

btd's^ttd's,  (/) 
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«fiSlr. 


ky 


Fig.  139. — Calculation  i>f 
Strength  of  Beam. 


rhich  /  is  the  depth  or  thickness  of  a  flange,  and  a  its  sectional 

The  web  is  treated  as  a  rectangular  beam  of  the 

^,  the  distance  between  the  centres  of  the 

This  is  greater  than  the  actual  depth,  as 

the  flanges;  but  the  excess  is  compensated 

the  metal  filled  in  at  the  angles.     Putting  /'  for 

thickness  of  the  web,  the  moment  of  resistance 

\ff  {*),  page  506, 

.2888/ir-j  =  .2888tf^^j,  {g) 

which  (jT  is  the  sectional  area  of  the  web.     The 
of  the  moments  (/)  and  {g)  is  equal  to  the 
of  the  weight;  or, 

—  =  tf//^.f  +  .  2888^1  V^.f;  (18) 

4 

,  W/=4a//''j+i.i55  d^ d*^ s  =  d'^ s  (4  a  +  1,1  $$  aT))  and, 

^^^j  (4^+1.155^0   ^j^^ 

That  is  to  say:  When  the  depth  is  considerable  compared  with  the  thickness 
wf  ike  flanges — ^multiply  the  sectional  area  of  one  flange  by  4;  and  multiply 
die  sectional  area  of  the  web  by  1.155.  Add  the  products  together,  and 
■ndtiply  the  sum  by  the  reputed  depth  of  the  beam,  and  by  the  tensile 
abength  per  square  inch,  and  divide  the  product  by  the  span.  The  quotient 
iitbe  breaking  weight 

Note, — ^The  reputed  depth  of  the  beam,  and  also  that  of  the  web,  are 
taken,  for  calculation,  as  the  total  depth  minus  the  thickness  of  one  flange. 

li  Method. — In  some  cases  the  strength  of  the  flanges  only  is  calculated, 

W/ 
when  the  web  is  comparatively  slight     Then,  —  -ad^s^ox^l-^a  d^s; 

4 

and 


«7     ^ad's    ^btd's  ,       v 

^^^—l—~~l —   (^°^ 


T 


Pi 


That  is  to  say:    When  the  strength  of  the  web  is  neglected^  the  breaking 
veight  is  equal  to  four  times  the  sectional  area  of  one 
Aange  by  the  dbtance  apart  between  the  centres  of  the 
iianges,  and  by  the  ultimate  tensile  strength  per  square 
inch,  divided  by  the  length. 

In  applying  die  formula  to  the  hollow  beam.  No.  3, 
^i&  138,  /  is  taken  as  the  sum  of  the  thicknesses  of 
the  sides. 

When  the  thickness  of  the  flanges  is  considerable  com- 
pared with  the  depth  of  the  beam,  No.  4,  Figs.  138,  and 
Fig.  140. — In  the  double-flanged  section.  Fig.  140,  cal- 
culate the  strength  of  the  web  for  the  whole  depth, 
as  indicated  in  sectioning.  For  the  lateral  flange 
portions,  the  average  stress  is  less  than  s  in  the  ratio  of  the  total  depth  d 

to  the  reputed  depth  ^,  or  it  is  j  — ;  and  the  net  area  of  one  flange,  or  of 


i  ■ 

i. 


T 

i 


Fl?.  140. — Calailation 
of  Strength  of  Beam. 
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itie  unshaded  parts.  Fig.  140,  being  put  equal  to  a',  the  moment  of  its 
ance  of  one  flange  is,  ,,  .,, 

'■■7-''-"-4' <*i 

The  sum  of  the  moments  of  resistance  of-  the  flanges  and  the  web  ii  tq 
to  the  moment  of  the  weight,  or 

^^a-^j  +  .aSSS/ii^j (»i) 

4  ■» 

in  which  /^the  thickness  of  the  web,  and  ^^^the  depth  of  the  sectii 
Then,  •»,  ,r, 

W/=4,7'''j+I.ISS/'rf»-j  =  j(4a''^  +1.155/' rf-);  »^ 


W  =  - 


.(4«'? 


■'55  '■'^) 


■  (") 


That  is  to  say ;  JVAen  the  thickness  of  thefianges  ts  considerable  ampard  m 
fkt  depth  of  the  iS^uw.— Multiply  the  net  sectional  area  of  one  flange,  1 
culated  for  its  width  minus  the  thickness  of  the  web,  by  the  square  of  1 
reputed  depth,  and  by  4,  and  divide  by  the  total  depth.  Multi^djr ' 
thickness  of  the  web  by  the  square  of  the  total  depth,  and  by  1.155.  ^ 
together  the  quotient  and  the  product,  and  multiply  the  sum  by  ^  ten 
strength  per  square  inch,  and  divide  the  product  by  the  spaa  1 
quotient  is  the  breaking  weight. 

^ii/f.^The  reputed  depth  is  equal  to  the  total  depth  minus  the  dii 
ness  of  one  flange.  Double-headed  rails,  as  No.  4,  Fig.  rjS,  will  be  9 
ally  treated. 

a.  Atinular  Section,  Figs,  141,  No.  i. — The  hoUowness  of  the  sect 
deprives  it  of  a  large  proportion  of  the  diagonal  resistance  exerted  ia 


solid  circular  section;  other^tise  the  strength  might  have  been  calculi 
from  the  section,  Fig.  143  m  which  the  maten^  of  the  annular  sect 
is  collected  about  the  vertical  centre  Ime '    The  lateral  portions  <rf 

on  is  empIOTcd  in  Mr.  Edwin  Clwk^wofc 
:>  by  Mr.  Ebker  in  his  excellait  woik  M 
I  very  properly  points  00  the  laliacj  fif 
e  slreiiElh  of  2  beam  of  annular  secttoa,  ^ 

of  ihe  las«  of  "  resistance  to  flexure  "  in  a  hollow  beam. 
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^  en  dy  ifp  tty  Fig  142,  are  by  their  position  subject  to  diagonal  stress, 
tbqr  are  reproduced  in  darker  shading  in  Fig.  143.  The  breaking 
gdi  may  be  approximated  to  by,  in  the  first  place,  reducing  the 
)th  of  the  overhung  portions,  and  calculating  the  strength  of  the  re- 
^  section,  on  the  principle  to  be  explained  in  treating  of  beams  of 
^trical  sections. 


Flfs.  Z43,  143.— AnnnUr  SectioD  of  Beams. 


Fig.  X44.  —Thin  Annular  Section  of  Beam. 


2d  Method, — When  the  section  is  thin,  as  in  Fig.  144,  the  matter  of  the 
section  may  be  assumed  to  be  collected  at  the  outer  circumference,  for 
^Uch  the  radius  of  gyration  is  .7071,  when  the  radius  of  the  section  is  i; 
^knce,  rating  the  stress  s  exerted  throughout  the  section  as  the  maximum 

tttss,  the  resultant  point  of  resistance,  V,  of  the  half-section  is  'J^IL  =  .50, 

itei  the  radius  is  i ;  or  the  distance  of  the  centres  of  resistance,  V,  V,  is 
inlf  the  diameter.  The  sectional  area  is  equal  to  the  product  of  the 
drcamference  by  the  thickness,  or  to  3.14  dxt-,  and  the  half-section 
=  1.57  dt.     The  moment  of  the  half-section  is  1.57  d/x  j4  d=.yS  d'/, 

W/ 
nd  —  =.785  d^  ts;  whence, 

4 


y^=^-^ — (23) 


HoUow  Elliptical  Sections, — These  sections,  Nos.  2  and  3,  Fig.  141, 
page  512,  maybe  treated  on  the  same  principle  as  the  annular  sections, 
Na  I,  Figs.  141,  and  Fig.  143. 

id  Met/tad. — ^When  the  section  is  thin  the  breaking  strength  is,  by 
adapting    formula  ( 23 ),   putting  b  =  the  breadth,  and  d  -  the  depth, 

W  =  3.i4^_t!^'/j;  or, 

W=i.57(^  +  ^)/x   (24) 

3.  Flanged  Beams  which  are  not  Symmetrical  in  Section. 

For  such  beams,  of  which  the  sections.  Figs.  145,  are  examples,  it 

is  necessary  to  ascertain  the  quantity  of  longitudinal  tensile  resistance, 

and  the  distance  apart  of  the  resultant  centres  of  tensile  and  compressive 

stress,  for  a  given  section;  and  to  multiply  these  together  to  obtain  the 

moment   of  resistance  of  the  section;   whence   the  ultimate  transverse 

strength  noay  be  calculated.     The  first  operation  is  to  find  the  neutral  axis 

83 
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o(  the  section;  and  as  the  ultimate  longitudinal  resistance  in  ih'i 
greater  than  that  of  a  flange,  the  neutral  axis  does  not  pass  ihiL> 
centre  of  gravity  of  the  section.     But,  if  the  area  of  the  flange  be  ledwi 
in  proportion  to  the  potential  or  ultimate  unit-resistance  in  the  web  u  ' 


^ 


o 


0 


PigL  T45.— Seoiou  of  ITniymnKiriad  B 

of  the  flange,  or  as  1.73  to  i,  the  neutral  axis  will  pass  through  the  ceotn 
of  gravity  of  the  reduced  section. 

Rule. — Tofitid  tht  neutral  axis  of  a  beam  of  unsymmetrUal  sediim.  Divide 
the  section,  as  reduced,  into  its  simple  elements,  and  assume  a  datum-line 
from  which  the  moments  of  the  elements  are  to  be  calculated.  Multipljr 
the  area  of  each  element  by  the  distance  of  its  own  centre  of  gravity  from 
the  datum-line,  to  find  its  moment.  Divide  the  sum  of  these  moments  by 
the  total  reduced  area;  and  the  quotient  is  the  distance  of  the  centre  ot 
gravity  of  the  reduced  section,  or  of  the  neutral  axis  of  the  whole  secttODi  ■ 
from  the  datum-line. 

For  example,  the  J.  section,  No.  i,  Figs.  145,  and  shown  in  Fig.  146 
annexed,  is  13  inches  deep,  12  inches  wide,  and  i  inch  thick  throughout 
Extend  the  web,  cd,  to  the  lower  surface  at  d'  and  d',  leaving  5^  inches 
of  web,  a  d'  and  d'  b,  on  each  side.  Reduce  this  width  in  the  ratio  of  1.73 
to  t,  or  to  (SS  ^i73  =  )  32  inches,  and  set  off  rf' a' and  a'*"  each  equal  to 
3. J  inches.  Then  the  reduced  flange  a'  b'  is  (6.4  +  i  =)  7.4  inches  wid^ 
and  the  reduced  section  consists  of  the  two  rectangles  dV  and  cd.  Assume 
any  datum-line,  as  f/at  the  upper  edge  of  the  section,  and  bisect  the 
depths  of  the  rectangles,  or  take  the  intersections  of  their  diagonals  at  g  and 
h,  for  their  centres  of  gravity.  The  distances  of  these  from  the  datum4ine 
are  5^  and  ii>^  inches  respectively,  and  the  areas  of  the  rectangles  are 
II  X  I  =  II  square  inches,  and  7,4  x  i  =  7.4  square  inches.     By  tlie  rule, 
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Upper  rectangle, 11     ^   S}i=  60.5 

Lower      do.       7.4x11^=   85.1 


18.4  X  7.91  =  145.6 

that  the  centre  of  gravity  of  the  reduced  section,  being  the  neutral 

of  the  ndiole  section,  is  7.91  inches  below  the  upper  edge,  in  the  line 

II.    The  centre  of  gravi^  of  the  entire  section,  it  may  be  added,  is  8.63 

below  the  upper  edge,  or  .72  inch  lower  than  that  of  the  reduced 

The  neutral  axes  of  the  other  sections.  Figs.  145,  found  by  the  same 

are  marked  on  the  figures.     The  section  of  a  flange  rail.  No.  5, 

is  very  various  in  breadth,  may  be  treated  in  two  ways ;  either  by 

>rily  averaging  the  projections  of  the  head  and  the  flange  into 

fpecbngular  forms;  or,  by  taking  it  as  it  is,  and  dividing  it  into  a  con- 

ible  number  of  strips  parallel  to  the  base,  for  each  of  which  the 

■Himent  with  respect  to  the  assumed  datum-line  is  to  be  found.     The  first 

anode  of  treatment  is  approximate;  the  second  is  more  nearly  exact 

Ultimate  Strength  of  Beams  of  Unsyminetrical  Section, — Resuming  the  L 
section,  Fig.  146,  for  which  the  neutral  axis  has  been  ascertained,  to  find 
tte  tensile  resistance,  divide  the  portion  below  the  neutral  axis  /',  Fig.  147, 
vith  the  reduced  width  of  flange,  d  b\  into  parallel  strips,  say  ^  inch  deep, 
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Figi.  X46, 147, 148. — Beam  of  Unsymmetrical  Section. 
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as  shown,  and  multiply  the  area  of  each  strip  by  its  mean  distance  from  the 
neutral  axis  for  the  proportional  quantity  of  resistance  at  the  strip.  Divide 
the  sum  of  the  products,  amounting  to  31.3,  by  the  extreme  depth  below 
the  neutral  axis— in  this  instance  4.09  inches,  and  multiply  the  quotient  by 
1.73  X,  the  ultimate  tensile  resistance  at  the  lower  surface.  The  final  pro- 
duct is  the  total  tensile  resistance  of  the  section ;  or, 

^  '^  ^    '^^    =  13.24  J  total  tensile  resistance. 
4,09 

Again,  multiply  the  area  of  each  strip  by  the  square  of  its  mean  distance 
froiai  Uie  neutral  axis,  and  divide  the  sum  of  these  new  products,  amount- 
ing to  104.64,  by  the  sum  of  the  first  products.  The  quotient  is  the  dis- 
tance of  the  resultant  centre  of  tensile  stress,  ^,  from  the  neutral  axis. 
Or,  the  resultant  centre  is, 

"t: —  =  3«34  inches  below  the  neutral  axis. 
31.3      ^  ^^ 
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This  process  is,  in  fact,  the  process  for  finding  the  centre  of 
all  the  tensile  resistances. 

By  a  similar  process  for  the  upper  portion,  in  compression,  the  i 
the  first  products  is  found  to  be  the  same  as  for  the  lower  part,  and  ii^ 
But  the  maximum  compressive  stress  at  the  upper  surface  is  greater 
the  maximum  tensile  stress  at  the  lower  surface,  in  the  ratio  of  thdr^ 

tances  from  the  neutral  axis;  or  it  is  1.73  s  x  2:5/.  =3.34  s,  and 

4.09 

3Ji3  !^_3*.34_f  _  1^.24  J,  total  compressive  resistance, 
7.91 

which  is  the  same  as  the  total  tensile  resistance,  in  conformity  to 
general  law  of  the  equality  of  tensile  and  compressive  stress  in  a 
The  sum  of  the  products  of  the  areas  of  the  strips,  divided  by  the 
of  their  distances  respectively  from  the  neutral  axis,  is  164.90,  and 
resultant  centre,  ^,  is 

^^   =5.27  inches  above  the  neutral  axis. 
31.3       ^ 

The  sum  of  the  distances  of  the  centres  of  stress  or  of  resistance 
the  neutral  axis,  (3.34  +  5.27  =)8.6i  inches,  is  the  distance  apart  of 
centres,  as  represented  by  a  central  line,  ^/f,  in  Fig.  147. 

Abbreviated  calculation, — As  the  upper  part  of  the  section  is  a 
detailed  calculation  is  not  necessary,  for  its  resultant  centre  is  known  to 
at  two-thirds  of  the  height,  or  (7.91  x  Vj^)  S'^T  inches  above  the 
axis.  The  average  resistance,  too,  is  half  the  maximum  stress, — namely,  duC 
at  the  upper  edge, — which  is,  as  above  explained,  3.34  s  per  square  incL 
The  area  of  the  rectangle  is  (7.91  x  i  =  )7.9i  square  inches;  and 

7.01  X  7.^4  s  ^,  .  .  , 

'-^ ^  ^^    =  13.24  J  the  compressive  resistance, 

2 

as  has  already  been  calculated. 

To  resume:  the  moment  of  tensile  resistance  is  13.24  jx  8.61  inches- 

114  J,  and  it  is  equal  to  — ;  whence  W  =  — 1- — ^;  or,  in  a  general  forai, 

4  • 

w=iM (,s) 

W  =  the  breaking  weight,  in  tons. 

S  --•  the  total  tensile  resistance  of  the  section,  in  tons, 
//j  -  the  vertical  distance  apart  of  the  centres  of  tension  and  compiw 
sion,  in  inches. 

/=  the  span,  in  inches. 

Strength  of  the  Beam,  Fig,  147,  inverted, — When  inverted,  the  maximum 
tensional  resistance  of  the  beam  at  the  lower  surface  c,  in  Fig.  148,  is  1.73  a 
The  area  of  the  rectangle  iV  is  7.91  square  inches,  and 


7.91 


X  I  7  7  J 

-  -^-L^-  =  6.84  s,  total  tensile  resistance; 


which  is  only  about  half  the  tensile  resistance  offered  by  the  beam  in  it 
first  position,  Fig.  147.     The  breaking  weight  is,  therefore,  also  only  abou 
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lalf;  and  the  xeason  why  it  is  calculated  that  the  beam  bears  double  the 
aldng  weight  in  the  first  position  that  it  does  in  the  second  is,  that  the 
tangiilar  portion,  r/,  is  expected  to  oppose  at  least  twice  as  much  resist- 
Xy  when  above,  to  compression  as  it  does,  when  below,  to  tension.  If 
;  ^active  resistance  to  compression  were  only  equal  to  the  resistance  to 
sion,  the  beam  would  have  the  same  ultimate  strength  in  both  positions. 

EluLE. — To  find  the  Ultimate  Straigih  of  a  Homogeneous  Btnm  of  Cnsym- 
yicai  Section,  i.  Reduce  the  section  to  a  section  of  uniform  potential 
istance,  as  explained  at  page  514.  2.  Find  the  position  of  the  neutral 
5  of  the  reduced  section  by  the  previous  rule.  3.  Di>'ide  the  section  into 
i  strips  parallel  to  the  neutral  axis;  if  such  di\ision  has  not  already  been 
dCy  for  No.  2.  4.  Multiply  the  areas  in  square  inches  of  the  strips, 
ler  tensional  stress,  by  their  mean  distances  respectively  (that  is,  the 
tances  of  their  centres  of  gravity)  from  the  neutral  axis.     5.  Multiply 

same  areas  by  the  squares  of  their  mean  distances  respectively  from  the 
itral  axis.  6.  Divide  the  sum  of  the  first  products  by  the  extreme  dis- 
ce  of  the  surface  in  tension  from  the  neutral  axis,  and  multiply  the 
nient  by  the  ultimate  tensile  resistance  per  square  inch;  the  product  is 

total  tensile  resistance  of  the  section.  7.  Divide  the  sum  of  the 
ond  products  (  5 )  by  the  sum  of  the  first  products  ( 4 );  the  quo- 
it is  the  distance  of  the  resultant  centre  of  tension  from  the  neutral 
Sb  8.  Multiply  the  ultimate  tensile  resistance  by  the  distance  of  the 
itral  axis  firom  the  upper  surface,  and  divide  the  product  by  the  distance 
tlie  neutral  axis  fi'om  the  lower  surface;  the  quotient  is  the  maximum 
npressive  stress  at  the  upper  surface.  9.  Make  the  calculations  4,  5, 
1  7  for  the  strips  under  compression.  10.  The  sum  of  the  distances  of 
\  resultant  centres  from  the  neutral  axis  is  the  distance  apart  of  the 
itres.  xi.  Find  the  breaking  weight  by  formula  (25);  that  is,  multiply 
\  total  tensile  resistance  of  the  section  in  tons  by  the  distance  apart  of 
t  resultant  centres  of  tension  and  compression  in  inches,  and  by  4; 
d  divide  the  product  by  the  span  in  inches.  The  quotient  is  the  breaJcing 
9ght  in  tons  at  the  middle. 

Note  to  Rule, — It  is  assumed  that  the  ability  of  the  beam  to  resist  com- 
ession  is  sufficient  to  insure  that  fracture  shall  take  place  by  tensioi\. 
rams  of  comparatively  slender  dimensions  laterally  are  liable  to  cant 
ider  the  thrust  of  compression  if  not  supported  laterally,  and  canting 
xasionally  takes  place  in  beams  which  are  tested  experimentally.  But 
sams,  when  in  their  destined  places,  are  in  general  so  supported  that 
ly  liability  to  canting  is  removed. 

Elastic  Stretch  of  Beams  of  Unsymmdrical  Section, — The  elastic  strength 
I  approximately  deducible  from  the  ultimate  strength,  according  to  the 
idinary  ratio  of  one  to  the  other,  ascertained  experimentally.  The  elastic 
tiength  and  deflection  of  a  homogeneous  beam  of  any  section  is  the  same, 
rfaether  in  its  normal  position  or  turned  upside  down. 

FORMS  OF  BEAMS  OF  UNIFORM  STRENGTH. 

A  beam  is  said  to  be  of  uniform  strength  when  its  capability  of  resistance 
9  transverse  stress  under  a  given  load,  applied  in  a  given  manner,  is  thr 
ime  at  all  parts  of  its  length. 
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Semi-beams  of  Uniform  Strength  Loaded  at  the  End. 

By  a  semi-beam  is  meant  a  beam  fixed  at  one  end  and  free  at  the 
as  it  represents  the  half  of  a  beam  supported  at  both  ends. 

The  moments  of  stress  due  to  the  weight  on  the  end,  at  any  sectioD 
the  beam,  increase  directly  as  the  distance  of  the  section  from  the  end 
the  beam.     Let  cb^  Fig.  149,  be  a  rectangular  beam,  fixed  at  the  base^ 

and  loaded  at  the  end  b.     Draw  the  " 
gonal  straight  line  bd^  then  the  0 
to  the  triangle  bcd^  represent  propo 
the  moment  of  stress  at  all  ps^  of 
length;  and  the  moments  of  stress 
directly  as  the  length.     Now,  the  ulti 
moments  of  resistance  at  any  section 
as  the  square  of  the  depth,  when  the 
is  uniform;  and  it  follows,  conversely, 
the  depth  of  the  beam,  of  uniform 
must  vary  as  the  square  root  of  the  di 
from  the  end  b.   Take,  for  instance,  the 
tion  ^/f  at  the  half-length  of  the  beam ;  the  moment  of  stress  at  r 4/  is  to 
of  the  stress  at  dd,  as  i  to  J^ ;  and  the  required  depth  at  the  origin  ci^  k 

the  depth  at  (f  d\  2&  tj  \  to  i^  ^,  or  as  i  to  .707.  The  depdi  iA 
equal  to  .707,  would  be  the  depth  of  a  beam  of  uniform  strength,  at  di|| 
section.  The  depth  for  uniform  strength  at  any  other  section  may  bl 
calculated  in  the  same  way;  and  the  form  of  the  lower  side  of  the  bean^ol 
uniform  strength,  is  that  of  a  parabola,  be" d^  of  which  the  vertex  is  at  tk 
end  b.  With  respect  to  transverse  resistance,  then,  the  semi-beam  wodU 
be  equally  strong  if  the  lower  portion  bb'  d  were  removed. 

The  semi-beam,  rectangular  in  section,  of  uniform  strength,  fixed  at  one  end 
and  loaded  at  the  other  end,  having  the  breadth  constant,  may  therefore  h 
moulded  in  depth  to  any  of  the  parabolic  outlines.  Figs.  1 50. 


Fig.  ¥49.— Stress  in  a  Semi-beam 


1 


oaded  at  the  end. 


No.  I. 


No.  2. 


Naj 


Figs,  rsa— Semi-beams  loaded  at  one  end. 

When  the  depth  of  the  semi-beam,  rectangular  in  section,  is  constant,  tl 
breadth  is  in  simple  proportion  to  the  distance  from  the. end  of  the  beai 
as  in  Fig.  151,  and  the  beam  is  triangular  in  plan. 

When  the  section  of  the  semi-beam  is  double fianged,  or  is  holloiu  rectangulo 
and  the  breadth  is  constant,  the  flanges  are  assumed  to  be  of  a  consta 
sectional  area.     Leaving  out  of  the  calculation  the  strength  of  the  vertic 
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alcukting  only  for  the  flanges,  the  moment  of  resistance  at  any 
L5  the  depth,  and  the  form  of  the  beam  is  triangular,  as  in  Fig. 
shows  a  semi-beam  with  double  flanges. 

rength  of  the  vertical  web  be  taken  into  the  calculation,  the  form 
n  is  intennediate  between  the  triangular  and  the  parabolic 


ie  leetuitt  of  the  semi-beam  is  double-flanged,  or  is  Mleiv-reetangular, 
ptk  is  constant,  calculating  only  for  the  flanges.  Fig.  153,  their 
irea  increases  uniformly  with  the  distance  from  the  end,  and  if 
ness  be  unifonn,  they  are  triangular  in  plan,  as  shonTi. 
eb  be  taken  into  the  calculation,  it  Is  calculated  as  a  solid  semi- 
uigular  in  section,  and  the  thickness  should  increase  as  the  dis- 

the  end.  The  web  would,  therefore,  be  triangular  in  plan. 
he  section  of  the  setni-beam  is  cirmlar,  the  moment  of  resistance 
le  cube  of  the  diameter,  and  the  cube  of  the  diameter  is  therefore 
iance  from  the  end;  or,  inversely,  the  diameter  is  as  the  cube 
;  distance,  and  the  outline  of  the  semi-beam  may  be  formed  by 
tion  of  a  cubic  parabola  on  its  axis,  Fig,  154. 
e  section  of  the  semi-beam  is  annular;  when  the  thickness  is  uniform 

in  proportion  to  the  diameter,  the  square  of  the  diameter  varies 
ance  from  the  end,  or  the  diameter  varies  as  the  square  root  of 
:e,  and  the  semi-beam  is  formed  by  the  revolution  of  a  parabola 

licltness  varies  with  the  diameter,  the  diameter  varies  as  the  cube 
e  distance  from  the  end,  and  the  semi-beam  is  cubic-parabolic, 
54- 

He  section  of  the  semi-beam  is  ellipHcal,  the  sections  being  similar  at 
of  the  length,  the  cube  of  the 
ca  as  the  distance  from  the  end, 
ith  varies  as  the  cube  root  of  the 
ind  the  elevation  of  the  beam  is 
botic,  like  Fig.  154, 
\e  secfi4)n  of  the  semi-lieam  is  hoUow- 
ae  beam  being  of  similar  sections 
L  When  the  thickness  is  uniform, 
II  in  proportion  to  the  depth,  the 
the  depth  varies  as  the  distance 
•nd,  or  the  depth  varies  as  the 
>t   of   the  distance,  and  the  side  elevation  of  the  beam  i 
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If  the  thickness  varies  with  the  depth,  the  depth  varies  as  the  cube 
of  the  distance  from  the  end,  and  the  beam  is  cubic-parabolic  a 
elevation,  like  Fig.  154. 

Semi-beams  of  Uniform  Strength  Uniformly  Loaded. 

The  moment  of  stress  due  to  the  weight  when  uniformly  di* 
increases  as  the  square  of  the  distance  from  the  end  of  the  beam,  as  will 
shown  in  the  following  case: — 

Whm  the  semi-beam  is  rectangular  in  section^  and  its  breadth  is 
Suppose  the  load  equally  divided  and  distributed  as  a  great  number 
weights,  W,  W,  W",  &c.  Fig.  155;  and  suppose  the  beam  to  be  *  "' 
into  an  equal  number  of  corresponding  sections  at  ^,  r",  /",  &c    The 
supported  by  the  successive  sections  are  W,  2  W,  3  W^  &c ;  the  dii 
of  the  centres  of  gravity  of  these  loads,  from  the  respective  sections,  arc 


Figs.  155, 156.  -^mirbeanu  unifonnly  loaded. 

I,  2,  3,  &c.  Therefore,  the  moments  of  stress  at  the  successive  intcnefr;. 
tions,  ?,  ^,  ^",  &c,  are  as  i*,  2^,  32^  &c.,  or  as  the  square  of  the  distanoft-^ 
from  the  end.  But  the  moments  of  resistance  at  the  intersections  arc  as 
the  squares  of  the  depths  at  c\  ^,  c"\  &c.;  and  so  the  square  of  the  depth 
is  as  the  square  of  the  distance,  or  the  depth  is  as  the  distance  from  the 
end.     The  beam  is  therefore  triangular  in  elevation.  • 

When  the  semi-beam  is  rectangular  in  section,  and  has  the  depth  constemt^ 
Fig.  156.  As  the  depth  is  constant,  the  breadth  must  increase  as  the  square 
of  the  distance;  and  it  may  be,  in  outline,  of  the  form  of  two  parabolas 
bCy  bc\  back  to  back,  touching  each  other  at  their  vertices  at  3;  the  axes 
being  perpendicular  to  the  length. 

When  the  section  of  the  sani-beam  is  hollow-rectangular,  or  is  double-flanged; 
and  the  breadth  is  constant.  Calculating  the  strength  of  the  upper  and  lower 
members,  or  flanges,  only,  and  supposing  the  thickness  to  be  uniform,  the 
moment  of  resistance  is  as  the  depth;  the  depth  is,  therefore,  as  the 
square  of  the  distance  from  the  end,  and  is  of  the  form  of  a  parabola, 
Fig.  157,  of  which  the  vertex  is  at  b,  and  the  axis  is  perpendicular  to 
the  length. 

Calculating  the  strength  of  the  vertical  webs  or  rib  only,  the  beam  would 
be  triangular  in  side  elevation. 

Combining  the  webs  and  the  flanges  in  the  calculation,  the  form  of  the 
beam  would  be  intermediate  between  the  parabolic  and  the  triangular. 

2d.  What  the  depth  is  constant.  Calculating  for  the  flanges  only,  the 
thickness  being  uniform ;  the  breadth  of  the  flanges  is  as  the  square  oif  the 
distance  from  the  end.  Fig.  158,  the  same  as  in  Fig.  156. 
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If  the  vertical  web  or  rib,  of  uniform  thickness,  be  included  in  the  calcula- 
bo,  it  does  not  materially  modify  the  form  of  the  flange. 

IVhm  the  section  of  the  semi-beam  is  circular.  The  moment  of  resistance 
»  as  the  cube  of  the  diameter,  and  the  moment  of  stress  is  as  the  square 
f  the  length;  therefore  the  cube  of  the  diameter  is  as  the  square  of  the 


Ftgs.  157,  X58.— Semi>beains  uniformly  loaded. 

ngth,  or  the  diameter  is  as  the  cube  root  of  the  square  of  the  length,  or 
i  the  Jo  power,  or  .666  power  of  the  length.  The  solid  is  formed  by  the 
■volution  of  a  semi-cubic  parabola  on  its  axis. 

What  the  section  of  the  semi-beam  is  annular^  the  thickness  being  uniform 
k1  small  compared  to  the  diameter.  The  moment  of  resistance  of  any 
ction  is  as  the  square  of  the  diameter.  The  square  of  the  diameter  is, 
erefore,  as  the  square  of  the  length,  or  the  diameter  is  as  the  length,  and 
e  semi-beam  is  triangular  or  conical  in  elevation,  Fig.  159. 
UTien  the  thickness  diminishes  with  the  diameter,  the  moments  of  resist- 
ice  of  sections  are  as  the  cubes  of  the  dia- 
eters,  and  the  diameter  varies  as  the  J4 
urcr,  or  .666  power  of  the  length,  as  with  a 
[id  circular  section,  and  the  form  is  derived 
»m  the  revolution  of  a  semi-cubic  parabola 

its  axis. 

When  the  section  of  the  semi-beam  is  elliptical. 

le  moment  of  resistance  of  a  section  is  as 

J  cube  of  the  depth,  and  the  form  is  the 

ne  as  that  of  a  circular  beam. 

\Vh€n  the  section  of  the  semi-beam  is  hollow- 

pticaL     The  form  is  the  same  as  that  of  a  beam  of  annular  section. 

Beams  of  Uniform  Strength  Supported  at  Both  Ends. 

The  forms  of  beams  supported  at  both  ends,  and  loaded  at  the  middle, 
;  simply  doubles  of  the  forms  of  semi-beams,  or  such  as  are  fixed  at  one 
d  and  unsupported  at  the  other  end.  In  the  beam  of  rectangular  section, 
example,  a  b.  Fig.  160,  the  diagonal  lines,  ca  and  cb^  from  the  top  at  the 
ddle  to  the  supports  at  each  end,  are  simply  doubles  of  the  diagonal  b  d^ 
the  semi-beam.  Fig.  149,  and  represent  the  graduated  moment  of  bending 
sss  from  the  middle,  where  it  is  a  maximum,  to  the  ends,  where  it  vanishes; 
1  the  |>arabolic  curves  ca  and  cb^  meeting  base  to  base  at  the  middle  cd^ 
m  the  outline  of  the  rectangular  beam  of  uniform  strength,  when  the 
sidth  is  constant 
The  beam^  rectangular  in  sectiony  of  uniform  strength^  loaded  at  the  middle^ 


Fig.  159.— Annular  Semi-beam 
unifonnly  loaded. 
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and  having  breadth  constant,  may  therefore  be  moulded  according  to  any  of- 
the  parabolic  forms,  Figs.  i6i,  162,  163,  having  the  axes  horizontal 
the  vertices  at  the  points  of  support. 


Fig.  r6o. — Stress  in  rectangtilar  beam 
supported  at  both  ends. 


^1 


Fig.  161.— Beam  loaded  at  the 


IVhm  a  rectangular  beam,  with  a  constant  breadth^  is  loaded  uniformly; 
referring  to  formula  ( 5 ),  page  508.  When  the  weight  is  constant,  together 
with  the  breadth  b,  and  the  length  /,  the  square  of  the  depth,  d^,  varies  as 


Figs.  163,  163. — Beams  loaded  at  the  middle. 


the  products,  m  n,  of  the  segments,  m  and  //,  of  the  length  of  the  span  at 
any  point  of  the  length.  Or,  the  depth  varies  as  the  square  root  of  the 
product  of  the  segments,  and  the  form  of  the  beam,  Fig.  164,  is  a  semi- 
ellipse.     It  may  be  a  complete  ellipse.  Fig.  165. 


Figs.  164,  165. — Beams  uniformly  loaded. 

For  a  rectangular  beam,  with  a  constant  depth,  and  loaded  at  the  middle^ 
the  form  of  the  breadth,  Fig.  166,  is  a  double  of  Fig.  151,  page  519;  con- 
sisting of  two  triangles,  in  plan,  united  at  their  base. 


Fig.  x66. — B«am  loaded  at  the  middle. 


Fig.  167. — Beam  mufcmnly  loaded. 


IVhen  a  rectangular  beam,  with  a  constant  depth,  is  uniformly  loaded; 
referring  to  the  formula  (  5  )  above  noticed,  the  variables  are  the  breadth  h 
and   the  product  mn,  and  the  breadth  varies  as  the  product  of  the 


BEAMS  SUPPORTED  AT  BOTH  ENDS. 


523 


^gpnents  of  the  length  of  the  span  at  any  point  of  the  length.  The  form  of 
lie  breadth  in  plan  is  therefore  that  of  two  parabolas  having  their  vertices 
I  the  middle  and  meeting  at  the  points  of  support,  Fig.  167. 
A  kcSotthrectanguIar  or  double-flanged  beam  with  a  constant  breadth,  and 
mid  at  the  middle^  consists  of  the  double  of  Fig.  152,  page  519;  being  two 
iangles  united  at  their  base,  at  the  middle,  Figs.  168,  169.  In  this  and 
le  three  following  cases,  the  resistance  of  the  flanges  only  is  calculated; 
nd  the  flanges  are  supposed  to  be  of  uniform  thickness. 


Figs.  168,  169. — Beams  loaded  at  the  middle. 

When  a  hollow-rectangular  or  double-flanged  beam,  ivith  a  constant  breadth, 
uniformly  loaded;  the  depth  varies  as  the  product  of  the  segments  of  the 
am  at  any  point  in  the  span;  and  the  side  of  the  beam,  Fig.  170,  is  of  the 
nn  of  a  parabola,  having  its  axis  at  the  middle,  llie  resistance  of  the 
inges  only  is  here  calculated. 


Fig.  X7a — Beam  wuformly  loaded. 


Tig,  171.— Beam  loaded  at  the  middle. 


A  haUcw-rectanguktr  or  a  double-flatbed  beam,  with  a  constant  depth,  and 

lied  ai  the  middle,  consists  of  the  double  of  Fig.  153,  pa^e  5 1 9;  the  flanges 

sng  of  uniform  Uiickness,  and  forming  two  triangles  m  plan,  joined  at 

eir  base  at  the  middle  of  the  beaoL     Their  form.  Fig,  171,  is  the  same 

that  of  a  rectangular  beam,  with  a  constant  depth.  Fig,  166. 

When  a  hollouM^ectangular  or  a  double-flanged  beam,  with  a  constant  dffth, 

wuformly  loaded,  the  form  of  the  flanges  in  plan  is  the  same  as  that  rif  a 

ctangular  beam  (Fig.  167),  consisting  of  two  f^arabolas,  having  their  vertices 

the  middle  of  the  beam.  Fig.  172. 


Fif.  x7a.~Beaa 


Ttgr  ff7>—B«M«  SfAAfoA  at  t%A  «wi4K 


WheH  the  section  of  the  beam  is  drcyJar,  and  the  load  it  at  the  middle^  ihi^ 
m  is  the  double  of  F^  154,  page  519,  omstsdng  of  tb«  jt:ytA\s\M$f\%  *4 
>  cubic  paiabolasy  base  to  base,  at  the  nudcDe,  F^  1 73. 
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JVAm  a  beam  of  ciratlar  ssction  is  uniformly  loaded^  the  cube  of 
diameter  varies  as  the  product  of  the  segments  of  the  length  of  the 
any  point  in  the  length;  and  the  radius  varies  as  the  cube  root  of 
product  of  the  segments. 

When  the  section  of  the  beam  is  annular^  and  the  ioeut  applied  at  the 
the  form  is  that  produced  by  the  revolution  of  two  parabolas,  base  to 
with  their  vertices  at  the  ends  of  the  beam.     The  thickness  is  supposed* 
be  inconsiderable. 

When  the  annular  beam  is  uniformly  loaded^  the  square  of  the 
varies  as  the  product  of  the  segments  of  the  length  of  the  span  at  any 
in  the  length ;  and  the  radius  varies  as  the  square  root  of  the  product! 
the  segments.     The  form  of  the  beam  is  that  produced  by  the  revolut* 
of  an  ellipse  on  one  of  its  axes. 

When  the  section  of  the  beam  is  ellipticeU,  and  the  load  applied  at  the 
the  form  is  that  of  two  cubic  parabolas  joined  base  to  base. 

JVhen  the  beam  of  elliptical  section  is  uniformly  loaded ^  the  form  is  tfait< 
an  ellipse. 

When  the  section  of  the  beam  is  hollow-elliptical^  and  the  load  applied  at 
middle^  and  the  thickness  is  uniform,  and  is  small  in  proportion  to  the  d( 
the  form  of  the  beam  is  that  of  two  parabolas,  united  base  to  base,  h» 
their  vertices  at  the  points  of  support. 

If  the  thickness  varies  with  the  depth,  the  forms  are  cubic  parabolas. 

When  the  hollow  beam  of  elliptical  section  is  uniformly  loaded^  the  fonn 
the  beam  is  elliptical. 

Beams  of  Uniform  Strength  under  a  Concentrated  Rolling  LoAa' 

Reverting  to  formula  (5),  page  508,  it  signifies  that  the  breaking  wd|^ 
varies  inversely  as  w  x  «,  or  the  product  of  the  segments  of  the  length  d 
the  span,  at  any  point  of  the  length ;  but  if  the  weight  be  constant,  die 
moment  of  stress  at  any  point  is  as  the  product  w  x  »,  and  therefore,  also^ 
the  moment  of  resistance  of  a  beam  of  uniform  strength  varies  as  w  x  »,  al 
all  points  of  its  length. 

Hollow-rectangular^  or  flanged  beam,  with  a  constant  breadth,  under  a  am 
centrated  rolling  load.  Calculating  the  resistance  of  the  booms  or  fiangQ 
only,  the  depth  varies  cis  mxn,  and  is  according  to  the  form  of  a  parabola 
of  which  the  axis  is  vertical,  when  the  upper  or  lower  side  is  horizontal 
Figs.  174,  175;  or  of  t^vo  parabolas,  on  the  same  axis,  meeting  at  xh 
points  of  support. 

Under  these  conditions,  the  sectional  area  of  the  flanges  is  constant. 


Figs.  174,  175.— Flanged  Beams  under  a  Concentrated  Rolling  Load. 

Hollow-rectangular  or  flanged  beam,  with  a  constant  depth,  or  parail 
flanges,  under  a  concentrated  rolling  load.  The  breadth  varies  as  m  x  /r,  an 
the  flanges,  supposed  to  be  of  uniform  depth,  are  of  the  form  of  tw 
parabolas  on  the  same  axis  passing  through  the  middle.  Fig.  172,  page  52; 
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^  Sras  m  the  amwd  flange.  Figs.  174,  175.     Mr.  Stoney  gives  a  simple 

B  of  finding  the  stress  diagramatically.  Let 
(1^  Fig.  176,  represent  the  horizontal  stress, 
tahjd)  is  imifonn  throughout  the  length.  Draw 
jL  c  pualiel  to  the  tangent  of  the  curve  at  the 
beo  point,  and  b  c  peipendicular  to  a  b.  Then 
^c  is  the  maximum  longitudinal  stress  at  the  DL^rMnf 

1  point,  and  a  b  and  b  c  are  its  horizontal      *'  '^ciivS^i^. ' 
d  rertical  components.     It  follows  that  the  sec- 

s  of  the  curved  flange  should  increase  as  it  approaches  the  points  of 
t  in  proportion  to  A  C,  or  the  secant  of  the  angle  a. 

SHEARING  STRESS  IN  BEAMS  AND  PLATE-GIRDERS. 

Shearing  stress  in  beams  is  caused  by  the  vertical  pressure  of  the  load. 
A«mception  of  diis  stress  is  easily  formed  on  reflecting  that  the  weight  of 
ibe  beam  and  its  toad  tends  to  force  it  downwards  at  the  abutment,  whilst 
A  abutment,  by  its  upward  pressure,  tends  to  force  upwards  the  part  of 
4ie  beam  which  rests  on  iL  The  stress  thus  caused  tends  to  a  vertical 
npture,  or  slicing  off  of  the  loaded  end  of  the  beam,  called  shearing  stress. 
The  same  kind  of  stress  acts  with  various  intensity  in  the  portion  of  the 
kam  between  the  abutments,  and  it  is  the  duty  of  the  web  to  resist  the 
Aearing  stress. 

In  a  beam  supported  at  one  end,  and  loaded  at  the  other  end,  the  vertical 
Clearing  stress  is  equal  to  the  weight,  at  every  point  of  the  length. 

In  the  sarae  beam,  uniformly  loaded,  the  shearing  stress  increases 
■nformly  from  the  end,  where  it  is  nothing,  to  the  abutment,  where  it  is 
tqual  to  the  weight  A  diagram  indicating  the  gradations  of  stress  would 
lire  the  form  of  a  triangle. 

In  the  same  beam,  uniformly  loaded,  and  also  weighted  at  the  end,  the 
ibeanng  stress  is  represented  by  a  compound  diagram.  Fig.  177,  in  which 
the  triangle  abc  represents  the  graduated  shearing  stress  due  to  a  uniform 
load,  in  a  beam  of  the  length  ab;  and  the  rectangle  abde,  the  uniform 
shearing  stress  due  to  a  weight  at  the  end.  The  whole  depth  de  at  the 
abutment  represents  a  total  shearing  stress  equal  to  the  sum  of  the  dis- 
tributed and  end  loads;  and  the  total  stress  at  intermediate  points  is  repre- 
MDted  by  the  corresponding  ordinates. 


In  a  beam  supported  at  both  ends,  and  loaded  at  any  point,  the  shearing 
stress  in  each  s^ment  is  equal  to  the  pressure  on  its  abutment     The 
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pressures  at  a  and  b^  Fig.  178,  are  as  the  segments  m  and  ir,  and  theshearini 
stress  in  the  segments  a^  and  db  are  equal  to  W  x  —  and  W  x  --;  repn 

sented  by  the  graduated  rectangles  an  ad  and  db. 

When  a  concentrated  load  is  moved  over  the  beam,  the  shearing  tm 
in  each  segment  varies  as  the  length  of  the  other  segment: — from  0  toW 
the  weight;  represented  by  the  two  graduated  triangles,  abCyabd^Y'vi^i^ 
in  which  the  verticals  «  ^  and  bd^  at  the  ends,  represent  the  weight 


iTTTTr^..  wrftTTH 


1 


^ 


Fig.  179.— Shearing  Stress. 


Fig.  i8a— Shearing  Stresi. 


When  a  number  of  weights  are  placed  irregularly  on  a  beam,  the  shcaiinj 
stress  of  some  is  neutralized  more  or  less  by  that  of  others;  and,  referriq 
to  any  given  section  of  the  beam,  the  shearing  stress  is  equal  to  the  diffa 
ence  of  the  sum  of  those  portions  of  the  weights  placed,  on  one  side  of  A 
section  which  are  conveyed  to  the  abutment  on  the  other  side,  and  A 
sum  of  those  portions  of  the  weights  on  the  other  side  which  are  convejfe 
to  the  abutment  on  the  first  side. 

When  a  beam,  supported  at  both  ends,  is  loaded  uniformly,  the  sheaiin 
stress  is  o  at  the  centre,  as  in  Fig.  180,  and  increases  uniformly  towaid 
the  abutments,  where  it  is  equal  to  half  the  weight 

When  a  load  of  uniform  density,  as  a  railway  train,  traverses  a  girde 
the  shearing  stress  at  the  front  of  the  train  increases  as  the  square  of  4 
length  of  the  loaded  segment  Suppose  that  the  train  advances  from  b  to  < 
Fig.  181,  covering  the  whole  length,  the  curve  of  increasing  shearing  sties 
bcy  is  parabolic,  having  its  apex  at  k  When  the  girder  is  wholly  covew 
the  shearing  stress  follows  the  triangular  gradations  shown  by  dot-lines. 


/^ 


Fig.  181.— Shearing  Stress.  Fig.  183.— Shearing  Stress. 

When  a  fixed  uniform  load  and  a  rolling  load  are  combined,  the  maxinra 
shearing  stress  to  which  the  girder  is  liable  at  diflferent  points  of  its  leng 
is  shown  by  the  combined  ordinates  in  Fig.  182. 

Sectional  area  of  a  continuous  web  calculated  from  the  shearing  stress, 

'*  When  the  flanges  are  parallel,"  says  Mr.  Stoney,^  "  the  theoretic  area  ol 

continuous  web  may  be  calculated  from  the  shearing  stress  by  the  followi 

rule : — 

o    *•       1             c      u     shearing  stress 
Sectional  area  of  web  =  -  - .— ^ , 

unit-stress 
in  which  the  unit-stress  is  the  safe  unit-stress  for  shearing.     This  gives  t 

^  TA^  Theory  of  Strains  in  Girders  and  Simitar  Structures, 
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wmhnnm  thickness,  which,  however,  is  often  much  less  than  a  due  regard 
for  durability  requires." 

'When  a  girder,  with  parallel  flanges  and  a  continuous  web,  is  loaded 
in  the  manner  described  below,  where  /  =  the  length,  and  /  =  the  safe 
tBHt-strain  for  shearing  force,  the  theoretic  quantity  of  material  in  the  web 
woold  be  as  follows:" — 


Kind  op  Load. 


Fixed  central  load. =  W 

Concentrated  rolling  load..  =  W 
Uniformly  distributed  load  «  W 
Distributed  rolling  load....  =  W 


Theoretic 

Quantit^r  of 

Material  in  a 

Continuous 

Web. 


W/ 
3W/ 

4/ 
W/ 

7  W/ 
24/ 


Proportional 
numbers. 


12 

18 

6 

7 
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Compressive  strain  is  taken  as  equal  to  tensile  strain^  per  ton  of  direct 
stress  on  the  fibres,  and  the  strain  is  directly  proportional  to  the  stress^ 
vithin  the  elastic  Hmits.     When  a 
beam  is  deflected  under  a  load,  the 
lover  side  is  lengthened  and  the 
ipper  side  is  shortened  in  propor- 
tKm  to  the  direct  stress  per  umt  of 
section  of  the  fibres. 

In  a  beam  of  uniform  strength, 
die  fibres  at  the  surface,  on  the  up- 
per and  lower  sides,  are,  by  the  de- 
finition, equally  stressed  and  equally 
strained  throughout  the  length  of  the 
beam;  and  the  form  assumed  by  a 
straight  parallel  beam,  when  deflected 
Moder  its  proper  load,  is  that  of  a  cir- 
cular arc 

\j^abd {fy  Fig.  183,  be  a  parallel 
beam,  rectangular  in  section,  having 
a  constant  depth,  and  of  uniform 
strength,  when  loaded  at  the  middle. 
Let  its  lower  side  assume,  by  deflec- 
tion, the  form  of  the  circular  arc 
aib,  the  ends  a(f,b<!,  which  were  upright,  in  their  normal  po«ition,  arc 
now  convergent  in  the  positicms  tf^,  bd';  and  when  produced,  they  meet  at 
flic  centre  of  the  arc,  O,  in  the  vertical  radius  d*0.  The  ddllcction  at  the 
centre,  dtt^  is  the  versed  sine  of  the  arc     Let, 


Ftf,  tSj^— I>eflectJO0  <:A  a  Beam. 
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R  =  the  radius  Od\ 

I   -  the  length  of  the  beam,  or  the  chord,  ah^ 

b   -  the  breadth  of  the  beam  at  the  middle, 

d  -  the  depth  of  the  beam  at  the  middle,  cd, 

a  -  the  sectional  area  of  the  beam, 

D  -  the  deflection  of  the  beam,  dd!^ 

r  =  the  difference  of  length  of  the  upper  and  lower  sides, 

E  =  the  coefficient  of  elasticity,  or  the  denominator  of  the  fraction  of  tin 
length,  by  which  the  beam  is  extended  or  compressed,  per  ton  of  direc 
stress  per  square  inch  of  section, 

s'  =  the  direct  tensile  stress  on  the  extreme  outer  fibres,  in  tons  pe 
square  inch, 

s"  =  the  direct  compressive  stress  on  the  extreme  outer  fibres,  in  too 
per  square  inch, 

W  =  the  weight  in  tons. 

Note. — The  dimensions  are  to  be  all  in  inches,  or  all  in  feet 

By  the  properties  of  the  circle,  the  square  of  half  the  chord  is  equal  t 
the  product  of  the  versed  sine,  or  deflection,  by  the  diameter  minus  th 
deflection;  or 

(  ^ )'  =  D  X  (2  R  -  D);  or  sensibly  (—)'  =  D  x  2  R;  and 
2  2 

^-w (") 

Again,  by  similar  triangles,  in  Fig.    183,  0(f  :  Oa  :  :  (f  c"  :  ab\  or,  i 
symbols,  R  :  (R  +  </)::/:  /',  substantially;  whence 

R  =  ^.  (*) 

Substituting  this  value  of  R  in  equation  (a), 

(s  4-  s")  I 
Now,  /'  =  ^ —      '  .     When  the  two  stresses,  /  and  f^  are  equal  to  e» 

ill 

other,  let  them  be  represented  by  x.     When  they  are  not  equal  to  ea 

other,  the  deflection  is  nevertheless  the  same  as  if  they  were  so,  and  tl 

the  direct  tensile  and  compressive  stress  were  each  equal  to  the  mean 

s'  and  s\  or  to  — — .      Putting  — —  =  j,  then  /'  =  A=r-;  and,  substitutii 

22  K 

this  value  of/'  in  equation  M,  D  =  s-j^'i  or, 

0  a  £ 

^  =  4^^ <'> 


and,.  =  i^ (a) 
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Deflection  of  Beams  of  Rectangular  Section. 

No.  I.  Rectangular  beamy  of  constant  depth,  of  uniform  strength,  loaded  at 
Amiddlt,  Fig.  166,  page  522. — This  beani  is  double-triangular  in  plan. 
TIk  vahie  of  s,  the  direct  stress  on  the  fibres  at  the  upper  and  lower 
mfiures,  in  terms  of  the  weight,  is,  by  formula  2,  page  507, 

W/  ,     , 

'=T:i^^td^ <^) 

Equating  this  x'alue  of  x  and  the  above  value  (2), 

_W7      ^4^ED    ^^^  W/3  =  4.62^^3En; 
i.i^sbd*         /a     '        '  -^  > 

vhence 

4.62^^3 E'  ^^f 

W^t^^ED,  (5) 

^=i:67J73-D (^^ 

These  equations  express  the  relations  of  the  weight,  the  coefficient  of 
dasdcity,  and  the  deflection. 

The  formula  (4),  for  the  value  of  the  deflection,  signifies  that  the  deflec- 
tion varies  directly  as  the  weight,  and  as  the  cube  of  the  span  ;  and  that  it 
Twies  inversely  as  the  breadth,  the  cube  of  the  depth,  and  the  coefficient 
cf  elasticity. 

No.  2.  Rectangular  beam,  of  constant  breadth,  of  uniform  strength,  loaded  at 
tiewuddUy  Figs.  161,  162,  163,  page  522. — The  form  of  the  beam  in  side 
devation  is  parabolic.  The  average  depth  is,  by  the  properties  of  the  para- 
bola, two-thirds  of  the  depth  at  the  middle,  or  of  the  depth  of  the  circum- 
scribed rectangle;  and  the  beam  may  be  treated,  for  finding  the  deflection, 
IS  a  parallel  beam,  or  beam  of  constant  depth,  having  two-thirds  of  the 
dq)th  of  No.  i  beam,  and  under  the  same  stress  on  the  extreme  fibres. 
As  the  strain,  and  the  difference  of  length  of  the  upper  and  lower  sides,  of 
the  suppositious  beam,  are  approximately  the  same  as  those  of  the  original 
beun ;  and  as  the  deflection  is  inversely  as  the  depth  (see  equation  (c), 
pige  528),  or  as  two  to  three,  in  No.  i  and  No.  2  beams;  then,  modifying 

fanmla  (4),  above,  D  =  ^  x  _____;  or,— 

2      4.02  0  a'  Ej 

""^T^m <'> 

No.  3.  Rectangular  beam,  of  uniform  section,  loaded  at  the  middle,  Fig. 
160,  page  522. — Compared  with  No.  i  beam,  Fig.  166,  No.  3  beam  is 
rectangular  in  plan,  and  contains  twice  the  surface  of  No.  i,  which  is 
triaigdar.  Under  a  given  weight,  therefore,  the  stress  on  the  extreme,  or 
fibres  of  No.  3,  averages  only  half  the  stress  on  those  of  No.  t. 
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The  deflection  would  also,  if  it  followed  the  same  proportioD,  be  just 
that  of  No.  I.     But  it  must  be  more  than  half,  since  it  is  not  acomling 
a  circular  outline,  but  follows  an  outline  like  that  of  a  hyperbolic  secda 
the  curvature  being  localized  mostly  at  the  middle.     It  sqppears  from 
perimental  results  tibat  the  deflection  may  be  approximately  taken  as  " 
to  that  of  a  beam  of  No.  i  form,  and  the  formula  for  No.  i  is,  thei 
provisionally  adopted  for  No.  3,  until  more  complete  data  are  established 


D  = 


W/» 


4.62  ^</3E 


(8) 


«/« 


No.  4.  Rectangular  beam^  of  constant  depths  of  uniform  strmgth,  umj 
loaded^  Fig.  167,  page  522.  The  stress  in  the  upper  and  lower  surface 
of  No.  4  is  only  half  the  stress  in  those  of  No.  i,  under  equal  loads ; 
therefore  also  the  deflection  is  only  half.  Doubling,  accordingly,  the 
merical  coefficient  of  formula  ( 4 ), — 


D-- 


W/5 


9.24^^3E' 


(9) 


No.  5.  Rectangular  beam^  of  constant  breadth^  of  uniform  strength^  ttmforwif 
loaded^  Figs.  164,  165,  page  522.  This  beam  is  elliptic  in  elevation,  aai 
the  area,  and,  therefore,  the  average  depth,  are  four-fifths  of  those  of  the 
circumscribed  rectangle,  or  of  No.  4  beam.  Reasoning  on  this  beam,  il 
on  No.  2  beam,  the  deflection  is  five-fourths  of  that  of  No.  4  beam,  aal 
the  numerical  coefficient  is  four-fiflhs ;  or, 


D 


W/3 
7.4o^</3E* 


(10) 


No.  6.  Rectangular  beam^  of  uniform  section^  uniformly  leaded. — The  defltiO^i 
tion  under  a  uniform  load  is  found,  by  experiments  with  timber,  to  bc 
about  five-eighths  of  that  of  the  same  beam  loaded  with  an  equal  weij^ 
at  the  middle.     Increase,  therefore,  the  numerical  coefficient  for  No.  3  to 

eight-fifths,  or  (4.62  X  —  ^ )  7.40: — 


D 


W/3 


7.40  ^//'E* 


(") 


Deflection  of  Double-Flanged,  or  Hollow-Rectangular  Beams. 

No.  7.  Double-flanged  beam^  of  constant  depths  of  umform  strength^  IcaU 
at  the  middle.  Fig.  171,  page  523. 

1st  When  the  strength  of  both  the  flanges  and  the  web  is  calculated.  The 
value  of  X,  the  direct  stress  on  the  fibres  at  the  upper  and  lower  sur&cesi 
is,  by  inversion  of  formula  ( 19  ),  page  511, 


j  = 


W/ 


>v» 


flr'(4a+i.iSS«') 


(") 


in  which  d"  is  the  distance  apart  between  the  centres  of  the  flanges;  a  » 
the  sectional  area  of  one  fiange;  and  a^  the  sectional  area  of  the  wet^ 
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taking  the  height  of  the  web  -  iV .     Equating  this  value  of  s  to  the  value  (2). 
page  528,  in  terms  of  the  deflection, — 

W/ 


4^^.  and  W/3=4^-'»ED(4a+i.i550; 


d]&  taken  as  equal  to  d")  whence, 


4^'^E(4«+i.i550 ^'^^ 

[    From  this  equation  it  may  be  inferred  that  the  deflection  varies  inversely 
■I  a  power  of  the  depth  greater  than  the  square,  and  less  than  the  cube. 
uL  If  the  sir€ftgth  of  the  flange  alone  be  calculated.     By  inversion  of 
!.  Simula  (20),  page  511, 

W/  t      . 

'-,Td^ ('^) 

Equating  this  value  to  the  value  (2),  page  528, 

J\V/  ^4^"ED    andW/3=i6a^^«ED; 
vboice, 

^  =  16^-  ('5) 

In  this  equation,  it  is  seen  that  the  deflection  varies  inversely  as  the  square 
cf  the  depth. 

No.  8.  Doubleflanged  beam,  of  constant  breadth,  of  uniform  strength,  loaded 
ml  the  middle.  Figs.  168,  169,  page  523.  The  side  of  the  beam  is  triangular, 
and  the  average  depth  is  half  the  maximum  depth.  Reasoning  on  this  beam, 
IS  on  No.  2  beam,  page  529,  the  deflection  is  found  to  be  twice  that  of  No.  7 
beam.    The  numerical  coefficients  for  No.  7  are  therefore  halved,  and, 

ist.  When  the  strength  of  both  the  web  and  the  flanges  is  calculated: — 

2^''»E(4a+i.i55«'')  ^      ' 

id,  IVhen  the  strength  of  the  flanges  only  is  calculated: — 

T^         W/3  ,        . 

^  =  8^^^ ^'7) 

Na  9.  Daubleflanged  beam,  of  uniform  section,  loaded  at  the  middle.  The 
soperfknes  of  the  flanges  is  double  that  of  the  triangular  flanges  of  No.  7 ; 
and  the  average  stress  is  a  half.  Reasoning  on  this,  as  on  No.  3  beam, 
^  deflection  is  taken  as  equal  to  that  of  No.  7  beam,  and  is  determined 
bj  the  formulas  (  13 )  and  ( 15 ). 

Na  10.  Double-flanged  beam,  of  constant  depth,  of  uniform  strength,  uni- 
ftmly  loaded^  Fig.  172,  page  523.  The  deflection  is  half  of  that  of  No.  7, 
vith  equal  loads.  Doubling  the  numerical  coefficients  of  the  formulas 
(i3)and(is),— 

li/.  When  the  stretch  of  both  the  flanges  and  the  %veb  is  calculated: — 

T^^                W/3  . 

8^'«E(4a+i.i55«*) ^        ^ 
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2d.   When  the  strength  of  the  flanges  only  is  calctdated:^ 

W/3 


{ 


D  = 


(19) 


32  a  ^'''E'  

No.  1 1.  Doubleflar^ed  beantj  of  constant  breadth^  of  uniform  strength^  mi- . 
formiy  loaded^  Fig.  170,  page  523. — This  beam  is  parabolic  in  elcvaliot, : 
and  has  an  average  depth  two-thirds  of  the  maximum.     The  deflection  is 
three-halves  of  that  of  No.  10,  and  two-thirds  of  the  numerical  coeffidcoti 
of  formulas  (18)  and  (19)  are  to  be  taken. 

1st,   When  the  strength  of  both  tlu  flanges  and  the  web  is  calculated:— 

(«o) 


5.33^*'E(4<j+i.i550' 
2d,    When  the  strength  of  theflatiges  only  is  calculated: — 

W/5 


D  = 


(21) 


2i.33ai/"»E 

No.  12,  Doubleflanged  beam^  of  uniform  section^  uniformly  loaded, — ^Inoease 

the  numerical  coefficient  for  No.  9  to  eight-fifths,  as  was  done  correspond-  ; 

8  8 

ingly  for  No.  6;  or  to  (4  x  —  = )  6.4,  and  (16  x  —  =  )  25.6. 

\st.    Wlien  the  strength  of  both  the  flanges  and  the  web  is  calculated:— 

W/5 


6.4^"»E(4<j-M.i55  0 

2d,    When  the  strength  of  the  flanges  only  is  calculated: — 

25.6  ^'^E 


(22) 


D  = 


(23) 


Note. — As  to  double-flanged^  or  hollow-rectangular  beams,  Nos.  7  to  12.  It  has  been 
supposed,  for  convenience  of  investigation,  that  the  flanges  are  uniformly  thick ;  and  tbit 
the  variation  in  their  section  takes  place  entirely  in  the  breadth. 

Relative  Deflections  of  the  six  forms  of  beams,  both  solid-rectangulafy  and 
double  flanged. — The  deflections  are  inversely  as  the  numerical  coeffideDts 
in  the  respective  formulas,  and  are  as  follows,  table  No.  1 69 : — 

Table  No.   169. — Relative    Deflection   of    Beams,  variously  Pro- 
portioned AND  Loaded. 


Loaded  at  the  Middle. 

1.  Constant  depth,  uniform  strength, 

2.  Constant  breadth,  do. 

3.  Uniform  section, 

Uniformly  Loaded. 

4.  Constant  depth,  uniform  strength, 

5.  Constant  breadth,  do. 

6.  Uniform  section, 


Rectangiilar. 


ratio. 
I.O      or  I 
1.5      or  lyi 
i.o     or  I 


DouUe-flaoged. 


.5      or    X 
.625  or    yi 

.62$  or    )i 


ratio. 

1.0  or  I 
2.0  or  2 
1.0     or  I 


•S  or  K 
7S  or  H 
.625  or    )i 
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Na  13.  Deflection  of  a  Cylindrical  Beam  of  Uniform  Diatfuter, — By 

ionnula  (2),  page  528,  j  =  4 — — — ;  and  by  inverting  formula  (15),  page 

W/ 
510,  X = "T — Tz '     Equating  these  values  of  s, 


W/ 


.7854  ^' 


=  4^^;  and,W/3  =  3.i4i6^^ED. 


Whence,  r,  W/3  ,      . 

3.1416  a*  tj 

DffUctum  of  Semi-Beams  and  Semi-Girders. — The  deflection  of  a  semi- 
beam  or  semi-girder,  loaded  at  one  end,  is  double  that  of  a  beam  of  twice 
die  length,  loaded  with  twice  the  weight,  at  the  middle : — comparing  beams 
and  semi-beams  of  the  same  principle  of  uniform  strength,  or  of  uniform 
section.  Therefore,  the  deflection  of  a  beam  loaded  at  one  end  is 
(2x2x2^  =  )  32  times  diat  of  the  same  beam  supported  at  both  ends  and 
loaded  at  the  middle. 

To  find  the  deflection  of  semi-beams  or  semi-girders  uniformly  loaded ; 
ascertain,  first,  the  deflection  as  found  by  the  ratio  just  stated,  applicable 
when  the  load  is  applied  at  one  point;  secondly,  multiply  the  deflection 
thus  ascertained  by  the  respective  multipliers  subjoined.  The  product  is 
the  deflection  for  a  uniform  load : — 

Multipliers  por  Uniporm  Loads. 

Rectangular    Double-flanged 
section.  sectioiu 

(Fig.  156)  For  constant  depth,  uniform  Strength,...  .5  .5 

(Fig.  155)  For  constant  breadth,        do.             ...  .67  .76 

(Fig.  149)  For  uniform  section, 625  .625 

These  multipliers  have  been  deduced  by  the  consideration  of  average 
stress  combined  with  average  depth,  already  employed  for  beams  and  girders 
of  constant  depth,  and  of  constant  breadth. 

UNIFORM   BEAMS  SUPPORTED  AT  THREE  OR  MORE 

POINTS. 

The  distribution  of  weight  of  a  continuous  beam  uniformly  loaded  on 
three  or  more  points  of  support,  at  equal  spans,  is  deducible  from  the  laws 
that  relate  the  deflection  of  such  a  beam  between  the  supports.  Let  the 
bad  per  unit  of  length  =  a/,  and  the  length  of  the  span  =  //  then  the  total 
load  for  one  span  -wL 

1.  Beam  of  two  equal  spans,  on  three  supports : — 

Weight  resting  on  ist  and  3d  supports,    =  \  wL 
Do.         do.  2d  do.         =^^  wL 

2.  Beam  of  three  equal  spans,  on  four  supports : — 

Weight  resting  on  ist  and  4th  supports,  =^wL 
Do.  do.       2d  and  3d      do.        ^  j^  ^  ^' 

3.  Beam  of  four  equal  spans,  on  five  supports: — 

Weight  resting  on  ist  and  5th  supports,  =\^  ivl 
Do.  do.       2d  and  4th       do.       =  ||  w  /. 

Do.  do.  3d  do.       =fja'/. 
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Deflection  of  Continuous  Beams  or  Girders. — When  a  continuous 
uniformly  loaded,  is  supported  at  three  points,  by  two  equal  spans, 
middle  portion  is  deflected  downwards  over  the  middle  pier,  and  it 
by  suspension,  the  extreme  portions,  which  also  have  a  bearing  on  the 
supports.     The  middle  portion  is,  by  deflection,  convex  upi^upds,  and  Ae 
outer  portions  are  concave  upwards;  and  there  is  a  point  of  **contniy 
flexure,"  where  the  curvature  is  reversed,   being  at  the  junction  of  the 
convex  and  concave  curves,  at  each  side  of  the  middle  support    TUi 
point  is  distant  from  the  middle  pier,  on  each  side,  one-fourth  of  the  spaa 
Of  the  remaining  three-fourths  of  each  span,  a  half  is  carried  by  suspeiuioB 
by  the  middle  portion,  and  a  half  is  supported  by  the  abutment    He 
the  distribution  of  the  load  on  the  supports  is  easily  computed,  as 
above.     The  deflection  of  each  span  is  to  that  of  an  independent  beM 
of  the  same  length  of  span,  as  2  to  5. 

In  a  beam  of  three  equal  spans,  the  deflection  at  the  middle  of  either  of 
the  side  spans  is  to  that  of  an  independent  beam,  as  13  to  25. 

In  a  long  continuous  beam,  supported  at  regular  intervals,  the  deflecdoa 
of  each  span  is  to  that  of  an  independent  beam  of  one  span,  as  i  to  5.  1 

TORSIONAL  STRENGTH  OF  SHAFTS. 

Solid  Round  Shaft, — When  a  solid  round  shaft  is  subjected  to  torsional 
stress,  the  centre  is  a  neutral  axis,  about  which  the  intensity  and  the 
leverage  of  the  resistance  each  increase  as  the  radius;  and  the  two  in 
combination,  or  the  moment  of  resistance  per  square  inch,  increases  as  the 
square  of  the  radius.  Again,  the  ring,  or  annular  area  of  surface,  exposed 
to  stress,  increases  as  the  radius;  therefore,  the  moment  of  resistance  for 
each  ring  is  as  the  cube  of  the  radius;  and  the  total  moment  of  resistance 
for  shafts  of  different  diameters,  is  as  the  cube  of  the  radius,  or  of  the 
diameter. 

The  radius  of  the  resultant  ring  of  resistance  is  the  radius  of  gyration  of 
the  section,  being  the  same  as  that  of  a  circular  plate  revolving  on  its  axis, 
namely,  .7071  r,  the  radius  being  equal  to  r.  (See  page  289.)  By  reasoning 
analogous  to  that  which  was  applied  to  the  transverse  resistance  of  beams, 
it  is  deducible  that,  whilst  the  resultant  radius  is  .7071  r,  the  intensity  of 
resistance  over  the  whole  sectional  area  of  the  shaft  may  be  taken  as 
equivalent  to  that  of  the  resistance  at  the  circumference.  The  ultimate 
moment  of  resistance  is,  then,  expressed  by  the  product  of  the  sectional 
area  of  the  shaft  by  the  ultimate  shearing  resistance  per  square  inch,  and 
by  the  radius,  and  by  .7071;  that  is  to  say,  by 

.7854^'  X  -  X  //  X  0.7071; 

or  by  .278^3^, (a) 

in  which  ^=  the  diameter  in  inches,  and  h  =  the  ultimate  shearing  resistance 
per  square  inch. 

The  moment  of  the  load  W  is  the  product  of  the  load  by  the  radius  R 
through  which  it  is  applied,  or  W  R;  and,  W  R  =  .278  ^3^;  or, 

^v-■n3^, (O 


ji 

1 
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at  is  to  say,  the  breaking  force  is  equal  to  the  product  of  the  cube  of  the 
anieter  by  the  ultimate  shearing  strength  per  square  inch,  and  by  .278, 
Tided  by  the  radius  of  the  force.     Also, 

</=  1-534  y^; (2) 

*=:jw^^- <3) 

Hollow  Round  Shafts, — The  diagonal  resistance  to  torsion  is  diminished 
rthc  hollowing  of  the  shaft;  and  in  the  absence  of  experimental  evidence, 
will  be  provisionally  assumed  that  the  torsional  strength  is  equal  to  that 
a  solid  shaft  of  the  same  diameter,  minus  the  resistance  contributed 
'die  imaginary  core;  though  this  assumption  can  afford  but  a  rough  ap- 
Qximation  for  a  rule.  The  stress  h'  at  the  circumference  of  the  core  is  less 
in  the  stress  h  at  the  outer  circumference  in  proportion  to  the  diameter,  or 

k'::d:d'y  and  h'  =  h—.  The  resistance,  W,  of  the  imaginary  core,  adapt 
I  formula  ( i ),  is 

W  =  n^^l^'^  and,  by  substitution  for  h\  W  =  liT^^    ...  ( ^ ) 

be  strength  of  the  hollow  shaft  is,  therefore,  by  deduction, 

,,-     ,2^%  d^h _,2^%  d ^h _.i^Z  (d^h-d^h) 

R  ~R7  R5  '  ^''^ 

R  d 

!iat  is  to  say:  Multiply  the  difference  of  the  4th  powers  of  the  outer  and 
Dcr  diameters  by  the  ultimate  shearing  strength  per  square  inch,  and  by 
?8,  and  divide  by  the  product  of  the  outer  diameter  and  the  radius  of  the 
ice.  The  quotient  is  the  ultimate  torsional  strength  of  the  hollow  shaft 
id  Method. — When  the  section  is  comparatively  thin,  the  material  may 
conceived  to  be  collected  at  the  circumference,  for  which  the  radius  of 
ration  is  equal  to  the  radius  of  the  shaft.     Let  /  =  the  thickness,  then  the 

lional  area  =  3. 14  //  x  /,  and  W  =  3.i4//x/x  —  x^-j-R;  or, 

2 

W=^-:57^  ^^) 

Square  Shafts. — The  calculable  moment  of  torsional  resistance  of  a  square 
ift  is  greater  than  that  of  a  round  shaft  having  the  same  sectional  area, 
ce  the  comers  of  the  square  project  farther  from  the  centre  than  any 
tion  of  the  circle.  On  the  contrary,  the  material  is  less  favourably  dis- 
ied  for  resisting  torsional  stress,  as  the  comers  are  comparatively  unsup- 
ted.  It  may,  therefore,  be  assumed  that  practically  the  torsional 
»^th  of  a  square  shaft  is  equal  to  that  of  a  round  shaft  having  the  same 
tional  area.     The  side  of  the  square  section  is  to  the  diameter  of  the 
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round  section  as  i  to  1.128;  and  putting  ^  =  the  breadth  of  theside^ 
d^^the  diameter  of  the  equi^ent  round  shaft,  d^  1.128  d.    Substitute 

value  of  ^in  formula  (i);  then,  W='— Z — ^  '  *  '   ^    ;  or, 

yf--^ (6) 

Inversely,  the  breadth  of  a  square  shaft  having  the  ultimate  torsional  stroi  \- 
W  R  is,  after  reduction, 


=  1-36  V 


^  (7) 


That  is  to  say,  the  breaking  force  (6)  is  equal  to  the  product  of  the  cohiyi 
of  the  breadth  of  the  shaft  by  the  ultimate  shearing  strength  per  sqin^ij 
inch,  and  by  .4 ;  divided  by  the  radius  of  the  force.  '^ 

Also,  the  breadth  of  the  shaft  is  equal  to  the  cube  root  of  the  quodflU?: 
obtained  by  dividing  the  product  of  the  force  and  its  radius  by  the  dieaiqg*: 


strength,  multiplied  by  1.36. 


} 


i 

Torsional  Deflection,  j 

When  a  round  shaft  is  twisted  by  torsional  stress,  the  angular  deflection 
within  the  elastic  limit  is  approximately  proportional  to  the  twisting  forces 
and  to  the  length  of  the  shaft.     Let 

d=  the  diameter  of  the  shaft, 

/=the  length  of  the  shaft  subjected  to  torsion, 

A  =  the  shearing  stress  at  the  circumference  in  tons  per  square  indi 
within  the  elastic  limits, 

D  =  the  total  angular  deflection  of  the  shaft  subjected  to  torsion, 
expressed  in  parts  of  one  revolution, 

E'  =  the  coefficient  of  elasticity,  being  the  denominator  of  the  fraction 
of  the  length  by  which  the  circumference  of  the  shaft  is 
deflected,  or  the  ratio  of  the  length  to  the  circumferential  arc 
of  deflection  per  ton  of  shearing  stress  per  square  inch  at  the 
circumference. 

R  =  the  radius  of  the  force. 

W  =  the  twisting  force  in  tons. 

The  total  circumferential  deflection  is  equal  to 

E'""        F  '   ^""^ 

and  if  the  circumferential  arc  of  deflection  be  divided  by  the  circumference, 
equal  to  3.1416  //,  the  quotient  is  the  angular  deflection,  or 

^= ^^  (8) 

3.i4i6tfE  ^     ' 

and 

>i  =  3-X4i6^^E'D   ^^^ 

Equating  this  value  of  ^  and  the  previous  value  of  A,  (3). 
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3.i4i6^E'D^   WR  .  and  WR/=.873^/«E'D; 
/  .278  a' 

vfaence 

T^        WR/  ,      V 

^=:8^J^'  <^°> 

W=:573^    (^^^ 

£,^_VVRV_    

.873  ^*D  ^    ^ 

These  equations  express  the  relations  of  the  weight  or  force,  the  coeffi- 
cient of  elasticity,  and  the  deflection  within  the  elastic  limits.  The  formula 
(10)  for  the  deflection  signifies  that  the  deflection  varies  directly  as  the 
WKt,  and  as  the  radius  of  the  force,  or,  jointly,  as  the  moment  of  the 
fice;  and  as  the  length  of  the  shaft;  and  that  it  varies  inversely  as  the 
4lh  power  of  the  diameter,  and  as  the  coefficient  of  torsional  elasticity. 

The  torsional  deflection  of  a  square  shafl  may  be  found  by  means  of  the 
same  formula,  substituting,  for  calculation,  a  round  shaft  of  equivalent 
strength. 

The  torsional  deflection  of  round  and  square  shafts  varies  with  the  diameter 
in  the  same  ratio  as  the  transverse  deflection;  namely,  as  the  4th  power. 

Hollow  Round  Shafts, — Equating  the  value  of  ^,  obtained  by  inversion  of 
fonnula  (4),  and  the  value  in  equation  (9): — 

.278^^^-^)°^''^'^^^-  and WR/=.873(^--  ^--)E-D; 

^^^^  WR/  .       . 

.873(^*-^'*)E ^'^^ 

STRENGTH   OF  TIMBER. 

A  number  of  delicate  experiments,  described  by  M.  Morin,^  were  made 
bf  various  experimentalists,  with  specimens  of  wood  of  different  kinds, 
aufomi  in  texture,  of  very  small  scantling,  and  on  very  wide  spans,  loaded 
at  the  middle.  It  was  satisfactorily  proved  by  the  results  of  these  experi- 
ments: I  St,  that  the  deflection  was  sensibly  proportional  to  the  load;  2d, 
that  the  compression  and  extension  were  nearly  the  same,  though  the  com- 
pression was  slightly  the  less;  3d,  that,  to  produce  equal  deflections,  the 
load  when  placed  on  the  middle,  was  to  the  load  when  uniformly  dis- 
tributed, as  .638  to  I,  or  as  5  to  7.84;  4th,  that  the  deflections  under  equal 
loads  were  inversely  as  the  breadths,  inversely  as  the  cubes  of  the  depths, 
and  directly  as  the  cubes  of  the  spans. 

Thus,  the  correctness  of  the  principles  of  the  deflection  of  beams  under 
tnmsverse  stress  is  established  by  the  results  of  most  carefully  conducted 
esperiments;  though  in  ordinary  practice,  no  doubt,  there  are,  in  individual 
instances,  considerable  degrees  of  divergence  from  those  laws  of  deflection 
in  the  behaviour  of  timber,  which  are  attributable  to  the  want  of  uniformity 
of  structure. 

'  Rhistance  des  MatMaux. 
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MM.  Chevandier  &  Wertheim,  who  have  made  many  experiments  odi 
strength  of  timber,  arrived  at  the  following  general  conclusions: — ist 
the  density  of  wood  varies  very  little  with  the  age.  2d.  That  the 
cient  of  elasticity  diminishes  after  a  certain  age;  and  that  it  depends 
on  the  dryness  and  the  aspect  of  the  ground  where  the  wood  is 
Woods  from  a  northerly  aspect,  on  dry  ground,  have  always  a  high  tti 
efficient,  whilst  woods  from  swampy  districts  have  the  lowest  coeffideoii 
3d.  That  the  cohesive  strength  is  influenced  by  the  age  and  the  asped 
4th.  The  coefficients  of  elasticity  of  trees  cut  down  in  full  vigour,  and  « 
those  cut  down  before  they  arrive  at  this  condition,  do  not  present  aa 
sensible  difference.  5th.  That  there  is  no  limit  of  elasticity,  propcd 
so  called,  in  wood.     There  is  a  permanent  set  for  every  elastic  extension. 

A  condensed  table  of  the  results  of  their  experiments  on  the  eiaid 
and  absolute  strength  of  timbers,  is  given  in  the  section  on  the  elaiti 
strength  of  timber.  It  may  be  added  that  the  same  woods  were  teste 
for  tensile  strength,  in  directions  at  right  angles  to  the  length  of  the  tiec 
in  a  radial  line,  and  in  a  line  tangential  to  the  annular  layers.  The  aven| 
ultimate  strengths  were  as  follows : — 

Parallel  to  the  axis  of  the  tree,... 3.08    tons  per  square  inch,  or  as  i 

Radially 305     „  „  „      % 

Tangentially 323     „  „  „      Viaj 

Mr.  Lasletf's  Experiments. 

The  recently  published  results  of  Mr.  Laslett's  experiments  on  the  strenf 
of  timber,  afford  valuable  data  for  the  ultimate  strength  of  timbers.^  T 
specimens  tested  for  tensile  and  transverse  strength  were  2  inches  squa 
For  transverse  strength  they  were  7  feet  long,  on  a  6-foot  span,  with  the  Ic 
applied  at  the  middle;  and  for  tensile  strength  they  had  usually  a  cl 
length  of  30  inches.  The  specimens  tested  for  crushing,  or  compress 
strength,  consisted  of  cubes  of  from  i  to  4  inches,  and  of  pieces  2  incl 
square  and  upwards,  of  various  lengths. 

English  Oak, — Twelve  specimens  were  cut  side  by  side,  in  a  line  < 
metrically  across  one  tree.  Six  on  one  side  of  the  centre  came  out  wit 
long  clean  straight  grain;  six  on  the  other  side  had  a  wavy  and  twis 
grain  with  a  short  fibre.  They  were  tested  for  transverse  strength; 
breaking  weight  varied  from  390  lbs.  to  740  lbs.,  and  the  ultimate  def 
tion  from  3.5  to  7  inches. 

Straight  Grain.     Wavy  Grain.         Together. 

Average  breaking  weight 562  lbs.       407  lbs.       484  lbs. 

Average  ultimate  deflection 5.10  in.       3.95  in.       4.52  in. 

Average  specific  gravity 858  .867  .862 

The  stronger  half-dozen  specimens  were  afterwards  tested  for  ten 
strength.  The  results  are  given  in  table  No.  170,  together  with  a  select 
of  results  of  specimens  from  two  trees  of  average  quality,  fairly  season 
The  tensile  strength  is  shown  by  the  table  to  increase  with  the  spec 
gravity;  and  it  ranges  from  i  ton  to  4  tons  per  square  inch.     The  tra 

'  Timbtr  and  Timber  TreeSy  Native  and  Foreigft.  By  Thomas  L4islett,  Timber  Inspe 
to  the  Admiralty.  1875.  The  data  extracted  from  Mr.  Laslett's  work  are  here  paUis 
by  permiiision  of  the  proprietors  of  the  work. 
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strength  varies  proportionally  as  from  i  to  2.27;  and  the  deflection 
390  lbs.,  fh>m  1.5  to  4  inches,  or  as  i  to  2.63. 

Na  170. — ^Transverse  and  Tensile  Strength  of  English  Oak. 

(Redaoed  from  Mr.  Laslett's  Experiments.) 
First — Spedmeivs  cut  firom  one  side  of  a  tree. 


siidMssaaaie. 

SpWIIf  0  Met. 


Specific 
Gravity. 


.900 

.8S4 
.864 
.838 

791 


.858 


Transverse  Strength. 


Deflec- 
tion under 
390  lbs. 


inches. 


— — — ^— 1 

I 
I 

l(Dezt  centre) i 

t I 

3- ; 

4" : 

6  (outside) ' 

I 

Averages 1 

Second — From  two  trees,  good  average  quality,  moderately  seasoned. 


inches. 
2.00 
2.00 
2.25 

3.SO 

3-7S 
4.00 


2.916 


Set  for 
390  lbs. 


Ultimate 
Deflec- 
tion. 


inches. 
7.00 
4.50 
5.00 
4.50 
5.00 
4.50 


5.10 


Breaking , 
Weight  ' 


lbs. 
740 
630  I 
620  ' 

480 


562 


Tenule  Strength 
per  Square  inch. 


lbs. 

5,320  or 

4,400  „ 

4,200  „ 

4,340  „ 

2,520  „ 

2,240  „ 


tons. 

2.375 
1.964 

1.875 

1-938 
1. 125 

1. 000 


3,837  or  1.713 


Averages 

Total  Averages. 


1.003 

I.7S 

.000 

9.25 

882  , 

1.005 

1.625 

.125 

9.50 

977 

1.002 

1.50 

.000 

8.75 

827 

.905 

3.50 

.200 

S.25 

IS 

.720 

3- SO 

.250 

7.00 

.725 
.893 

3-25 

.125 

6.50 

797 

2.524 

.117 

7.71 

8'3 

.876 

2.720 

6.40 

688 

1 

8,890  or  3.969 
7,840  „  3.500 
8,400  „  3.750 
8,260  „  3.687 
6,160  „  2.750 
5,880  „  2.625 

7,571  or  3.380 


5,704  or  2.546 


Dantzu  Fir, — In  a  series  of  six  experiments  for  transverse  strength- 
The  specific  gravity  varied  from  .478  to  .673;  average,  .582 


,, 


>, 


„ 


„ 


1.63  inches. 
.066 

5-M 
877  lbs. 


>, 


,, 


The  deflection  under  390 lbs.  „  1.25  to  2.25; 

The  set  under  390  lbs.  ,,  .000  to  .100; 

Ultimate  deflection  „  4.50  to  6.15; 

Breaking  weight  „  700  to  970; 

In  experiments  for  tensile  strength — 

The  specific  gravity  varied  from        .512  'o  .673;  average  .603 
The  breaking  weight  per  square  inch  I. o    to  2.0;         „        1.5  tons. 

The  resistance  to  crushing  of  i-inch,  2-inch,  3-inch,  and  4-inch  cubes  of 
irious  woods  was  practically  the  same  per  square  inch  of  surface  for  the 
flferent  sizes  of  cube;  though  there  was  in  general  a  slight  diflerence  in 
irour  of  the  smaller  cubes. 

The  table  No.  171,  compiled  from  the  results  of  Mr.  Laslett's  experi- 
rnts,  shows  the  average  transverse  strength  and  tensile  strength  of  various 
ods,  hard  and  soft;  and  table  No.  172  shows  their  compressive  strength, 
the  resistance  of  cubes  to  crushing: — 
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Table  No.  171. — Tramsversb  and  Tensile  Stremctk  or  1 

(Reduced  from  Mr.  Lasletl'i  daU.) 


Oak:— 

English  j^^^^^^f,^ 
Do 

Do.  !!!!!!!!!!!!!!'!!"!;r 

Tuscan 

Sanlinian 

DanUic 

'      Spanish 

.      American  White 

I  Do.      Baltimore 

I      African  {or  teak) 

ITeok,  Moulmein 

I  Do.        

.  Iron  Wood,  Bormoh 

I  Chow,  Borneo 

Ureeihean,Gniana.. 

SabiicOiCuba 

Mahocony,  Spanish 

Honduras .. 

Mexican 

Eucalyptus,  Auslialia: — 

Tewart 

Maho)^)' 

Iron-Bark 

Blue  Gum 

A&h,  English 

Canadian 

Beech 

Elm,  English 

I  Rock  Elm,  Canada 

Hornbeam,  England 

'  Fir,  Dantric 

Rig» 

Spruce,  Canada 

Larch,  Russia 

Cedar,  Cuba 

Red  Pine,  Canada 

Yellow  Pine,  Canada. 

Do.  do 

Do.  do 

Pitch  Pine,  American 

Do.  do.      

Do.  do 

Kaari  Pine.  New  Zealand..  . 


'SS5' 


ti^ 

3.^5 

2.53 

X 

I.S8 

040 

3.7b 

w 

8,6 

S-oo 

042 

4-03 

9S, 

1.91  1 

747 

1.47  . 

qtn 

i-ii    , 

776 

..6,  j 

Bog 

'•94 

.76 

.96 

.gz 

tSO 

2.1S 

*)I7 

Itx, 

67S 

1..25I 

169 

1. 17 

141 

■94 

oaq 

1.16 

l& 

1.62  ' 

^75  1 

«! 

4.90  ' 

I.7S 

«= 

1.63 

S4' 

1.29  1 

& 

1. 23  1 

1-57 

4W 

J.  27  ' 

■ISJ 

AC 

IS 

2.09  ; 

710 

r,i4  ; 

(IS 

1.41  , 

"" 

'.39 

7^58 
7.66 

6.46 


*.3 
S77 

"! 

7S8 


.838  4 

■  969  7 


653 
627 

483 
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Table  No.  172. — Crushing  Resistance  or  Compressive  Strength 

OF  Timber. 

(Reduced  from  Mr.  Laslett's  data.) 


Name  of  Timber. 


— i-indi,  a-inch,  3-uich, 
and  4-iDch  cubes. 


Oak,  English  ^unseasoned) 
Do.      (seasoned)... 

French 

Tuscan 

Sardinian 

Dantzic 

American,  White 

Do.        Baltimore 

Teak,  Moulmein 

Iron  Wood 

Chow 

(kcenheart 

Sabicu 

Mahogany,  Spanish 

Honduras 

Mexican 

Eucalyptus,  Tewart 


Average 

Resistance 

per  sauaie 

incn. 


tons. 
2.194 
3.337 

3.S47 

2.437 
2.604 

3.344 
2.709 

2.630 

2.559 
5.208 

5.621 

6.438 

3.776 
2.863 

2.853 
2.503 

4.174 


Name  of  Timber, 


Specimens — x-inch,  a-inch,  3-inchy 
and  4-inch  cubes. 


Eucalyptus,  Mahogany. 
Iron- Bark. 
Blue  Gum. 

Ash,  English 

Canadian 

Elm,  English 

Rock 

Hornbeam 

Fir,  Dantzic 

Riga 

Spruce 

I  Larch 

Cedar. , 

'  Red  Pine 

I  Yellow  Pine , 

Pitch  Pine 

Kauri 


Average 

Resistance 

per  SGuare 

inch. 


tons. 

3.198 
4.601 

3.078 
3.109 

2.4S3 

2.583 
3.832 

3.7 1 1 
3.102 

2.342 

2.166 

2.596 

2.000 

2.537 
1.877 
2.885 
2.867 


Crushing  Resistance  of  Columns  of  Wood. 
Engiish  Oak,  3  inches  square : — 

per  square  inch. 

Unseasoned,  9  specimens,      8  to  16  inch,  high,  spec.  grav.  .922,    1.68  tons. 
Seasoned,       2       do.,        17  and  18    „        „  „  .778,    2.52    „ 

Aferage  of  4  specimens,  6  inches  square,  12  to  36  inches  high,      3.68    „ 
Do.       4        do.,       9      „         „       12  to  21     „  „  2.85    „ 

One  specimen, 9x10  inches,  24    „         ,,  3.24    „ 

Two  specimens, loxii       „        18  and  21     „         ,,2.72,2.91    „ 

kdum  Teak.— 

6  inches  square,  specific  gravity  .795 4.38    „ 

9  »  I*  »  .838 3.81    „ 

Dantne Fir,  under  30  inches  high,  average  results: — 

6  inches  square,  specific  gravity  .600 3.897  „ 

9x10  inches,  do.  .608 2.562  „ 

10  inches  square,  do.  .660 1.812  „ 

»      »  »  do.  .563 2.446  „ 

Engfish   Oak  and  Fir  of   considerable  length   in  proportion  to  the 

KUItllDg: — 
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English  Oak, 

English  Oak, 

Dantsic  Fir, 

Ri| 

Lensth 
Specunens. 

a  inches 

square. 

4  inches 

square. 

a  inches 

1 

(square. 

amcb 

Specific 

Crushing 
Weight 

Specific 

Crushing 
Weight 

!  Specific 

Cruslung 
Weight 

Specific 

Gravity. 

per  square 
inch. 

Gravity. 

per  square 
in<». 

,  Gravity. 

1 

i 

per  sauare 
indb 

Gtavity. 

inches. 

tons. 

tons. 

1 

tons. 

I 

.740 

3-37 

.756 

2.72 

2 

341 

— 

— 

:  .756 

3.17 

— 

3 

3.47 

;  -720 

2.97 

-- 

4 

3.50 

— 

!  .756 
.669 

3-44 

— 

5 

„ 

3.94 

— — 

— 

3-44 

— 

6 

*' 

3.72 

.648 

3.25 

'— 

7 

3.69 

— 

.617 

3.19 

— 

8 

„ 

3.63 

— 

'  .621 

303 

9 

yi 

3.75 

— 

— 

1  .720 

3.03 

— 

lO 

slipped. 
3.69 

— 

.669 

3.>3 

II 

— 

.726 

2.91 

12 

.720 

3-44 

— 

— 

.774 

3.00 

— 

15 

— 

.958 

1.60 

— 

i6 

— 

.972 

1.58 

— 

— 

— 

17 



— 

.934 

1.69 

~~" 

i8 

.720 

2.75 

.930 

1.72 

.636 

2.88 

19 

— 

•932 

1.76 

— 

— 

20 

.972 

1.76 

— 

— 

21 



— 

.946 

1.75 

— 

— 

22 

•932 

1.63 

— 

— 

— 

23 



.921 

1.47 

1 

^^^^ 

24 

.720 

2.63 

1.003 

1.88 

.684 

2.72 

— 

30 

•734 

2.44 

1 

.662 

2.63 

Mr.  Fincham's  Experiments  on  the  Transverse  Streng 

Soft  Woods.^ 

Mr.  Fincham  made  many  experiments  on  3-inch  square  scan 
spans  of  4  feet,  of  wood  of  three  degrees  of  seasoning : — "  gree 
"  dry"  wood,  and  "  very  dry  and  particularly  good"  wood.  Table 
contains  results  of  his  experiments  on  very  dry  wood,  to  which  a 
the  average  results  for  the  same  woods  "green"  and  " dry." 

These  results  show  that  the  ultimate  strength  of  the  woods  is 
whether  green  or  dry,  but   that  the  stiffness  is  materially  incr 
thorough  drying.     It  seems  from  the  experiments  that  the  elasti 
strength  of  dry  wood  is  about  a  half  of  the  breaking  strength,  and 
deflection  is  about  j4  inch  for  a  load  of  .75  ton,  or  .64  inch  per  tc 

Transverse  Strength  of  Beams  of  Large  Scantlin( 

Mr.  H.  H.  Maclure  made  experiments  on  the  transverse  sti 
Memel  fir,  supported  at  both  ends,  and  loaded  at  the  middle 
results  of  which  see  table  No.  174. 


*  Papers  on  Naval  Architecture,  vol.  L 
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k  No.  173. — ^Transverse  Strength  of  Soft  Woods  (Very  Dry). 

(Reduced  from  Mr.  Fincham's  tables.) 
Spedmens  3  inches  square,  4  feet  span ;  loaded  at  the  middle. 


iFir. 

Pine..... 
oir  Pine. 
wtj  Fir., 
ch  Pine . 
rl 


LoMi>68oIU.. 

Load  3530  lbs.. 

Specific 

or  .75  ton. 

or  i.zas  tons. 

Gravity. 

Defl'tioo. 

Set 
inch. 

Defl'tion. 

Set 

inch. 

inch. 

inch. 

.610 

.38 

.00 

il 

.04 

•544 

.01 

.06 

•439 

.37 

.07 

.78 

.06 

•517 

z 

.01 

.61 

.01 

.453 

.02 

•93 

•03 

.579 

.29 

.00 

.40 

.02 

Load  9500  Iba., 

or  1.135  tons. 

After  I  bourns 

pressure. 


Defl'tion.'   Set 


inch. 
.40 
.86 

1. 00 

.86 
•50 


inch. 

.07 
.08 

.18 
.23 

•OS 


BreakinK 
Weight 


lbs.  tons. 

4530,  or  2.022 
3780,  or  1.688 
2756,  or  1.230 
3292,  or  1.470 
2520,  or  1. 125 
41 10,  or  1.835 


Average  Results  for  the  above  Six  IVoods,  under  different  conditions. 


n,  Top.... 
.,  Butt.... 

Top 

Butt 

'dry 

i]  arerages 


.704 

.75 

.08 

•94 

•13 

1.09 

.22 

•^1 

•54 

.06 

.75 

.04 

1.35 

.70 

.466 

•5! 

•04 

.92 

•03 

1.04 

.09 

.541 

.48 

.02 

.70 

.10 

•95 

.16 

.524 

•37 

.02 
.04 

.64 

.04 
.07 

.72 

.12 
.26 

•576 

•54 

.79 

1-03 

343  ^  or 
3746,  or 

30501  or 
2945,  or 
3498,  or 


^532 
1.672 

1. 361 

1-315 
1. 561 


3334,  or  1.488 


Table  No.  174. — ^Transverse  Strength  of  Memel  Fir,  1849. 

(Reduced  from  Mr.  H.  H.  Maclure's  data.) 


Calculated  Tensile 

idth  and  Depth. 

Span. 

Breaking  Weight 

Ultimate 
Deflection. 

Strength  per  square 

inch,  by  formula 

(  a ),  page  507. 

lies,     inches. 

inches. 

pounds.        tons. 

bches. 

tons. 

I      X       I 

16 

483,  or   .215 

.75- 

2.978 

I        X         I 

16 

450,  or   .201 

•75 

2.784 

2       X       2 

32 

1910,  or   .853 

1. 00 

2.953 

2       X        2 

32 
feet 

131 1,  or   .584 

1. 125 

2.023 

}       ^        3 

9 

1 1 04,  or   .493 

35 

1.707 

J       X        3 

9 

1482,  or   .661 

4^5 

2.289 

>      X     12 

12 

—       '5-5 

2.0 

2.222 

}      X     12 

12 

17.0 

2.5 

1.635 

\       X     12 

12 

—       27.5 

1 

3.25 

1.992 

.  Edwin  Clark  tested  the  transverse  strength  of  red  pine  of  large 
ling    selected    from   the  scaffolding   employed    in   constructing   the 
mia  Bridge: — two  whole  balks  17  feet  long,  and  a  piece  cut  from  the 
;  of  a  balk. 
.  C  Graham  Smith  gives  the  results  of  tests  for  transverse  strength  of 
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pine  timber  of  large  scantling  at  liverpooL    The  pieces  were  sdedd  m 
average  samples  from  cargoes.^ 

The  table  No.  175  contains  the  leadmg  resolts  of  the  experimoits  of  lb; 
E.  Clark  and  Mr.  C.  G.  Smith. 

Table  No.  1 75. — ^Transverse  Strength  of  Pine  and  Fir. 

(Reduced  and  arranged  from  the  experiments  of  Mr.  Edwin  Clark, 

and  of  Mr.  C.  Graham  Smith. ) 

(Mr.  Edwin  Clark.) 


Breadth  and  Depdi. 


inches. 
American  Red  Pine 


I. 


2. 


12  X  12 
(Sp.  gr.,  .509) 

12  X  12 
(Sp.  gr.,  .543) 


Span. 


fecL 

«5 
7.5 


Application 
of  the 
Load. 


Centre. 
Do. 
Do. 


Elastic 
Strength. 


tons. 
9.0 
9.0 
2.0 


Elastic 
Deflec- 
tion. 


inches. 
I.OO 
I.2S 
.62 


UltimaSe 


Weight. 


tons. 
14.82 

13.24 
3.29 


We^ 


inches. 

4.00 

3.10 

1.68 


6! 

68 
I     61 


(Mr.  C.  G.  Smith.) 


Memel  Fir. 

4.      13-5 '^    13-5) 
(from  the  butt)  ( 

5-  «3-5^  135  \ 
(from  the  top)  ) 
Baltic  Fir. 

6.  6     X    12 

7.  6     X    12 
Pitch  Pine. 

8.  6     X    12 

9.  6    X    12 

10.  14    X    15 

11.  14     X    15 
Red  Pine. 

12.  6    X    12 

13.  6     X    12 
Quebec  Yellow  Pine. 

14.  14    X    15 

15.  14    X    IS 

16.  14     X    15 

17-      '4    ^   »5 


05 
0.5 


2-25  „ 
2.25 

2.25  ii 

2.25!, 


2.25 
2.25 

0.5 
0.5 
o-S 
0.5 


Distributed. 
Do. 

Centre. 
Do. 


Do. 
Do. 
Do. 
Do. 

Do. 
Do. 


Distributed. 

Do. 

Centre. 

Do. 


.  380 

.37 

1 
1 

•  6i.cx> 

— 

380 

.51 

6i.cx> 

— 

1  6.0 

6.0 

1 

.66 
.72 

1     8.50 
10.50 

1 

1. 11  + 
1.93+ 

1    5-° 

.28 

1 

.   10.2 

'•31 

I    8.0 
40.0 
35.0 

•97 
.49 
.49 

60.0 

59.2 

1 

1.31+ 
1. 14 

50 
50 

.70 
.70 

2-5 
8.5 

1.94+ 

35.0 

350 
30.0 

.39 

.39 

.56 

61.0 
61.0 

38.3 
34.0 

— 

62 

62 

7S 
57 

67 
59 

67 
59 

78 


Three  beams  of  oak,  mentioned  by  Mr.  Baker,*  appear  to  have  bee 
broken  transversely  by  the  following  loads  at  the  middle : — 

1.  I  inch  square  x  2  feet  span 212  tons  breaking  weigh 

2.  S}4  inches  square  x  11  feet  9  inches  span 14.365  „  „ 

3.  10  73  in.  wide  x  12X  in.  deep,  24  ft.  o  in.  span..    8.780  „  „ 


*  See  Mr.  Smith's  paper  on  JPifu  Timber,  read  before  the  students  of  the  Institatioii 
Civil  Engineers  in  1875,  and  published  in  Engineerings  vol.  xix.  page  393. 

•  On  the  Strengths  of  Beams^  Columns,  and  Arches,     187a 


TRANSVERSE  STRENGTH  OF  FIR  AND  OAK. 


545 


MM.  Chevandier  and  Wertheim  tested  the  transverse  strength  of  rectan- 
beams  of  fir  and  oak  from  the  Vosges.^ 

Table  No.  176. — ^Transverse  Strength  of  Fir  and  Oak  from 

THE  VOSGES. 
(Redaoed  from  MM.  Chevandier  and  Wertheim's  data.) 


VoscnTkmnL 
Specific  (ksvity. 

Breadth  and  Depdi. 

Span. 

Breaking  Weight  at 
the  middle. 

Fir. 

inches. 

bches. 

feet. 

pounds. 

tons. 

.530 

11.4 

X 

12.8 

42.64 

14,120,  or 

6.30 

.506 

lao 

X 

1 1.2 

36.08 

11,867,  or 

530 

.548 

8.8 

X 

9.6 

29.52 

7,584,  or 

3.38 

.525 

6.7 

X 

I'l 

29.52 

4,580,  or 

2.04 

481 

3.65 

X 

4.85 

29.52 

1,137,  or 

.508 

493 

9.7 

X 

2.16 

9.91 

2,017,  or 

.900 

479 

9.5 

X 

I. II 

9.91 

581,  or 

.260 

Oak. 

1.008 

s-^ 

X 

ia9 

18.04 

17,356,  or 

7.75 

.958 

8.6 

X 

tl 

18.04 

15,816,  or 

7.06 

.922 

7.6 

X 

8.6 

18.04 

1 1495,  or 

5.23 

.028 

6.3 

X 

74 

18.04 

12,155,  or 

543 

.985 

5.4 

X 

6.3 

18.04 

4,895,  or 

2.19 

.636 

3.26 

X 

3.20 

9.84 

1,188,  or 

.530 

:^? 

3.07 

X 

3.16 

8.20 

1,617,  or 

.722 

1 1.5 

X 

2.15 

18.04 

957,  or 

.427 

.824 

5.64 

X 

1.66 

9.84 

825,  or 

.368 

1        .712 

9.5 

X 

I. II 

9.84 

715,  or 

•319 

Elastic  Strength  and  Deflection  of  Timber. 

Reverting  to  the  conclusions  of  MM.  Chevandier  and  Wertheim,  on  the 
strength  and  elasticity  of  timber,  page  538,  these  experimentalists  found 
that  there  was  no  limit  of  elasticity,  properly  so  called,  in  wood;  though 
there  was  a  permanent  set  for  every  elastic  extension.  They,  nevertheless, 
adopted  empirically,  as  the  limit  of  elasticity  for  tensile  strength,  the  point 
It  which  a  set  of  Vao^oooth  of  the  length  is  acquired.  This  is  a  fanciful 
distinction,  for  a  set  of  i  in  20,000  parts  may  be  simply  the  effect  of  a 
straightening  of  the  fibres.  With  this  explanation,  the  following  table. 
No.  177,  of  the  tensile  strength  of  timbers,  condensed  from  their  tables,  is 
of  some  value;  although  the  fractions  of  extension  in  the  second  last 
cdumn  are  scarcely  consistent  with  the  results  of  the  scanty  experiments 
of  others. 

^  Morin*s  Resistance  da  Mathiaux. 
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Table  No.  177. — Tensile  Strength  of  Timber. 

(Reduced  from  the  tables  of  MM.  Chevandier  and  Weitheim.) 


Acacia 

Fir 

Hornbeam... 

Birch 

Beech 

Oak 

Do 

Pine 

Elm  

Sycamore.... 

Ash 

Alder 

Aspen 

Maple 

Poplar  


ist  Series.— Comparative  Elastic 
Strength  per  ton  per  square  indi, 
taken  when  the  set  is  i  in  ao,ooa 


Green 
Wood. 


tons. 


.814 
.483 


.627 
1.046 

1.096 

.920 

1.462 


Wood  Dried. 


In  closed 
premises. 


tons. 
2.016 
1. 014 

1. 281 


1.229 
.883 


.762 


In  the  air 

and  the 

sun. 


tons. 
2.024 
1.367 

1.027 
I.47I 


I.49I 
1037 
1. 170 
1.462 

1.288 
1. 149 

1.957 
1.724 

.942 


3d  Series.— Elastic  and  Uldmate  Sira«di. 


Specific 
Gravity. 


717 
493 
756 
812 
822 

808 
872 

559 

723 
692 

697 
601 

602 

674 
477 


Elastic  Strength,  vhen 
set  is  I  in  ao,' 


Total  per 
square  inch. 


tons. 
2.024 
1.367 

.814 
1.027 

1.471 


1.491 

1.037 
1. 170 

.723 

.728 
.712 

.657 
.678 

•639 


Eztenuon 
per  ton  per 
square  inch 
in  puts  of 
the  length. 


«/8oi 

'/707 
V690 
V63a 
V6a3 

V585 
V3S6 
V740 
V739 


'/7" 
'/704 
'/683 
V648 


4.97« 
2.654 

1.899 

1.369 

2.267 

4 121 

3594 
1.575 
4-439 
39" 

4.305 
2.883 

4572 
2.273 
1.240 


The  following  are  the  results  of  experiments  by  Mr.  Laslett  on  the 
elongation  of  hard  woods  under  tensile  stress.  The  specimens  were  2 
inches  square;  length,  36  inches.  The  elastic  limit  reached  up  to,  or 
nearly  to,  the  breaking  point: — 


Wood. 

Elastic 

Strength, 

per  square 

tncn. 

tons. 

•  •  •         ^* /  J          •  •  • 

•  •  •            ^m\J\^          •  •  • 

•  ••            ^•/j            ••• 

Breaking 

Weight, 

per  souare 

incn. 

Elastic  Extension. 

Total. 

Per  ton  per 
square  inch. 

Fraction  of 
length. 

English  oak 

Dantzic  oak  .... 
Indian  teak. 

tons. 

•  ■  •                                   •  •  • 

•  •  •               ^9\J\J              •    •   ■ 

...        1.92       ... 

inch. 

•  •  •       *^j       •  •  • 

•  ••            alO            ••• 

inch. 
. .  •     .09  •     ... 
. . .     •O94    ... 

...      « X  v/O      ... 

'/396 
V383 
V333 

The  following  are  the  chief  results  of  tests  by  Mr.  Kirkaldy  of  the  com- 
pressive resistance  of  two  balks  of  fir — ^White  Riga  and  Red  Dantzic,  about 
13  inches  square,  and  20  feet  long,  with  square  ends,  in  a  horizontal 
position.  They  were  "  not  very  dry."  The  limits  of  the  elastic  strengths 
are  taken  at  the  points  where  the  rate  of  compression  for  equal  increments 
of  pressure  became  accelerated. 
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Compression.  White  Riga.  Red  Dantzic 

Strength 133.9  ^o^s.  111.6  tons. 

►o.          per  square  inch .792,,  .627,, 

g  strength 147.9      »»  138.0      „ 

o.              per  square  inch 875  „  .775  „ 

f  elastic  to  breaking  strength 90  per  cent.  8 1  per  cent. 

compression .523  inch.  .4i4inch. 

Do.  per  ton  per  square  inch, 

rts  of  the  length '/364  x/36^ 

impression  before  rupture .642  inch.  .548  inch. 

er  total  elastic  stress .022    „  .02     „ 

.  Barlow's  Experiments  on  Transverse  Strength,  1837.^ 

larlow  made  a  number  of  experiments  to  test  the  transverse  deflec- 
l  strength  of  timber  of  average  quality,  taken  as  seasoned,  from  the 
n  Woolwich  dockyard.  The  specimens  were  2  inches  square, 
red  on  a  span  of  7  feet,  except  a  few  which  were  tested  on  a  span 
-  The  average  ratio  of  the  elastic  to  the  breaking  strength  is,  from 
2,  31  per  cent.;  but  Mr.  Barlow  has  not  stated  the  conditions  of  the 
mit  prescribed  by  him. 

ble  No.  1 78. — Elastic  Transverse  Strength  of  Timber. 

(Condensed  and  adapted  from  Mr.  Barlow's  experiments.) 
Specimens  2  inches  square,  7  feet  span ;  loaded  at  the  middle. 


line  of  Timber. 


oak 

n  oak 

oak 

oak 

DC 

B 

gland  fir 

[span  6  feet) 

•est  fir 

(span  6  feet) 

f» 

yon  6  feet) 

ff  

ft  

spu  (span  6  feet) 


Elastic  Strength. 

Breaking  Weight. 

Ratio  of 

Specific 

Elastic  to 

Gravity. 

Breaking 

Weight. 

Deflection. 

Weight 

Deflection. 

Strength. 

pounds. 

inches. 

pounds. 

inches. 

per  cent. 

.745 

300 

I.ISI 

938 

4.32 

32         1 

.579 

ISO 

.822     i 

846 

5.92 

17.7 

.969 

150 

1.590    ! 

450 

5-9* 

33       1 

■934 

200 

1.280 

637 

8.10 

31.4    i 

.872 

225 

1.080 

673 

6.00 

33.4 

.756 

200 

1.590 

560 

4.86 

36 

993 

ISO 

1.430 

526 

5.73 

28.5 

.760 

22s 

1.266    > 

772 

8.92 

29 

.696 

ISO 

1.026 

5g3 

5.73 

25 

553 

125 

1.68s 

386 

6.93 

32.4 

660 

ISO 

1. 134 

622 

6.00 

24 

657 

ISO 

.755 

5" 

5.83 

29 

553 

150 

.931 

420 

4.66 

36 

753 

125 

.870 

422 

6.00 

30 

738 

ISO 

.883 

467 

6.00 

32 

696 

125 

1.442 

436 

6.00 

29 

693 

150 

1.006 

561 

6.42 

27 

703 

150 

1.006 

561 

6.42 

27 

531 

125 

1.885 

325 

8.s8 

38 

522 

125 

.812 

370 

5.00 

34 

.556 

ISO 

.831 

501 

5.00 

30 

Sto 

150 

.831 

510 

5.00 

30 

577 

200 

.800 

655 

4.00 

30 

"^  On  th^  StrenjE^ih  of  MaUruUs;  edition  of  1845. 
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RULES  FOR  THE  STRENGTH  AND   DEFLECTION 

OF  TIMBER. 

The  results  of  Mr.  Laslett's  experiments,  tables  Nos.  171  and  172,  tfanv 
some  light  on  the  relations  of  the  tensile,  compressive,  and  transvcne 
strength  of  timber.     Employing  formula  (  2  ),  page  507,  namely, 


s  = 


W/ 


1.155  ^^'' 


(I) 


to  calculate  the  direct  tensile  strength  of  the  specimens,  the  results  may  be 
classified  as  follows : — 

Calculated  Tensile  Strength  within  5  per  cent,  of  the  Experimentd 

Strength, 


Six  Hard  Woods. 


English  Oak  (mean) 

Iron  Wood 

Chow 

Iron  Bark 

Blue  Gum 

Canadian  Ash 


Averages  (hard  woods) . . . 


Transvene 
Breaking 
Weight. 


lbs. 
687 

1,273 
975 

1,407 
712 

638 


949 


TensUe 

Strength. 

calcumed. 


tons. 
2.392 
4.428 

3.392 
4.000 

2.477 
2.219 


3.151 


Tensile 

Strengdi, 

experimentid. 

cjipeiiiiitittl 

tons. 
2.546 

4-3" 
3214 
3740 
2.700 

2.453 

3.337 
s.208 

5.621 

4.601 

3.078 

2453 

3.161 

3.61  s 

Calculated  Tensile  Strength  much  greater  than  Experimental  Strength, 

Eight  Hard  Woods. — Baltimore  oak,  African  teak,  Moulmein  teak, 
greenheart,  sabicu,  average  of  American  mahoganies,  Eucalyptus  mahogany, 
English  ash : — 

Averages,  967  3.354  2.120  3.493 

Nine  Soft  Woods. — Dantzic  fir,  Riga  fir,  spruce  fir,  larch,  cedar,  m 
pine,  yellow  pine,  pitch  pine,  Kauri  pine : — 

683  2.375  1-597  2.486 

Calculated  Tensile  Strength  much  less  tlian  Experinunial  Strength, 

Six  Hard  Woods. — French  oak,  Dantzic  oak,  American  white  oal 
Eucalyptus  Tewart,  English  elm,  Rock  elm : — 

750  2.607  3.295  3.365 

Averages  of  tlie  Tkventy  Hard  Woods  preceding: — 

896     3.069     2.785     3.490 

Averages  of  the  Nine  Soft  Woods  preceding : — 

683  2.375  1.597 

Averages  of  Twenty-nine  Woods^  Hard  and  Soft: — 

830  2.853  2.416 


2.486 


3.168 
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This  analysis  shows  that  for  only  six  out  of  twen^-nine  woods  does  the 
fonnula  (  r  )  give  the  experimental  tensile  strength  in  terms  of  the  trans- 
voK  strength;  and  these  are  all  hard  woods.  For  the  remainder  of  the 
■oods,  comprising  the  soft  woods,  the  formula  ( i )  shows  a  tensile  strength 
niyiiig  extremely,  both  by  excess  and  by  deficiency,  from  the  experimental 
■Bength;  and  for  all  the  soft  woods  the  calculated  tensile  strength  is  lar  in 
excess  of  the  experimental  tensile  strength.  In  every  instance  the  experi- 
BKDtal  compressive  strength  is  greater  than  the  experimental  tensile  strength 
—for  the  soft  woods  much  greater; — and  the  calculated  tensile  strength 
occpting  for  six  hard  woods,  lies  between  these  values.  It  is,  iherefore,  to 
be  inferred  that  the  transverse  strength  is  a  function  of  the  compressive 
strength  as  well  as  of  the  tensile  strength;  and  that  it  would  be  safe  to 
olculate  the  transverse  strength  in  terms  of  the  mean  of  the  tensile  and 
compressive  strengths,  supposing  that  these  values  can  be  truly  averaged 
fa  laige  scantlings. 

Calculating  hkewise  the  tensile  strength  of  the  pieces  of  soft  woods 
tested  for  transverse  strength  by  Mr.  Fincham,  table  No.  173,  page  543, 
thev  are  as  follows: — 

''  Calciilusl 

Ttnjik  Sirenph. 

Softwoods,  six  specimens,  green,  top 2.358  tons. 

Do.  do.  green,  butt 2-573    " 

Do.  do.  dry,  top 2-095    » 

Da  do.  dry,  butt 2.024    » 

Da  do  very  dry 2,403    „ 

Average, z.zgo    „ 

Average  from  Mr.  Laslett's  experiments  on  soft  woods,  2.375    » 

Aowing  a  fair  accord  between  the  two  calculated  tensile  strengths;  though 
Mr.  Fincham's  3-inch  square  specimens  give  a  lower  value  than  Mr.  Laslett's 
t.mch  square  specimens. 

Calculated  Tensile  Strength  of  Timber  of  Large  Scantling. 

Selecting  the  experimental  results  for  the  transverse  strength  of  beams 
<f  larger  scantling,  from  six  inches  square  upwards,  the  calculated  tensile 
Srengths,  by  formula  ( 1 ),  averaged  for  each  set  of  specimens,  are  as 
fallows  :— 

Ciilculatcd 

Maclure,  last  3 pieces,  table  No.  174,  page  543,  Metnelfir i.gjotons. 

Smith,  2     „  „        175,    „     544,    Do.     „  1.334    „ 

Smitb,  2     „  „        175,    »     544,  Baltic    „  1.400    „ 

Oievandier,  4     „  „        176,    „     545,Vosges  „ 1^83    „ 

Average  for  Fir, i.S43    » 

E.  Clark,       3  pieces,  table  No.  175,  page  544,  Red  pine. [.240 tons. 

Sahb,  2     „  „        175,    „     S44,     Do.      1.163    » 

Average  for  Red  Pine 1.202    „ 

Sauth,  4  pieces,  table  No.  175,  page  544,  Quebec  yellow  pine  1.200  tons. 

Smith,  2      „  „        I7S,    „     544,  Pitch  pine 1,834    „ 

Bdar,  2     „  —      „     544,  English  oak 1.416    „ 

Cbenuidkr,  s     „  „       176,    „    545,  Vosges  oak \.%'j    „ 
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Formulas  for  the  Transverse  Strength  of  Timber  or        ' 

Large  Scantling. 

Adopting  the  foregoing  data  as  the  proper  values  of  j,  the  tensile  strattki, 
in  tons  per  square  inch,  in  the  general  formula  (  i ),  page  507,  as  appbei,' 
to  find  the  breaking  weight  of  timber  beams  of  consider^le  scantlii^te 
numerical  constant,  1. 155  x,  for  each  is  obtained: — 

Ultimate  Transverse  Strength  of  Timber  of  Large  Scantlings  loaded  ot 

the  middle. 

Fir W  =  hl^  (2) 

Red  pine W=''39^^'  (3) 

Quebec  yeUow  pine W=''39^^'  (4) 

Pitch  pine W  =  ?iil^-   (S) 

English  oak w=l^^^-  (6) 

French  oak ^^2.24^//'  ^^^ 

W  =  the  breaking  weight,  in  tons;  d  the  breadth,  d  the  depth,  and  /tJ 
span,  all  in  inches. 

For  other  timbers,  in  the  absence  of  direct  experimental  data,  foraiul 
may  be  deduced  for  transverse  strength  by  substituting  for  s,  in  the  gena 
formula,  the  mean  of  the  tensile  and  crushing  resistances  of  a  given  woe 
reduced  in  the  proportion  by  which  the  strength  of  large  scantlings  is  1( 
than  that  of  small  scantlings;  which  may  be  taken  at  two-thirds. 

Meantime,  Mr.  Laslett's  data,  table  No.  171,  may  be  utilized  by  fixi 
the  value  of  the  coefficient,  1.155  x,  directly  from  the  transverse  breaki 
weights  of  the  timbers,  taken  at  two-thirds  of  the  observed  values.  Inv< 
ing  the  general  formula  ( i ),  page  507, 

-55-^^; (8) 

By  means  of  this  formula,  the  values  of  the  numerical  coefficients  to 
substituted  for  the  coefficient  in  any  of  the  formulas  (  2  )  to  (  7  ),  for 
ultimate  transverse  strength  of  other  timbers,  are  found  to  be  as  follow; 
table  No.  179: — 

Formulas  for  the  Transverse  Deflection  of  Timber  Beams 

OF  uniform  Rectangular  Section. 

I'he  deflection  of  beams  of  small  scantling  may  aid  as  a  basis  for  ca 
lating  the  deflection  of  large  beams,  by  means  of  the  general  formula  ( 
page  529,  in  which  the  value  of  E,  the  coefficient  of  elasticity,  may 
calculated  from  the  various  data  already  given  for  such  timber  by  mean 
the  inverted  general  formula  (  8  ),  preceding. 
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[79. — ^Values  of  1.155  x,  Numerical  Coefficient  for  the 
VERSE  Strength  of  Timber  Beams;  to  be  used  in  any  of 
ORMULAS  (  2  )  TO  (  7  ),  page  550.  (From  Mr.  Laslett's  data,) 


tioo  of  Timber. 


sh  (average) 
:h 

in 

nian 

tic 

sh 

ican  White.. 

nore 

in  (or  teak)., 
teak. 

,  Burmah.... 

leo 

,  Guiana 

ba 

Spanish 

Honduras.. 

Mexican... 
stralia 

do 


Values  of 
1.155*. 


1.63 
2.41 
2.28 
2.08 
2.08 
1.30 

1-54 

2.21 
1.99 

3.05 
2.51 

2.32 
3.50 

2.68 

3.67 
3.56 

2.35 
2.21 

2.15 

2.83 

1.89 


Description  of  Timber. 


Iron  Bark,  Australia 

Blue  Gum,       do 

English  ash 

Canadian  ash 

Beech  (estimated) 

English  elm 

Rock  elm,  Canada 

Hornbeam,  England 

Dantzic  fir 

Riga  fir 

Spruce  fir 

Larch,  Russia 

Cedar,  Cuba 

Red  pine,  Canada 

Yellow  pine,  Canada , 

Do.  do 

Do.  do 

Pitch  pine,  American , 

Do.  do , 

Do.  do 

Kauri  pine,  New  Zealand... 


Values  of 
I.X5S  *' 


3.87 
1.96 

2.37 
2.30 
2.40 
1.08 

2.53 

2.53 
2.41 

1.65 

1.84 

1.62 

1.80 

I.7I 

1.33 
.84 

2.88 
2.56 
2.05 
1.98 


f  Deflection  of  Rectangular  Timber  Beams  of  uniform  section: — 


D  = 


W/' 


4.62  Y.Y.bd^ 


(9) 


•ction,  /  the  span,  b  the  breadth,  and  d  the  depth,  all  in  inches; 

at  the  middle  in  tons,  E  the  coefficient  of  elasticity. 

s  of  E  and  4.62  E  are  given  in  the  annexed  table  No.  180.^ 

Shearing  Strength  of  Timber. 

lails,  firmly  held,  of  from  i  inch  to  i^  inches  in  diameter, 
by  Mr.  Parsons  to  have  a  shearing  strength  of  about  2  tons  per 
of  section.  For  the  development  of  so  much  resistance,  Pro- 
ine  deduces  that  the  planks  connected  by  the  treenails  should 
ness  of  at  least  three  times  their  diameter.  Treenails  of  ij^ 
inch  planks,  bore  only  1.43  tons  per  square  inch;  and  in  6-inch 
tons. 


•e  be  stated,  that,  whilst  the  value  of  E  possesses  importance  as  an  element 
theory  of  deflection,  it  is  not  necessary,  for  the  purposes  of  calculation  for 
of  beams,  that  the  value  of  E  should  be  exactly  ascertained,  since,  in  its 
1  the  formula  for  deflection,  it  is  merged  in  the  compound  coefficient  4.62  £, 
hich  can  be  determined,  independently,  from  practical  data. 
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Table  Na  i8o. — Values  of  E  and  4.6a  E  in  Formula  (9},  pacisji, 

FOR  THE  TrANSVERSK   DEFLECTION   OF  TIMBER   BeAHS. 


Docriplwn  of  Tunber. 


English  oak 

French  do 

Tuscan  do. 

Sirdiniuido. 

DBntiiedo 

Aincrican  white  do. 

Bitllimore  do 

Canadian  do 

Adriatic  do 

African  do.  (or  teak) 
Moulmeiii  lesk 


lion  wood 

Chow 

Greenheart 

Spanish  mahoganj',. 

Honduras  do 

Mexican  do 

I  Iron  Barii!!!!!!!"!!!! 
'  Hlue  Uum 

English  ash 

Canadian  do.  

Beech 


,  Rock-elm 

j  Mcmel  fir 

I  Dantzic  do 

I  Riga  do 

I  Spruce  da 

New  England  da . . 
]  Scotch  do 


Pilch  do 

Vcllow  do.  .. 


94S      437S 


F^358 

E,C.  460 
S.474 
F.464 
S.  ^90 
F.  410 
S.  53° 
F.  S04 
F.  616 


'  E.  C— E,  Claik;  S.,— G.  G.  Smith;  F.,— Fincham. 
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STRENGTH    OF   CAST    IRON. 

Tensile  Strength  and  Compressive  Strength. 

:,  Hodglcinson's  experiments  and  investigations  form  the  basis  of  most 

lat  is  known  on  the  strength  of  cast  iron.     To  ascertain  the  relative 

jth  of  cast  iron  according  to  the  form  of  the  cross  section,  he  tested 

uens  of  cruciform,  rectangular,  and  circular  sections — the  first  melting 

c  pigs.     The  area 

ich  section,  Figs. 

1 85,  and  186,  was 

led     to    be    four 

e   inches,  but  the 

igs  were  accurately 

ired,  and  the  exact 

>r  each  was  ascer- 

1.     The  following 

the  average  breaking  weights 

for  the  different  sections : — 


Smusiu  far  Cut  Inn 


r  absolute  tensile  strengths  per  square 


T,     1-      ■        M  (Cruciform 6.784  tons. 

Bowhng  iron.  No.  2 {  Rectaiigular e.lej     „ 

Brymbo  iron.  No.  3 I  Cruciform 6.661     „ 

^  1  Rectangular 6.115     » 

_,  ■         1.T  I  Cruciform 6.ac-i     „ 

BUtnavon  iron.  No.  2 {  Circular 6.614    .. 

Total  average 6450    •■ 

Q  these  results  it  appears,  that,  taking  the  strength  of  the  cruciform 
on  as  I,  the  strengths  of  the  other  sections  were  relatively  as  follows : — 


Bowling  iron,  No.  a,.. 
Brymbo  iron.  No.  3,.. 
Blaenavon  iron,  No.  2 


.934  rectangular. 
.918  rectangular. 
1.054  circular. 


The  section  of  the  specimens  tested  by  Mr.   Hodgkinson 

for  tensile  strength  was  cruciform,  and  the  specimens  were 

of  the  form  Fig.  187;  having  a  uniform  section 

^^  for  one  foot  of  length.     For  compression,  they 

^^^^^^     "Cf^  cylindrical,  ^  inch  in  diameter,  and  were 

^^^^^B|     made  to  two  heights,   respectively  equal    to    i 

.^^^^^B     diameter  and  2  diameters,  and  they  were  placed 

^^|HK     for   testing  within    a  cylinder    under  a   loaded 

^^^^H     plug,  as  shown  in  Fig.   188.      He  tested   the 

^^^^^E     strength  of  16  denominations  of  cast  iron,  51 

specimens    of    which    were    tested    for    tension 

and  81   for  compression.     The  results  of  the 

tests    are    condensed    from    the    Commissiofur's 

Report  on   the  Application  of  Iron  to  Railway 

Structures,  in  table  No.  181. 
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Table  Na  i8i.— Tensile  and  Compress[ve  Strengths  of  Cast  tuv 
AND  Stirling's  Iron.                                    ■ 

(Mr.  HodEltiason.)                                                    1 

Imn. 

Mex. 

M 

Mran  Cornvmart 
Sinaclhpcr 

css^tsa.1 

Hcicht 

s™.ph. 

Lowmoor,  No.  i ... 
Lowmoor,  No.  2... 

7.074 

7-043 
7.0s  1 
7-093 
7.101 
7.041 
7.113 
7.051 
7.02s 
7.024 
7.071 
7.037 
6.989 
7.119 
7.034 
7.013 

lOM, 

S-667 
6.901 
7.198 
7-949 
10.477 
6.222 
7466 
6.380 
6.131 
6.820 
6,440 
6-923 
6.032 
6.478 
6.228 
59S9 

)1 
n 

Hi 

m 
n 

H 
•  X 

)C 
■  X 

28.809 
25.198 
4+430 

41.219 

S«l 

49,103 

4SS49 

gll 

4a562 
35-9^4 
52.502 
4i.7'7 
30.606 
30-594 
32.229 
33-92' 
44-723 
45.460 
33-390 

33.98S 
34.356 
33-987 
33028 
44.610 
42.660 
37.281 
35-ns 
34-430 
33-646 

IS 

6.438 

S-973 
5-759 
S-S03 
6.177 

tl 

6.519 
5.780 

7.032 
6.123 

4-797 

kl 

5.,86 
5.346 
4-909 

B 
113I 

5-778 
5-646 

.:6«S 
l:Sij, 
';5-9S3 
.:«.! 
.:6-,4) 
1:6.577 

i:!-3!l 
1  : 6-6.1 
.:S-.i6 
.:.«* 
I  :  S-)5S 
1  : 6-7IS 
liS-l.i 
.  :  5-711 

Clyde,  No.  3 

Blaenavon,  No.  i... 

Blaenavon,  No.  2, 
ist  sample 

Blaenavon,  No.  2, 
2d  sample 

Calder,  No.  1 

Coltness,  No.  3 

Brymbo,  No.  1 

Brymbo,  No.  3 

Bowling,  No.  2 

Ystalifcra  anthra- 
cite, No.  3 

,  Yniscedwyn     an- 
thracite, No.  1.. 

Yniscedwyn     an- 
thracite. No.  2.. 

.Averages  of  cast  j 

7-05S 

6.830 

38-525 

1  :  S-611 

.Stirling's  iron,  2d  \ 
quality ) 

Stirling's  iron,  3d  ) 
quality j 

7.165 

7.108 

11.502 

10.474 

55-952 
53-329 
70.827 
57.980 

■ 

4-S65 

S-S36 

1:4.751 
1  : 6-149 

Average  of  Stir- 1 
ling's  ir^n } 

7136 

10.988  ■ 

59.52a 

1  :  5-417 
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It  appeals  from  the  table  that  the  tensile  strength  of  cast  iron  varied 

5.667  to  10.477  tons,  and  averaged  6.830  tons  per  square  inch. 
That  the  compressive  strength  varied  from  25.198  tons  to  52.502  tons, 

38.525  tons  per  square  inch. 
That  the  compressive  strength  was  from  4.518  to  6.735  times  the  tensile 

i;  average  ratio  of  tensile  to  compressive  strength,  i  to  5.641. 
That  the  specific  gravity  varied  from  6.989  to  7. 113,  and  averaged  7.055, 
'  that,  generally,  the  strength  increased  with  the  specific  gravity,  though 

were  many  exceptions  to  such  relation. 
That  the  tensile  strength  of  Stirling's  metal  (a  mixture  of  cast  and  wrought 
1)  averaged  10.988  tons  per  square  inch,  and  the  compressive  strength 
.522  tons  per  square  inch;  ratio,  i  to  5.417. 
*rhe  average  compressive  resistances  of  the  pieces  one  and  t^vo  diameters 

were  respectively  as  100  to  95.6. 
Dr.  Anderson  tested,  at  Woolwich  Arsenal,  850  specimens  of  cast  iron. 
The  ultimate  tensile  strength  of  selected  specimens  varied  from  4.90  tons 
to  14.5  tons  per  square  inch,  averaging  9.45  tons,  and  of  all  the  850  speci- 
mens, from  4.20  tons  to  15.30  tons.  He  found  that  the  average  tensile 
Hrength  of  ordinary  irons  of  commerce  was  6  tons  per  square  inch.  It  is 
probable  that  the  higher  strengths  were  those  of  bars  of  2d  or  3d  meltings. 

Strength  as  Affected  by  the  Mass  of  Metal. 

Mr.  Hodgkinson,  comparing  the  tensile  strength  of  bars  of  cast  iron, 
I  inch,  2  inches,  and  3  inches  square,  found  that  the  relative  strengths  were 
approximately  as  100,  80,  77. 

Captain  James  found  that  the  tensile  strengths  of  i-inch,  2-inch,  and 
3-inch  bars  were  as  100,  66,  60;  and  that  the  tensile  strength  of  ^-inch 
bars  cut  out  of  2-inch  and  3-inch  bars  had  only  half  the  strength  of  the  bar 
cast  I  inch  square. 

The  ascertained  inferiority  in  strength  of  massive  castings  as  compared 
ysxth  thinner  castings  is  attributable  to  the  greater  proportion  of  surface  or 
•*skin"  on  the  thinner  castings.  It  is  known  that  the  skin  is  harder  and 
stronger  than  the  interior  of  a  casting.  Besides,  the  inferior  of  massive 
castings  becomes  more  spongy  in  texture  as  the  thickness  is  increased. 

Strength  of  Cast  Iron  as  Affected  by  Cold  Blast 

AND  Hot  Blast. 

Mr.  Hodgkinson  tested  several  cast  irons,  made  by  cold  blast  and  hot 
blast,  with  the  following  results,  table  No.  182;  showing  an  average 
tensile  strength,  of  all  irons,  7.36  tons  per  square  inch,  and  average 
compressive  strength,  47.0  tons;  ratio,  i  to  6. 11.  At  the  same  time,  it 
is  shown  that  the  hot-blast  irons  had  9.17  per  cent,  less  tensile  strength, 
but  that  they  had  3.39  per  cent,  more  compressive  strength,  than  the* 
cold-blast  irons. 

Mr.  Robert  Stephenson  concluded  from  experiments  of  more  recent 
date,  conducted  by  him,  that  the  average  strength  of  hot-blast  iron  was  not 
much  less  than  that  of  cold-blast  iron;  but  that  cold-blast  irons,  or  mixtures 
of  cold-blast  irons,  were  more  certain  and  regular,  and  that  mixtures  of  cold- 
blast  and  hot-blast  irons  were  better  than  either  separately  mixed. 
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Table  No.  182. — Strength  of  Cold-Blast  and  Hot-blast  Iioml  :. 

(Mr.  Hodgkinson.)  ^ 


Description  of  Iron. 


Carron  iron,  No.  2 

Carron  iron,  No.  3 

Devon  iron,  No.  3 

Buffery  iron,  No.  i 

Coed-Talon  iron,  No.  3 

Lowmoor  iron,  No.  3 

Total  averages 

Comparative  averages  of  cold  ) 
and  hot  blast I 


Tensile  Strength 
per  Square  Inch. 

CompcesslreSlWilft  ^ 
perSqoaicIadL      i 

Cold  Blast. 

HotBbst 

Cold  Blast 

HoiImJ 

tons. 

7.45 
6.43 

7.80 
8.42 
6.49 

tons. 
6.03 
7.84 
9.68 
6.00 

7.45 

tons. 

47.50 
51.50 

41.65 
36.50 

48.50    1 

59.50  J 
64.9 

38.50 
36.90 

7.32 

7.40 

44.30 

49-70 

7., 
7.52 

36 

6.83 

4: 
44.30 

r.o 
45-80 

Sir  William  Fairbaim,  writing  in  1870,  maintained  that  the  quality  of  im 
had  been  greatly  improved  since  the  introduction  of  the  hot  blast,  and  dyj 
nothing,  at  the  time  of  writing,  was  said  of  the  difference  between  hot-faU 
and  cold-blast  irons.  Dr.  Siemens,  on  the  same  occasion,  stated  that  th 
ironmasters  had  seen  the  advantage  of  raising  the  temperature  of  the  bltfl 
and  that,  in  using  the  Siemens-Cowper  r^enerative  hot-blast  stoves,  the  tea 
perature  had  been  raised  as  high  as  1400°  F.,  without  any  detehoratioo  I 
the  quality  of  the  metal  having  been  observed.^ 

Strength  of  Cast  Iron  Increased  by  Remelting. 

The  strength,  as  well  as  the  density,  of  cast  iron  are  increased  by  repeato 
remeltings.  The  increase  of  strength  and  density  appears  to  be  the  conse 
quence  of  the  gradual  abstraction  of  the  constituent  carbon  of  the  iron,  aw 
the  approximation  of  the  metal  in  composition  to  wrought  iron. 

Mr.  Bramwell  proved  the  increase  of  the  tensile  strength  of  Acadia 
cold-blast  iron  by  remelting  it  The  tensile  strengths  of  successive  sampk 
were  as  follows : — 

Acadian  Iron. 

Tensile  strengdi  p 
square  incL 
Sample  bars.  tons. 

ist  samples 7.5 

2d      do.     after  2  hours  longer  fusion 8.3 

3d      do.     after  i^       „          „           10.8 

4th     do.     rem elted,  with  fresh  pigs ii.o 

5th     do.     after  4  hours  longer  fusion 18.5 

Maximum  of  5th  samples 19.6 

*  Proceedings  of  the  Institution  of  Civil  Engineers^  **  R^nerative  Hot  Blast  Stof«| 
by  Mr.  E.  A.  Cowpcr,  vol.  xxx.  p.  321. 


STRENGTH  OF  CAST  IRON  INCREASED  BY  REMELTING.      $$7 


wmg  that  the  tensile  strength  was  increased  150  per  cent  by  8  hours  of 
tintted  fusion,  and  by  remelting.  The  compressive  strength  averaged 
times  the  tensile  str^igth.^ 

r  William  Fairbaim  tested  for  compressive  strength,  samples  of  Eglinton 
3  bot-blast  iron  of  from  i  to  18  meltings — the  resistance  was  doubled 
8  meltings;  but  the  maximum  resistance  was  attained  at  the  14th 
ng,  and  amounted  to  2.2  times  the  first  resistance.  The  following 
lie  results  of  these  tests: — 


Eglinton  No.  3 

Compresnve 
strength. 

tons. 


44.0 

43-6 
41. 1 
40.7 
41. 1 
41. 1 
40.9 
41. 1 
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Hot-Blast  Iron. 

Melting. 


Compressive 
strength. 

tons. 

10 57.7 

II 69.8 

12 73.1 

13 66.0  (defective) 

14 95-9 

15 76.7 

16 70.5 

18 88.0 


aelting,  or  continued  fusion,  of  cast  iron  is  practised  in  the  United 
The  pig  iron  generally  used  has,  in  the  state  of  pig,  a  tensile 
th  of  from  5  to  6j^  tons  per  square  inch.  When  melted,  it  is  kept 
me  time  in  a  state  of  fusion,  and  the  first  castings  have  a  tensile 
ch  of  about  9  tons  per  square  inch.  For  guns,  the  metal  is  melted 
or  four  times  in  an  air-furnace,  and  at  each  melting  is  retained  in 
for  from  one  to  three  hours  before  being  poured;  and,  according  to 
periments  of  Major  Wade,  the  strength  of  iron  so  treated  was  succes- 
increased.     The  following  are  some  of  the  results  obtained  by  Major 

American   Iron.  Tensile  Strength. 

tons  per  square  inch. 

gs 5  to  6J4 

t  melting 9.32 

1      do 11.06 

I      do 11.96 

li     do.      12.45 

aximum  strength  observed 20.5 

mples  from  100  gun-heads 14.9 

oof  bars  (in  other  trials) 16.23 

>  samples  from  a  Rodman  gun 15.3  to  19.8 

Do.        average 16.88 

lot  of  pig  iron,  in  the  crude  state 5.66 

guns  cast  from  this  pig  iron,  3d  melting i5«75 

specific  gravity  of  the  metal  was  increased  by  successive  meltings 
rodracted  fusion,  from  6.90,  in  some  instances,  to  7.40. 
t  compressive  strength  of  the  irons  tested  by  Major  Wade,  varied 
(7.7  tons  to  78  tons  per  square  inch.     The  specimens  were  }4  inch 

e  above  ptrtiailars  are  redaced  from  the  Proceedings  of  the  Institutum  of  Cml 
Y13L  zzii.  page  559. 
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in  diameter,  and   i}^  inches  high.     Some  of  the  mean  tesulls 

No.  I  cast  iron,  44.5  tons  61.5  toi 

Mixtures  of  Nos,  I,  a,  3,  69,4    „  74.6   „ 

It  may  be  inferred  that  the  ratio  of  tensile  to  compressive  strcn) 
American  irons  above  tested,  was  about  1  to  4. 

Elastic  Strength  of  Cast  Iron. 
Mr.  Hodgkinson  made  experiments  with  round  cast-iron  bu 
square  inch  sectional  area,  and  50  feet  long,  suspended  in  a  lofty 
to  find  the  extension  and  permanent  sets.     These  experiments  w 


Loadf  per   :igiutre   ineh- 


f^E'  i$»-— Diicnm  to  ihow  Rite  of  EiR 


n  uid  Set  or  iD-fect  tun  cX  a 


with  the  object  of  insuring  exceptional  accuracy  of  results.  Bui 
the  greater  number  of  Mr,  Hodgkinson's  experiments,  both  for 
and  for  compression,  were  made  with  bars  limited  to  10  feet 
I  inch  square.     The  resu\ts  cA  &e  obaetN^.'aD-cfi  -atv 
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lo  feet  bars,  are  plotted  in  Figs.  189  and  190,  in  which  the  base- 
resents  tiie  loads,  and  the  verticals  in  light  lines  are  the  observed 
compressions,  and  sets,  for  the  given  loads.  The  curves  a  c  and 
ced  through  the  ends  of  these  verticals,  and  the  vertical  black 
the  extensions  and  sets,  for  integral  tons  of  load. 


Load/  per  sgxiare  inctv. 

pwB  (o  ihow  Rate  oT  Comprusion  imd  Sec  of  lo-fect  bj 


.    Table  No.  184. 


ffing  table,  No.  183,  is  constructed  from  the  diagram  of  exten- 
t,  Fig.  189,  and  it  shows  the  mean  extension  and  set  for  given 
integral  tons  up  to  6^  tons  on  a  i-inch  square  bar  of  average 
;et  long. 

;  No.  184  is  likewise  constructed  from  the  diagram  of  compres- 
,  Fig.  190,  and  it  shows  the  mean  compression  and  set  for  given 
integral  tons  up  to  17  tons  on  a  i-inch  square  bar  of  average 


■ 

^^^^^^H 

^ 
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Table 

No.  183.— Mean    Reduced    Extension    and    Set    roR  ooA 

Stresses,  of  a  Bar  of  Cast  Iron  of  Average  Qualitt,  i  ^^t 

Square,  io  Feet  Long.                                                               1^ 

Deduced  from  dkgram,  Fig.  189,  page  558.                              ^ 

E™k«™. 

s„                 t 

T«>]  ExtCDii«.. 

Si««ss- 

cactTTai. 

Inl-cho. 

FHcdoo-fUngUl. 

lachToo. 

Toul  Sab 

Toul. 

Per  Ton  per 
Squutlnch 

loni 

Lnch«. 

iDChu. 

i>lia. 

l™B.h=,. 

inchH, 

iDcha. 

ntio. 

ma. 

I 

.0196 

.0196 

1 

'/612a 

.000163 

.00058 

.00058 

I 

iwj* 

.0418 

2-13 

'h»7- 

.000174 

.00139 

.00197 

3-4 

3 

.0138 

.0656 

3.3s 

'/.B„ 

.OOOI8J 

.00228 

.00125 

7.3 

IMIM 

,0276 

."931 

4.75 

'A=8, 

.000194 

.0032; 

.0075 

»3 

1 
6.5 

-OJOO 

.ijji 

6.29 

V«4 

.00463 

.01213 

ItOIOJ 

.0373 

.1610 
.181a 

8.31 

9-29 

■t 

.000257 

.00407 

-01933 
.0234 

33 
40 

;sa 

Table 

No.  184.— Mean   Redi;ced   Compression   and   Set   for  cit«| 

Si 

REssEs,  OF  a  Bar  of  Cast  Iron  of  Average  Quality,  1  IncuI 

s<: 

UARE,  10  Feet  Long.                                                                  ] 

Dc 

u«d  from  dill 

eram.  Fig.  190,  psgc  559-                                  1 

s„.                 1 

T-^Co-p™.. 

Rm 

FofMh 

l.I„=h«. 

FrutioD  of  Lmgih 

SS! 

ToulStt 

oTTouiSa 

TouL 

PerTonpcT 
Squire  Inch 

ton..    ! 

ixchei. 

I.ich«       win.     (mclion 

length  =1. 

incha. 

inchcv 

.uo. 

alio. 

,      1 

.0.        1     .             ./6™ 

.000167 

.000567 

.000567 

I 

II0  3S-) 

.0216 

.0416       3.0S 

'/.■«. 

.'^IJi 

.oo>98 

-OOISS 

i-s 

I  10  ij.t 

3 

.0224 

■064    I    3-» 

'Asjj 

8.2   itoij.7 

4 

.0S6        4-3 

'/.»! 

,002 JO 

12.2    It0l2.] 

5 

.iaS2    5.41 

'/..,., 

-ooo.So 

.D0261 

17       t  to  11-1 

6 

.0128 

.1310     6.S5 

./,.. 

.000182 

.00303 

.0126 

XX       1  w  104 

7 

■0134 

■'544      7-71 

■/,„ 

.000 r 84 

.003.5 

■01575 

28     iw^il 

S 

.0236 

.178        S.9 

■fel 

.000.8; 

.00355 

■0193 

34     11109-2, 

9 

,02JS 

,1018  1  10.09 

'/»; 

.000.8? 

.0040 

■0233 

4.       ltoi7 

.02J 

,224s    11.14 

'/SH 

.□ooiSS 

.0043 

.0:76 

48       noil 

.OJ36 

,1484    11.4a 

'Aaj 

.0043 

.0319 

56      I  10  7-! 

13 

.026 

.2744  I  13-72 

■/«, 

.000191 

.0375 

66    '  (  to  7-3 

'3 

.0258 

.3002  1  15.01 

■/.™ 

.000193 

.0077 

.0442 

78      I  106.1 

"4    1 

.0306 

.3308  1  16.54 
353      '7-^5 

■/,<j 

.0087 

.0529 

.a  i;;:Ji 

15 

■/«= 

.000196 

.0081 

.061 

16 

.04 

.393      19.65 

■/m 

.000205 

.0193 

.0803 

143     ;  1104-9 

■7 

O33 

.,... 

.000209 

.0060 

.0863 

152   1 1 10+9 

ll 

TRANSVERSE   STRENGTH    OF   CAST    IRON.  561 

It  is  clear  from  the  diagrams,  Figs.  189  and  190,  and  the  taMes  Xos.  183 
and  184,  that  both  the  extension  and  the  compression  of  cast  iron,  with  the 
respective  sets,  b^n  at  the  beginning  of  the  loading;  and,  stricdy  inter- 
preted according  to  the  definition  of  elasticity,  the  evidence  is  to  the  effect 
iBkmt  there  is  no  such  thing  as  perfect  elasticity  in  ordinary  cast  iron.  The 
fngircsaan  of  extension,  compression,  and  set,  moreover,  is  regular,  and  it 
m  gradually  accelerated  whilst  the  stress  is  increased  in  arithmetical  propor- 
tion. There  is  no  sudden  change  in  the  rate  of  progression  anywhere,  no 
•yielding  point"  for  cast  iron,  and  no  indication  of  a  permanent  elastic 
Smit  before  rupture  takes  place. 

In  this  respect  cast  iron  radically  differs  from  wrought  iron  and  steel,  for 
in  the  behaviour  of  these  metals  the  "yielding  point"  is  a  clearly  defined 
cbaxacteristic. 

Shearing  Strength  of  Cast  Iron. 

Professor  Rankine  statfes  that  the  shearing  strength  of  cast  iron  is  12.37 
tons  per  square  inch.  But  Mr.  Stoney  found  by  experiment  that  it  was 
from  8  to  9  tons  per  square  inch.  Both  of  these  data  may  be  correct :  it 
has  been  seen  that  cast  iron  varies  very  much  in  tensile  strength,  according 
to  the  character  of  the  specimens  operated  upon. 

It  is  very  probable  that  the  shearing  resistance  of  cast  iron  is,  by  reason 
of  its  comparative  incompressibility,  equal  to  its  direct  tensile  resistance. 

Malleable  Cast  Iron. 

The  tensile  strength  of  annealed  malleable  cast  iron  is  guaranteed  by 
manufacturers  to  25  tons  per  square  inch.  It  is  capable  of  supporting  10 
tons  per  square  inch,  tensile  strength,  without  permanent  distortion. 

Transverse  Strength  of  Cast  Iron. 

Cast-Iran  Bars  of  Rectangular  Stction. — Mr.  Barlow  found,  by  experi- 
ment, that  for  I -inch  square  bars  of  cast  iron,  the  breaking  weight  in  tons, 
applied  at  the  middle,  was  expressed  by  the  formula, 

W  =  ^'xi3.6, (  I  ) 

in  which  b^  the  breadth,  d  the  depth,  and  /  the  span,  are  in  inches.  Mr. 
Robert  Stephenson  arrived,  by  experiment,  at  exactly  the  same  coefficient. 
If  the  coefficient  be  taken  as  only  12,  the  breaking  weight  of  a  i-inch 
square  bar,  at  12  inches  span,  is,  by  the  formula,  just  i  ton;  and  if  the  span, 
/,  be  eiqpressed  in  feet,  the  formula  ( i ),  with  a  coefficient  of  12,  is  re- 
sohFed  into  the  form, 

W  =  *-f. (    2    ) 

If  cast-iron  bars  were  homogeneous,  and  of  uniform  density  for  all 
dimensions,  the  formulas  i  and  2  would  give  the  breaking  strengths  correctly 
\m  an  sizes  of  bars ;  but  so  great  is  the  diminution  of  strength  in  thicker 
caitii^Sy  due  to  the  comparatively  open  or  spongy  structure  of  cast  iron  in 
tfack  masses,  that  3-inch  square  bars,  relatively,  have  scarcely  two-thirds 
«f  the  transverse  strength  of  i-inch  bars,  and  the  proper  coefficient  for 
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formula  (i),  is  only  8.6,  as  applicable  to  3-inch  bars.  It  is  obvious  thatl 
constant  coefficient  can  be  employed,  even  in  iron  of  the  same  denood 
tion,  for  the  transverse  strength  of  cast-iron  bars,  when  the  thidmml 
various.  j 

To  apply  the  general  formula  (i),  page  507,  for  the  transverse  strap 
of  rectangular  bars  of  cast  iron,  in  terms  of  the  tensile  strength;  namdf, 

w=i.i55-7-; • ( 3 ) 

in  which  b,  //,  and  /  are  in  inches,  s,  the  tensile  strength,  in  tons  per  squ 
inch,  and  W,  the  breaking  weight,  in  tons  at  the  middle;  the  mean  tens 
strength  of  i-inch  square  bars  of  ten  different  irons  was  found  by  ll 
Hodgkinson  to  be  16,502  lbs.,  or  7.36  tons,  and  their  transverse  streng 
at  54  inches  of  span,  was  464  lbs.  By  the  formula  (3),  taking  the  fort 
in  pounds,  the  transverse  strength  is, 

or  seven-ninths  of  the  actual  strength.  The  excess  of  actual  strength,  31  ] 
cent.,  results  from  the  distribution  of  the  stronger  portion  of  the  section 
the  bar  at  the  outside, — the  skin,  in  fact, — ^where  its  moment,  or  poi 
of  resistance,  is,  by  reason  of  the  leverage  of  the  resistance,  much  m* 
effective  than  that  of  the  interior  and  weaker  portions.  By  such  tubi 
distribution,  a  greater  total  strength  transversely  is  exerted  than  wo 
have  been  exerted  if  the  material  had  been  of  uniform  tensile  stren 
throughout  the  section,  as  was  assumed  in  the  construction  of  the  formi 
In  bars  of  greater  section,  the  influence  of  the  skin  on  the  strengtl: 
comparatively  less.  Accordingly,  in  the  following  examples  selected 
comparison,  from  data  supplied  by  Mr.  Edwin  Clark,  the  excess  of  stren 
diminishes  generally  as  the  scantling  of  the  specimen  is  increased, 
tensile  strength  of  7  tons  per  square  inch  is  assumed  in  the  calculation  of 
strength,  by  the  formula  (3) — 

Bars.  Transverse  Strength. 


Width. 

Depth. 

Span. 

Calculated. 

Actual. 

Excess,  Actu 

H 

I  inch 

X  I  inch 

X 

4.5    feet. 

.158  ton. 

.252  ton, 

60  per  cei: 

(2.) 

I    „ 

^  3    ,, 

X 

18 

.337     „ 

.429    „ 

27       » 

(3.) 
(4.) 

3    „ 

X    I      „ 

X 

2.25    „ 

.898     „ 

1.376    „ 

53         n 

2    „ 

X  2    „ 

X 

13.5      » 

.399     », 

.475     jy 

19       »> 

(5.) 

2    „ 

X  3    „ 

X 

9 

1.347     » 

1.800    „ 

35         yy 

(6.) 

3    » 

X  2     „ 

X 

4.5      „ 

1.800    „ 

2.410    „ 

34       w 

(7.) 

3    „ 

^  3     » 

X 

13.5      „ 

1.347     » 

1.436    „ 

6.5  „ 

The  I -inch  square  bar  has  60  per  cent,  excess  of  strength.  The  2d 
has  only  i  inch  of  bottom  skin  for  three  times  the  depth  of  the  ist,  an^ 
has  only  27  per  cent,  excess.  The  3d  bar,  of  the  same  section  as 
2d,  was  tried  on  its  side,  and  has  three  times  as  much  bottom  skin  as 
2d;  and  so  has  nearly  double  the  excess  of  the  2d,  but  not  so  mud 
that  of  the  ist,  which  has  comparatively  more  side  skin.  The  4th 
2  inches  square,  has  less  skin  in  proportion  to  its  bulk,  and  has  only  19 
cent,  excess  of  strength;  whilst  the  5th  bar,  of  the  same  thickness, 
deeper,  has  a  greater  excess,  for  its  bottom  skin  has  more  leverage. 
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tk  bar  has  the  same  section  as  the  5th,  but  is  tested  on  its  side,  and  has 
te  same  excess  of  strength;  whilst  the  7th  bar,  3  inches  square,  has  only 
}i  per  cent  excess  of  strength  above  that  calculated  for  it  by  formula  (3). 
he  strength  of  the  7th  bar  is,  on  the  contrary,  34  per  cent  less  than  what 
Bold  be  calculated  for  it  by  the  formula  (i). 

Diminishing  differences  with  increasing  sections,  are  also  exemplified 
r  experimental  observations  of  Mr.  Hodgkinson,  selected  from  one  of  his 
bles,^  with  bars  of  Carron  No.  2,  averaged  for  hot  and  cold  blast,  of  three 
ECS,  comprising  two  or  more  bars  of  each  size.     The  sizes  are  here  given 

nmnd  numbers: — 

Bass.  Transverse  Strength. 

Width.  Depth.  Span.  Calculated.  Actual.  Excess. 

(i.)     I  inch  X  I  inch  x  54  inches,        .158  ton,       .219  ton,      40  per  cent 

W     I    w      ^  3    »     ^  54        »         1.381    »        ^'73^  w         26       „ 
(3.)     I    „      X  4    „     X  54         „         3.794    „        4.600   „         21       „ 

For  the  calculation  of  the  transverse  strength  of  cast-iron  bars  of  rectan- 
ilar  sections,  and  of  the  larger  scantlings,  even  of  the  commonest  quality, 
■mula  (3)  may,  it  appears,  be  safely  employed,  allowing  a  wide  margin, 
idi  a  minimum  factor  of  7  tons  per  square  inch  tensile  strength.  This 
ties  a  numerical  coefficient  of  (1.155  x  7  = )  8.08;  say,  8,  in  formula  (  3  ). 

Iwuptrse  Strength  of  Rectangular  Bars  of  ordinary  Cast  Iron,  of  the  first 
melting.     Tensile  strength,  7  tons  per  square  inch: — 

Loaded  at  the  middle,  W  =  ^A£!; (  4  ) 

Loaded  at  one  end,   W=^       ; (  5  ) 

Round  Cast-Iron  Bars,, — The  strength  of  round  cast-iron  bars,  taking  a 
aisile  strength  of  7  tons,  is  found  from  the  general  formula  (15),  page  510; 
I  which  .7854  X  J  =  .7854  X  7  =  5.50. 

Transverse  Strength  of  Round  Bars  of  ordinary  Cast  Iron: — 

Loaded  at  the  middle,  W=5i5J^'.  (  5  ) 

Loaded  at  one  end,   W=  ^'^/S — .  (  y  ) 

which  b,  d,  and  /  are  in  inches,  and  W  is  the  breaking  weight  in  tons. 
1th  tensile  strengths  greater  than  7  tons,  the  constants  to  be  used  in  these 
miulas  are  as  follows : — 

Tensile  strength  per  Constant  in  Constant  in  Constant  in  Constant  in 

square  inch.  formula  (4).  formula  (5).  formula  (6).  formula  (7). 

8  tons,  9.2  2.3  6.3  1.6 

9  „      10.4  2.6  7.1  1.8 

10  „      II. 5  2.9  7.9  2.0 

11  „      12.7  3.2  8.6  2.2 

12  „      13.8  3-4  9-4  2-4 

*  On  the  Strength  and  Properties  of  Cast  Iron,  1846,  pp.  398,  399. 
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Test  Bctrs. — It  is  usual,  in  specifications  for  cast-iron  work,  to  reqmrc 
that  sample  bars  of  cast  iron,  say  i  inch  thick,  2  inches  deep,  and  on 
bearings  36  inches  apart,  shall  support  a  given  weight  applied  at  thecentie 
Ten  years  ago,  a  weight  of  25  cwt  was  considered  sufficient  as  a  test  loid; 
but  the  load  has  since  been  increased  to  28  cwt  and  30  cwt  This  is  not 
very  severe,  for,  by  formula  (i),  based  on  the  strength  of  i-inch  sqoire 
bars,  the  modem  test-bar,  of  ordinary  iron,  should  support  27.2  cwt  bdoK 
breaking. 

Transverse  Deflection  and  Elastic  Strength  of  Cast  Irok. 

Cast-Iron  Rectangular  Bars, — Mr.  Hodgkinson  gives  particulars  of  the 
deflection  of  rectangular  bars  under  various  loads.  The  deflections  under 
medium  loads  are  here  averaged  as  follows;  and  the  coefficients  of  elas- 
ticity E,  are  calculated  by  means  of  the  formula  (  8  ),  page  530 : — 

Span.  Load.     Deplbctiom.      E- 

inches.  tons.  indtes. 

Average  of  8  bars,  i  inch  square, 54         .100        .561       6076 

I  bar,  I  inch  x  3  inches  deep,  54        1.066        .216       6230 
I  bar,  I  inch  x  5  inches  deep,  54        3.348        .153       5966 

Average  value  of  coefficient  of  elasticity 6090 

This  value  of  E  agrees  with  tliat  which  was  found  for  direct  tensile  strength, 
table  No.  183,  page  560,  and  the  resulting  numerical  coefficient,  4.62  E=    1 
4.62  X  6090  =  28,136,  say  28,000;  which  may  be  substituted  for  4.62  E  in    1 
the  formula  (  8 ),  page  530,  to  give  the  deflection  of  cast-iron  bars,  wthin 
ordinary  elastic  limits,  thus : — 

Deflection  of  Cast-Iron  Rectangular  Bars  of  Uniform  Section, 

W/3 

Loaded  at  the  middle,  D  =    ^         ,   ,    (8) 

28,000  ^//3  ^    ' 

Loaded  at  one  end, ...  D  =  -- -— —   (g) 

875  ^//3  vv/ 

D  =  the  deflection,  b  =  the  breadth,  //=  the  depth,  /=  the  span,  all  in  inches; 
W  =  the  load  in  tons. 

Cast-Iron  Round  Bars. — For  round  bars  of  uniform  diameter,  substitute 
the  above-found  average  value  of  E,  in  the  general  formula  (  26 ),  page  533- 
Then,  3. 1416  x  E  =  3,1416  x  6090  =  19,132,  say  19,000. 

Deflection  of  Cast-Iron  Round  Bars, 

Loaded  at  the  middle,  D=  -  ,   (10) 

19,000  d^ 

Loaded  at  one  end,...  D  = ; — (  11 ) 
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Torsional  Strength  of  Cast  Iron. 

The  only  direct  experiments  recorded,  worth  notice,  on  the  torsional 
ibtance  of  cast-iron,  are  those  of  Mr.  Dunlop  at  Qasgow,  in  1819.^ 
ley  were  made  to  ascertain  the  torsional  strength  of  shafts  as  usually  cast 
Glasgow  at  the  time.  Two  old  bars  of  cast  iron,  about  5  feet  long  each, 
e  of  them  3  inches  and  the  other  4  inches  square,  were  turned  down  in 
e  lathe  at  five  different  places,  to  ten  different  diameters,  of  from  2  to  4}^ 
ches.  The  load  was  applied  at  the  end  of  a  lever  14  feet  2  inches  long, 
irticulars  of  the  experiments  are  given  in  table  No.  185 ;  the  values  of  X, 
e  shearing  resistance,  calculated  by  the  general  formula  ( 3 ),  page  535, 
e  added 

Table  No.  185. — Torsional  Strength  of  Cast  Iron.     1819. 

(Reduced  from  Mr.  Dunlop's  data. ) 


IXameten. 

Cubes 
of  Diameters. 

Ratio  of 
the  Cubes. 

Breaking 
Weight. 

Ratio  of 

the  Breaking 

Weighu. 

Shearing  Stress 
per  square  inch. 

inches. 

tons. 

tons. 

2 

8 

I 

.1116 

1 

8.530 

iX 

1 1.4 

1.4 

.1714 

'•5 

9.201 

2H 

15.6 

2.0 

.182 

1.6 

7.123 

2)i 

20.8 

2.6 

.3>2 

2.8 

8.761 

3 

Failed 

— 

1 

3X 

34.3 

4.3 

.522 

4.7 

9.299 

3}i 

42.9 

54 

.554 

5.0 

7.902 

3^ 

52.7 

6.6 

.742 

6.6 

8.604 

4 

64 

8.0 

.865 

7-7 

8.265 

4H 

76.8 
Average 

9.6 

•963 

8.6 

7.691 

8.375 

1 

It  seems  that  the  ultimate  torsional  strength  increased  very  nearly  as  the 
iibe  of  the  diameter,  and  that  the  average  torsional  resistance  per  square 
Dch  of  section  was  8.375  tons.  Assuming,  as  explained  at  page  561, 
hat  the  shearing  resistance  of  cast  iron  is  equal  to  its  direct  tensile  resist- 
mce,  the  general  formulas  for  torsional  strength  (  i ),  page  534,  and  ( 6 ), 
Mge  536,  become,  by  substitution. 

For  cast-iron  round  shafts,  W  =  '^78  ^'^  =  -44-  (") 

R  3.0  R 


For  cast-iron  square  shafts,  W  = -'^^     "^  - 


R 


2.5  R 


(13) 


W  =  the  force,  in  tons. 
R  =  the  radius  of  the  force,  in  inches. 
WR  =  the  moment  of  the  force,  in  statical  inch-tons. 
</  =  the  diameter  of  the  round  shaft,  in  inches. 
^  =  the  side  of  the  square  shaft,  in  inches. 
s   =  the  ultimate  tensile  strength,  in  tons  per  square  inch. 


*  Annals  of  Philosophy^  voL  xiii.  1819. 
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If  the  tensile  strength,  j,  be  taken  at  7.2  tons,  for  iron  of  average  quality, 
then,  by  substitution  and  reduction: — 

Ultimate  Torsional  Strength  and  Sizes  of  Cast-Iron  Shafts  of  average  qualitj, 

2  d^ 


Round  shaft, W  = 


R 


(14) 


^  =  ^^  =  .79^WR    ...(15) 


2.88  b^ 


(16) 


Square  shaft, W  = 


Torsional  Deflection  of  Cast-Iron  Bars. 

In  the  absence  of  direct  data  for  the  torsional  deflection  of  cast-iron  ban, 
it  is  assumed  that  it  is  i  ^  times  that  of  wrought-iron  shafts — the  same  pro- 
portion as  that  of  the  transverse  deflections  of  cast-iron  and  wrought-iron 
shafts,  as  indicated  by  a  comparison  of  the  formulas  (8),  page  564,  and 
(5),  page  590.  Multiply,  therefore,  the  second  member  of  the  formula 
(14),  page  592,  by  i^;  the  coefficient  1070,  or  exactly  1073,  becomes 
(1073x3/5  =  )  644:— 


Torsional  Deflection  of  Round  Cast-Iron  Bars, 

WR/ 


D  = 


644^^ 


(18) 
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Tensile  Strength. 


Mr.  Telford  deduced  fix)m  his  experiments,  an  average  tensile  strength  of 
29.25  tons  per  square  inch  for  wrought-iron  bars. 

Mr.  Barlow  deduced  from  the  results  of  eight  bars  of  wrought  iron — 
Swedish,  Russian,  and  Welsh,  from  i^  inches  square  to  2  inches  in 
diameter — an  average  tensile  strength  of  25  tons  per  square  inch. 

Mr.  Barlow  also  deduced  from  experiments  on  bars  of  from  i  inch  in 
diameter  to  2  inches  square,  that  the  elastic  tensile  strength  of  good 
medium  wrought  iron  was  10  tons  per  square  inch;  and  that  the  extension 
was  at  the  rate  of  V«o.oooth  part  of  the  length  per  ton  per  square  inch; 
and  that,  therefore,  the  elasticity  was  fully  excited  when  the  bar  was 
stretched  '/,000th  part  of  its  length. 

Sir  William  Fairbaim  published,  in  1861,  results  of  experiments  on  the 
tensile  strength  of  wrought  iron,  which  are  rendered,  slightly  adapted,  in 
tables  Nos.  186  and  187 : — 


Table  No.  186. — Tensile  Strength  of  Wrought  Iron.     i86i. 


' 


(Sir  William  Fairbaim.) 


Dbscriftion  op  Iron. 


Lowmoor  iron  (specific  gravity  7.6885).... 

Lancashire  boiler  plates  (9  specimens). 

Staffordshire    iron   (two    ^-inch   plates') 

rivetted  together) ) 

Charcoal  bar  iron 

Best  best   Staffordshire  charcoal    plate ) 

(4  experiments) j 

Best  best  Staffordshire  plates  (4  experiments) 

Best  best  Staffordshire  plate 

Best  Staffordshire. 

Common  Staffordshire. 

Lowmoor  rivet  iron  (2  experiments) 

Staffordshire  rivet  iron. 

Staffordshire  rivet  iron 

Bar  of  the  same,  cold-rolled 

Staffordshire  bridge  iron. 

Yorkshire  bridge  iron. 


Mean  breaking 

Weight 
per  square  inch. 


With 
Fibre. 


tons. 
28.66 
21.82 


Across 
Fibre. 


tons. 

23.43 
20.10 


21.36 
28.40 
20.10 


22.30 
26.71 
27.36 
22.69 
26.80 
26.56 
26.65 

37.96 
21.25 
22.29 


18.49 

20.75 
24.47 

24-03 
23.58 


19.82 
19.62 


Ultimate 
Elongation. 


fraction  of  length. 

V23  and  V36 

Vs 
V«,  and  V« 

Vac  and  Va6 
Vx5  and  Vas 
V,3  and  Vaa 
Vao  and  Va3 

74 
74 

I. 

'As  and  Vjs 
V,s  and  Vrf 


X 
X 


\ 
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Table  No.  187.— Tensile  Strength  of  Iron  and  Steel  Plates  thw 

HAD    BEEN   SUBJECTED    TO    EXPERIMENT   WITH   ORDNANCE  AT  ShC» 
aORYNESS.       1861. 

(SlrWilliRm  F^rbum.] 

DucnimoN. 

TinciiNm  or  Platv,  tM  iHcan. 

Its 

X 

UHU. 

"S-!S 

23.21 

? 

X 

I.M 

^5-35 
23.66 
3463 

'>i 

3 

Iron. 

24-34 

14- T  7 

? 

a9-43 
26.47 

34.16 
22.30 
2S..6 

2411 
23.92 
33.73 

25.04 

'3-54 
34.6 

Thames  Co. 's.... 
Beale&Co-'s.... 

Averages    of     J 
plates    of    the  V 
same  thickness  ) 

34.26 

24.49 

"7-95 

33-87 

"tSS 

'3-59 

34.35 

- 

Average  speci-  ( 
fie  gravity  ...  ) 

- 

- 

- 

7.70 

7-7* 

7-72 

7.7« 

- 

Steeu 

Howell  &Co.'sl 
homogeneous  v 
metai ) 

Specific  gravity.., 

30.70 

3369 

30.91 

26.20 
7.8g 

27.04 
7.91 

i7.Si 
7-9' 

27.39    2).CS 
7.91      — 

Elon^tions  before  rupture  of  sptdmms,  in  part  of  the  ietipk 
{i}i  to  3  inches). 

Iron. 

6.3 

3-0 

4-0 

4.0 

fcrccnl. 
.7.6 
14.6 

19-3 

piiccst. 

30-5 

"5-3 
17.9 

32.0 
16.0 

pcrcoiL     pomt 
32.0       20.5 

26.5     .6.S 
33.3     iti 

Thames  Co 

Beale  &  Co 

A     aees 

4.6 

S8 

70 

17.2 

34.6 

25.6 

37-3 

Homogeneous  ) 
metai / 

'i<> 

,0.0 

20.8 

■9-3 

34-5 

29.S 

35.8 

- 

From  the  first  table,  No.  186,  it  appears  that  the  strength  of  iron  plati-s. 
in  the  direction  of  the  fibre,  varied  from  18.66  tons  for  Lowinoor  iron,  m 
20.10  tons  for    Staflbrdshire  charcoal-iron;    and  that  there  is  no  tensik 
strength  in  the  direction  of  the  fibre  so  low  as  zo  tons  per  square  inch. 
.Also,  that  the  averages  of  nine  irons  show,  for  the  breaking  weight. - 

With  the  fibre 23.68  tons  per  square  inch. 

Across  the  fibre si-59        »  >i 

Difference. 2,09  tons,  or  about  9  percenL 
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h)m  the  second  table,  No.  187,  it  appears  that  the  thicker  plates  have 
tensile  strength  than  the  thinner  plates;  whilst  the  elongation  before 
ore  is  greater;  thus: — 

5<  to  K  inch  thick, 
tons.  per  cent. 

on 25.57  elongation    5.8 

omogeneous  metal... 3 1.77  „         18.8 


i>^  to  3  inches  thick, 
tons.  per  cent. 

24.06  elongation  23.7 
27.03  „  27.3 


r  William  Fairbaim  tested  the  resistance  of  iron  plates  to  a  bulging 
s.  He  stretched  two  )^-inch  plates  and  t\vo  ^-inch  plates  over  a 
iron  frame  12  inches  square  inside,  as  in  Fig.  191,  and  subjected 
\  to  pressure  from  an  iron  bolt  3  inches  in  diameter,  with  a  hemispher- 
end,  which  was  applied  to  the  plate. 


191. — Specimen  Plate  to  resist  Bulging  Stress. 
Sir  W.  Fairbaim. 


Fig.  192. — Effects  of  Bulging  Stress. 
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he  ^-inch  plates  were  indented  }(  inch  and  j^  inch  respectively,  when 

commenced  to  fail  by  cracking  on  the  convex  side,  under  a  pressure 

.7  tons  applied  at  the  centre.     Under  7  tons  of  pressure  they  were 

ced  through. 

lie  ^-inch  plates  were  indented  .33  inch  when  they  commenced  to 

c,  under  a  pressure  of  9  tons;  and  they  were  cracked  through  under  a 

mre  of  17  tons.     See  Fig.  192. 

he  resistance  to  bulging  in  these  experiments  was  in  proportion  to  the 

mess  of  the  plates. 

5  test  the  effect  of  cold-rolling  on  iron  bars.  Sir  William  Fairbaim 

d  three  bars,  and  obtained  the  following  results : — 

Tensile  Strength 
per  square  inch. 

ack  bar  from  the  rolls 26.0  tons. 

„        turned  to  i  inch  in  diameter 27.1 

„        cold-rolled  to  i  inch  in  diameter  39.4 

ing  that  the  tensile  strength  was  increased  by  one-half;  but  that  the 
^tion  was  reduced  to  less  than  a  half. 

ith  respect  to  the  influence  of  temperature.  Sir  William  Fairbaim,  in 

,  found  that  the  strength  of  ordinary  Staffordshire  iron  plates,  either 

or  across  the  grain,  remained  the  same  for  temperatures  varying  from 

to  400**  F.    At  higher  temperatures  the  strength  declined,  until,  at  a  red 

it  fell  from  an  ordinary  average  of  20  tons  to  15^  tons  per  square  inch. 

r.  Thomas  Lloyd  tested  the  tensile  strength  of  Stsuffordshire  S.  C.  Crown 

i^  inches  in  diameter,  of  one  kind.     The  same  bars  were  broken 

times  in  succession,  and  the  successive  breaking  weights  were  for  the 

Tensile  Strength. 

I  St  Breakage  (10  trials) 23.94  tons  per  square  inch. 

2d         „        (10     „    ) 25.86 

3<i        »        (7      »    ) 27.06 

4th        „         (6      „    ) 


Elongation. 

20  per  cent 
22 
8 


» 


99 


» 


» 


29.20 
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showing  a  variation  in  the  same  bars  of  from  23.94  to  29.20  tons,  or 
per  cent,  of  the  maximum  tensile  strength. 

The  tensile  strength  of  i  ^-inch  round  Staffordshire  1>ars  of  various! 
was  found  by  Mr.  Lloyd  as  follows: — 

Breddnf  Wdgk. 

6  Bars,  10    feet  long 32.21  tons. 

6     Do.       3.5    „  „     Z2.12     „ 

6   Do.     3      „       „    32.35    ». 

6   Do.     2      „       „    32.00    „ 

6    Do.  10  inches  long 32.29    „ 

showing  that  the  strength  was  not  affected  by  the  length. 

Mr.  Edwin  Clark  found  the  average  tensile  strength  of  iron  per  squan 
inch  as  follows : — 

Staffordshire  boiler  plates,  yi  to  "/x6  inch  thick,  with  fibre,  19.6   torn 

Do         snecial  trials  i     "^^  ^^^'  '^-93    », 

uo.        special  tnais )  across  fibre,  16.82    „ 

Difference,  i$}i  per  cent,  less 3. 11    „ 

Best  scrap  rivet  iron,  ^  inch  diameter, 24.0      „ 

He  also  found  that  the  ultimate  resistance  to  compression  in  a  moo^ 
iron  bar  was  16  tons  per  square  inch,  at  which  pressure  the  metal  beg^Bt 
ooze  away.  Under  1 2  tons  per  square  inch,  the  set  was  so  great  diat  A 
form  began  to  change;  and  this  pressure  was  taken  as  the  average  ultimat 
resistance  to  compression  that  may  be  recognized  in  practice.  The  elasti 
limit  of  tensile  strength  was  also  taken  as  1 2  tons  per  inch ;  and  Mr.  Edwi 
Clark  concluded  thus: — 

"  It  is  very  nearly  true,  and  very  convenient  in  practice,  to  assume  bol 
the  extension  and  compression  to  take  place  at  the  rate  of  one  ten-thousandt 
(nr.Vin^)  ^^  ^^^  length  for  every  ton  of  direct  strain  per  square  inch  > 
section  " — agreeing  in  this  respect  with  Mr.  Barlow. 

Mr.   Edwin  Clark  found  that  the  resistance  of  ^-inch  rivet   iron 
shearing  was  as  follows : — 

Tons  per  Square  Indi 
of  Section. 

Resistance  by  single  shearing, 24.15 

Do.       by  double  shearing, 22.1 

Do.       in  two   fi-inch    plates  rivetted    together 

(one  section), 20.4 

Do.       in   three  fi-inch  plates  rivetted  together 

(two  sections), 22.3 

Tensile  strength, 24.0 

When  three  ^^-inch  plates  were  rivetted  together  with  a  ^-inch  riv< 
the  frictional  resistance  to  displacement  of  the  middle  plate,  the  ho 
through  which  was  larger  than  the  rivet,  was  from  6  to  8  tons. 
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TIRIMENTS  ON  THE  TeNSILE  STRENGTH  OF  WROUGHT  IrON  AND  StEEL. 

By  Mr.  Kirkaldy,  1858-61. 

Hr.  David  Kirkaldy  conducted,  for  Messrs.  Robert  Napier  &  Sons,  an 
ensive  series  of  trials  of  the  tensile  strength  of  iron  and  steel  bars  and 
tcs,  the  results  of  which  threw  much  light  on  the  properties  of  these 
tals.* 

rhc  specimens  of  bars  were  formed  with  a  head  at  each  end,  united  to 

body  of  the  bar  by  taper  necks,  to  receive  the  shackles,  as  shown  in 

L  193  and  194.     Screw  bolts  and  nuts  were  shackled  as  in  Fig.  195. 


o 


o 


VT 


i93>  >94*  X95.— Mr.  Kirkaldy's  Test  Speci- 
mens of  Ban. 


Figs.  196  to  199. — Mr.  Kirkaldy's  Test  Specimens 

of  Plates. 


dear  length  of  bar  was  about  7  inches.     The  plate  specimens  were 
led  as  in  Figs.  196  to  199,  the  ends  of  the  thinner  plates  being  forti- 

by  flitches  rivetted  on  both  sides.      The  increments  of  load  were 
ied  slowly  and  gradually. 

he  specimens  of  bar  iron  varied  from  f^  inch  to  i^  inch  in  diameter; 
they  were,  for  the  most  part,  from  ^  inch  to  i  inch  in  diameter.  There 
not  appear  to  exist  any  material  difference  of  strength  that  could  be 
ibed  to  difference  of  diameter. 


TensiU  Stretch  and  Elongation  of  Iron  Bars, 

he  average  ultimate  tensile  strengths  of  iron  bars,  and  their  total 
igations  or  stretching  when  fractured,  were  as  follows : — 


rbe  results  of  Mr.  Kirkaldy's  important  investigations  are  published  in  his  work, 
triments  on  Wrought  Iron  and  Steely — a  mine  of  experiment  and  research.  The  data 
e  text  are  reduced  from  this  work. 

is  right  to  explain  that  Mr.  Kirkaldy  expresses  the  resistance,  in  all  cases,  in  pounds; 
that  they  are,  in  the  text,  converted  into  tons.  For,  though  the  pound-unit  commends 
f  as  a  basic  unit  of  great  simplicity,  yet  engineers  are  accustomed  to  think  in  terms  of 
.  and  will  continue  to  do  so,  until  some  universal  decimal  system  is  adopted,  bv  which 
>rdinaT7  ton  may  be  superseded.  It  must  be  admitted  that  the  ton  of  2240  lbs.  is  a 
orons  unit,  and  that  the  New  York  ton  of  2000  lbs.  is  in  every  sense  superior  to  the 
Sritish  relic. 
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Tensile  stroigth  per 
tquareinch. 

Yorkshire  rolled  bars, 27.391005.  25.2percait 

Staffordshire      do 25.90    „  23.5  „ 

Lanarkshire       do 26.55    n  '9-4  » 

Rivet  iron,         do 26.00    „  2a5  „ 

Averages, 26.46    „  22.2  „ 

Hammered  scrap,  forged  down, 23.85    „  24.8  „ 

Bushelled  iron  (turnings),  forged  down,  24.95    „  16.8  „ 

Crank-shaft,  scrap  iron,  with  fibre,...  20.37    „  21.8  „ 

Do.             do.         across  fibre,     18.55    „  '2.5  „ 

Armour  plate,  across  fibre, 1 6.92    ^  9.0  „ 


Averages, 20.93    n  '7-o 


n 


The  lowest  tensile  strengths  of  the  better  kinds  were  not  more  d 
I  }^  ton  below  the  average  for  each  brand. 

Contraction  of  the  Sectional  Area  in  Fracture. 

The  reduction,  in  size,  of  a  piece  subjected  to  tensile  strain  is  practic 
uniform  throughout  the  portion  that  is  strained,  except  near  to  the  {n 

of   rupture,    where 

— |--—    ,  ,.  n  ,,,  -^-      piece    is    locally  m 

jc        M  ^<^  iT    j  x        more  contracted  in  s 

. — \...\.x rn.". I T^       as  illustrated  by  Fig.  3 

W- ej y  which  shows  the  coot 

.     re    '      r.  ^0°  of  a  i4nch  10 

r,g.  »oo.-Contraction  of  Speomcn  Ba«.  ^^  ^^  ^^  BOwUng  B 

with  the  line  of  fracture.  The  diameter,  in  this  instance,  was  rtth 
3/33  inch,  and  the  sectional  area  was  reduced  at  the  fracture  to  43.56 
cent  of  the  area  of  the  original  section.  In  the  following  selectioi 
examples  of  fractured  sectional  areas,  the  percentage  ranges  iirom  29.5 
cent  to  87.8  per  cent 

Iron  Bars — Fractured  Sectional  Areas, 

Percent,  of origisali 

Swedish  R.  F.  charcoal, 29.5 

Staffordshire,  charcoal, 38.4 

Yorkshire,  Lo^Tnoor, 46.3 

Staffordshire  B.  B.  scrap, 47.6 

Do.  S.  C.  crown, 53.4 

Scotch  extra  best  best, 58.5 

Do.     best  best, 68.9 

Do.     common, 71.6 

Do.     common, 85.2 

Russian  C.  C.  N.  D.  (for  steel), 89.8 

Average, 59.0 
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Strength  as  the  Diameter  is  Reduced  by  Rolling, 

^our  pieces  were  cut  off  a  i^-inch  bar,  reheated  and  rolled  down  to 
ierent  sizes.     They  had  the  following  tensile  strengths : — 

IMa-etcr.  '^^^^t.^^TCSh.  ^'         Elongation. 

indu  tons.  per  cent 

I^ 22.38    28.3 

I        25.60    26.7 

K 25.97    25.2 

i^ 26.65  23.8 

iring  an  increase  of  tensile  strength,  and  less  elongation. 

Strength  as  Affected  by  Turning,  or  Removing  the  Skin. 

Lolled  bars  ij^  inch  diameter  were  turned  down  to  i  inch,  and  tested. 
;  average  results  of  four  irons,  so  treated,  were  as  follows : — 

Tensile  strength.  Elongation, 

tons  per  square  inch.  per  cent. 

Rough  bars, 24.38  17.2 

Turned  bars, 25.00  19.3 

ring  that  the  turned  bars  were  at  least  as  strong  as  the  rough  bars. 

Strength  as  Affected  by  Forging. 

fi^-inch  round  bars  of  four  kinds  of  iron  were  reduced  by  forging  to 
c±  and  ^  inch  in  diameter. 

Tons  per  inch.  Elongation. 

Rough  bars, 25.13  24.5  per  cent 

Forged  bars, 26.10  17.3       „ 

ring  an  increase  of  strength  equal  to  i  ton  per  square  inch  by  the 
ing  down,  and  a  reduction  of  elongation. 

Strength  as  Affected  by  Reheating  only, 

hre  different  irons,  i  inch  in  diameter,  of  which  the  collars  had  failed 
be  first  trial,  had  the  collars  replaced.  The  effects  of  the  reheating  to 
Ji  the  five  bolts  were  subjected  in  the  operation  are  thus  shown : — 

Tons  per  inch.  Elongation. 

I  St  Trial, 25.86  lo.i  per  cent. 

2d  Trial, 24.88  32.6      „ 

ring  a  reduction  of  i  ton  per  square  inch  of  tensile  strength,  whilst  the 
^arion  was  trebled. 

>n  the  contrary,  two  pieces  of  a  3^ -inch  bar  of  good  iron  were  tested, — 
in  its  ordinary  condition,  and  tne  other  after  it  had  been  brought  to  a 
ling  heat,  and  cooled  slowly. 

Tons  per  inch.  Elongation. 

In  ordinary  condition, 25.27  22.3  per  cent. 

Heated,  and  cooled  slowly, 25.21   17.7       „ 

Strength  as  Affected  by  Intense  Cold, 

hree  pieces  of  a  ^-inch  bar  were  tested,  one  at  64**  F.;  the  others,  after 
og  been  exposed  over  night  to  intense  fi'ost,  were  broken  at  23**  F.: — 
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Tons  per  inch.  ElongatioB. 

At  64**  24.87  24.9  per  cent 

At  23°  24.28  23.0      „ 

showing  that  at  the  lower  temperature  the  strength  was  a  litde  ks! 
0.59  ton. 

Strength  as  Affected  by  Notching  the  Bar. 

The  two  ends  of  i  inch  round  specimen  bars  were  screwed,  and 
screw  at  one  end  was  divided  by  turning  out  a  square  notch  or  groov 
}^  inch  wide,  as  at  Fig.  201,  leaving  a  diameter  of  .70  inch  at  the  botloi 

of  the  groove.  After  having  bee 
broken  at  the  notch,  the  body  of  d| 
bar  was  turned  down  to  the  satf 
diameter  as  the  notch  had  original! 
and  the  bar  broken  a  second  tim 


Fig.  act. — Notched  Specimen  Bar. 


through  the  body.  The  following  are  selections  from  the  results  of  sw 
tests  applied  to  bar  irons;  the  strength  of  the  rough  bar  being  added  I 
comparison.  The  elongations  are  not  recorded;  but  the  contracted  u 
tional  areas  of  fracture  are  here  given : — 


Lowmoor  (hardest  bar),... 

Bowling  (softest  bar), 

Govan  Diamond 

Tensile  Strengths. 

Contracted  Sectional  Area 

Notched. 

Turned 
Down. 

Rough 
Bar. 

Notched. 

Turned 
Down. 

Ro«g 
Bv. 

tons. 

40.95 
29.87 

30.96 

29.87 

tons. 

31.57 
25.01 

25.70 

28.17 

tons. 
29.10 
26.20 

25.71 
23.15 

percent. 
92.0 
72.2 

75-9 

1 00.0 

perceoL 
50.8 

44.4 
46.4 
92.0 

peroe 

49- 

43- 

SO- 
96. 

Dundyvan,  common, 

32.91 

27.61 

26.04 

85.0 

5«.4 

59- 

showing  a  remarkable  excess  of  resistance,  more  than  5  tons,  at  the  not 
due  apparently  to  the  shortness  of  the  notched  portion,  which  was  partL 
sustained  by  the  thicker  parts  on  each  side,  whilst  the  contraction  of  a 
was  in  a  measure  prevented. 

Strength  of  Bars  or  Bolts  as  Affected  by  Screwing, 

Screws  with  rounded  threads  were  cut  in  three  modes — ^by  means  of 
blunt  dies,  new  sharp  dies,  and  chasers;  and  tested  for  tensile  stren^ 
The  following  selection  of  results  has  been  made  for  the  purpose  of 
comparison ;  premising  that  the  diameter  at  the  base  of  the  thread  was 
same  for  all  the  screwed  bolts  of  one  diameter: — 

Not  Screwed.     Screwed.    Difference, 
tons. 

iX-inch  bolts,  screwed, 24.47 

„        „  chased, 24.45 

I -inch  bolts,  screwed  (old  dies),  27.60 
„        „        screwed  (new  dies),  27.10 

„        „        chased, 27.95 

^-inch  bolts,  screwed  (old  dies),  26.47 
screwed  (new  dies),  26.47 
chased, 26.47 


tons. 

tons 

18.22 

6.25,  or  25  per  cent.  1« 

17.20 

7.25,  or  29 

n          n 

24.62 

2.98,  or  1 1 

n          »> 

19.04 

8.06,  or  30 

n          »» 

20.02 

7.93,  or  28 

n          a 

22.77 

3.70,  or  14 

99          » 

19.47 

7.00,  or  26 

»>          n 

18.70 

8.77i  or  33 

»i          » 

f 
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I  decided  variation  of  strength  is  due  to  the  mode  of  cutting  the  screw. 
nie  Uunt  dies,  compressing  the  metal,  as  Mr.  Kirkaldy  argues,  harden  it, 
Bd  increase  its  tensile  resistance.  The  sharp  dies,  cutting  more  readily, 
h»  not  compress  the  metal  so  much  as  the  blunt  dies.  The  chaser  does 
M  compress  it  at  all.  Hence,  the  reduction  of  strength  is  greater  in 
Brewing  with  sharp  dies  than  with  blunt  dies,  and  is  greatest  when  the 
kttserisused. 

Strength  of  Bars  as  Affected  by   Welding, 

The  pieces  of  bar  iron  to  be  tested  were  cut  through  the  middle,  and 
Offfed  and  welded  in  the  ordinary  manner.  The  tensile  strength  at  the 
pdd  was  in  all  cases  less  than  that  of  the  original  bar,  as  well  as  the  elonga- 
ion  before  fracture.  The  following  are  the  averaged  results  for  each  class 
f  irons: — 

Tensile  Strength.  Elongation, 

per  cent.  less.  per  cent. 

Glasgow  B.  Best,  1 3fe(  inch  diameter, 17.6  6.7 

Famley,                 i               „             30.2  7.3 

Govan  B.  Best,       ^          „             14.5  5.9 

Govan  Extra  B.  B.  ^          „             15. i  10.5 


Average, 19.4 


7.6 


These  averages  conceal  the  excessive  fluctuations  of  strength,  which  varied 
Irom  2.6  to  43.8  per  cent,  below  the  normal  strength  of  the  bars. 


Strength  of  Bar  Iron  in  Resisting  Stress  Suddenly  Applied, 

In  a  special  series  of  trials,  when  the  steelyard  was  duly  loaded,  and  all 
ant,  it  was  suddenly  released  by  means  of  a  trigger;  so  that  the  stress  was 
clivered  upon  the  specimen  suddenly,  but  without  any  blow  or  jerk.  Mr. 
kirkaldy  ascertained  the  value  of  the  rupturing  stress  for  each  iron  by 
iking  die  mean  between  the  lowest  stress  that  caused  rupture  and  the 
ighest  that  did  not  do  so.  The  specimens  consisted  of  i-inch  round  bars, 
he  following  are  the  comparative  tensile  strengths : — 


Bradley  charcoal, .. . . 
Bradley  Crown  S.C, 

Lowmoor, 

Lowmoor, 

Glasgow  B.  Best,.... 
Glasgow  B.  Best,.... 
Glasgow  B.  Best  J 
(^-inch  bars),  ) 
Crank-shaft, 


Load  Applied. 


Gradually. 


tons. 

25-45 
27.82 

26.48 

26.81 

26.70 

26.70 

24.87 
19-54 

25.54 


Suddenly. 


tons. 
22.05 
22.10 
21.37 
20.91 

20.45 
21.07 

22.50 

15.82 

20.78 


DiPPERBNCB. 


tons. 

3-40, 

5-72, 

5.II, 

590, 
6.25, 

5-63, 
2.37, 
3.72, 


percent  less. 

or  13.4 

or  20.6 

or  19.0 

or  22.0 

or  24.8 

or  19. 1 

or  9.6 

or  19.0 


4.76,  or    18.6 


Elongation. 


Gradually. 


per  cent. 

30-2 
25.3 

27.0 


24.9 
21. 1 

24.6 


Suddenly. 


per  cent. 
40.1 
22.5 
25.0 
23.6 

253 
20.1 

17.3 
16.9 

20.1 

(5  specimens.) 
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These  results  show  that  the  tensile  resistance  to  fracture  by  suddenlf-j 
applied  stress  is  from  2  to  6  tons  per  square  inch,  or  from  10  to  25  per 
less  than  when  it  is  gradually  applied.     The  average  elongation  is  also  ]c%l 
— decidedly  more  so,  if  the  exceptional  specimen,  Bradley  charcoal  bar, 
omitted  from  the  average. 

The  Influence  of  Frosty  at  23°  F.,  on  the  tensile  resistance  of  bar  inn 
strains  suddenly  applied  was  tried  on  seven  specimens  cut  from  a  Jj( 
bar  of  Glasgow  B.  Best  iron.     The  average  results  showed  3.6  per 
diminution  of  resistance ;  and  a  reduction  of  elongation  from  25  per  cot 
to  20 J4  per  cent 

Influence  of  Additional  Hammering  on  the  Iron  in  a  large  Crank-skafL 

Three  pieces  i  Y^  inches  square  were  cut  out,  and  forged  down  to  ijl 
inch,  and  turned  to  i  inch  in  diameter.  Compared  with  two  pieces  wfauk 
were  simply  cut  out,  and  turned  down  to  i  inch,  the  results  were  as  follows:— 

Tods  per  inch.      Eloogmtkia. 

Cut  out  and  turned  down, 19.90  16.8  per  cent 

Cut  out,  forged  down,  and  turned,....  23.70  11. 7       „ 

showing  20  per  cent,  increase  of  strength  with  reduced  elongation. 

Strength  of  Hammered  Iron  as  Affected  by  Removing  t?u  Shin. 

Two  I  J^-inch  square  bars  of  Go  van  hammered  iron  were  turned  down ' 
to  I  inch  in  diameter.  Compared  with  i  inch  square  Govan  hammered^ 
bars,  in  their  skins,  they  gave  better  results,  thus : — 

Tons  per  inch.         Elongation. 

i-inch  square  bars, 28.60  20.6  per  cent, 

I }^-inch  square  bars  turned  down,....  30.35  23.5       „ 

Hardening  Iron  Bars. 

A  I  ^ -inch  round  bar  of  Bowling  iron  was  cut  into  several  pieces,  whid 
were  turned  and  forged  down,  and  hardened: — 

Diameter.  Tons  per  inch.        Ekmgation.  * 

Turned  to  I  inch, 27.15  28.3  per  cent 

Forged  to  .87  inch,  hardened  in  water,  32.79  19.6       „ 

Do.      .78    „  „  oil,...  28.85  ^9-^       » 

Do.      .70    „  „  tar,...  28.06  22.4      „ 

showing  that  hardening  in  water  increases  the  strength  more  than  in  ofl  j 
or  tar. 

The  tensile  strength  of  the  second  piece,  above  noted,  namely,  32.79 
tons  per  square  inch,  was  the  greatest  strength  of  iron  observed  by  Mr. 
Kirkaldy. 

Experiments  on  pieces  cut  from  the  large  crank-shaft  already  mentioned, 
and  from  an  armour-plate,  and  hardened,  show  that  there  was  no  increase 
of  tensile  strength  by  hardening,  and  that  the  elongation  was  reduced. 

Case-hardening  Iron  Bars. 

By  case-hardening  specimens  of  several  irons,  and  cooling  them  in  oOi 
or  in  water,  or  slowly,  the  loss  of  tensile  strength  averaged  2.21  tons  ptf 
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1 ;  whilst  three-fourths  of  the  elongation  was  gone.     The  avenges 
iced  tc^ether  for  easy  comparison ; — 


c..„.„„... 

StrcDEth. 

Elcrag.- 

In  OrdiiuiT  Con- 
dilioCL 

25-39 
23-70 
25-36 

pwotnt. 

6.  a 
2.9 

1 1.6 
4  9 

26!^o 

26.50 

27.07 
25-32 

ptrcwLl 

366    1 

:d,  and  cooled  slowly 

id  down,  and  cooled  slowly, 

23-8    i 

20.7    1 

\1era2es 

24.14 

24-4    1 

•^    I 

Cold-roUed  Iron  Bars. 
!ces  of  J^-inch  Blochaim  bar-iron  were  treated  as  follows: — 

Tons  per  Inch.  Elongllion. 

rolled  (a  pieces) 31-86         11.8  per  cent 

rolled  and  annealed  (2  pieces) 26.50         25.6         „ 

dinary  condition  (i  piece) 27.06        22.8        „ 

Tat  cold-rolling  added  nearly  5  tons  to  the  strength,  which  was 
the  bars  were  subsequently  annealed. 

StrrugfA  of  Angle-iron,  Ship-strap,  and  Beam-iron. 
isile  strength  of  angle-irons,  about  ^-inch  thick,  is  generally  less 
to  2  tons  per  square  inch  than  that  of  bar-iron.      The  tensile 
f  ship-strap  and  beam-irons,  from  ^  to  i  inch  thick,  is  2  tons  less 
rf  angle-irons.     The  elongations,  correspondingly,  aie  also  less. 

Tensile  Strength  of  Iron  Plates. 
Ues,  of  thicknesses  varying  for  the  most  part  from  5^  inch  to 
ick,  cut  into  specimens  i  %  and  2  inches  wide,  were  tested : — 


Plate. 

Elokc 

*T,0«. 

W„hFib„. 

A^Fil™. 

Wi,hFib«. 

AcKW  Fibre. 

e. 

hire 

24-75 

22.89 

23-37 
21.96 

22.64 

2..40 

21-39 
19.22 
[9.56 

13-4 

9-3 
9-5 
9-6 
7.0 

ptront 
8.0 
S-3 

5-2 
2.8 

3- a 

re 

lire.            

neral  averages. 

23-20 

20.84 

9.8 

4.9 

est  difference  of  the  lowest  tensile  strength  in  any  group  was 
■  inch  below  the  average  of  the  group.  In  the  Yorkshire  plates 
exceed  %  tons. 

sile  strength  across  the  fibre  is  from  i  ^  tons  to  4  tons  per  inch 
hat  with  uie  fibre.    The  average  difference  is  10  per  cent. 
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Fractured  Sectional  Area  of  Iron  Plates. 

With  Fibre.  Across  Fibre. 

Yorkshire 63.5  percent     79.7  per  cent  of  origioal area. 

„       76.5 

Staffordshire  crown  S.  C.  78.5 

„  Bradley....  84.3 

Scotch  best  boiler 87.3 

Staffordshire  best  best...  90.9 

Scotch  ship 95.4 

Scotch  common 94.4 


» 


» 


>> 


»y 


}> 


» 


83.7 

89.9 

n 

92.0 

93-6 
94.6 

97.5 
98.5 

Cold-rolled  Iron  Plates. 

Pieces  of  Blochairn  plate  .345  inch  thick  were  reduced  by  cold-ioDiic  ■ 
to  .238  inch  thick,  or  to  two-thirds: — 


Tons  per  Inch. 

1 

Elgncatiox. 

With  Fibre. 

Across  Fibre. 

With  Fibre. 

Acna  Fibre. 

In  ordinary  condition 

Cold-rolled 

20.45 

39-73 
22.75 

19.20 
36.00 
21.72 

percent. 

O.I 
8.0 

1 

per  otot. 
2.6 
0.0 

6.0 

Cold-rolled  and  annealed 

Cold-rolling  nearly  doubled  the  strength,  but  annihilated  the  elongatioiL 
By  annealing,  all  but  2j^  tons  per  inch  of  the  extra  strength  was  lost;  but 
the  original  elongation  was  doubled. 

Strength  of  Iron  Plates  as  Affected  by  Galvanizing, 

Fourteen  specimens  of  Glasgow  best  boiler  plate,  from  3/,^  to  ^  indi 
thick,  were  prepared  for  trial,  half  the  number  having  been  galvanized. 
There  was  no  perceptible  difference  in  any  respect  between  the  galvanized 
and  the  ungalvanized  plates. 

Specific  Gravity  of  the  Irons  Tested. 


Armour-plate 76134 

Angle-iron 7.6006 

Iron  plates 7.6287 


Yorkshire  rolled  bars 7.7600 

Staffordshire  rolled  bars ...  7.6178 

Lanarkshire  rolled  bars...  7.6280 

Crank-shaft 7.6307 

The  specific  gravity  was  diminished  by  cold-rolling,  though  the  tensile 
strength  was  increased;  as  follows: — 

Ordinary.  C<Jd-rc4kd. 

Bar  iron,  specific  gravity 7-636  7-582 

Boiler-plate,         „  7.5^6  7.539 

The  specific  gravity  of  iron  was  also  diminished  by  stretching  under 

tensile  stress : —  Sracmc  Gravity. 

Before  Stretching.     After  Scretcbiflf' 

Three  i-inch  Yorkshire  bars,  stretched  to  .90  inch...  7.752  7.674 

Two  .83-inch  Blochairn  bars,  „  .76     „  ...7.636  7*569 


Average  for  five  bars 7.760  7-632 

showng  an  average  reduction  of .  1 28,  or  1.65  per  cent,  in  the  specific  gravity. 
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[MENTS  OF  THE   StEEL   COMMITTEE  OF   CiVIL   ENGINEERS,       1870. 

Steel  Committee,  who  will  be  again  noticed  in  treating  of  the 
I  of  steel,  tested  the  strength  of  a  number  of  wrought-iron  bars 
:hcs  diameter,  consisting  of  twelve  bars  of  Lowmoor  iron,  six  bars 

Yorkshire  iron,  and  six  bare  of  usual  S.  C.  CrowTi,  or  StafTord- 
on.     Table  No.    i8g  gives  condensed  results  of  the  experiments 

tensile  strength  of  wrought-iron  bars,  in  to  feet  of  length;  and 
o.  18S,  the  same  for  their  compressive  strengths. 
to  Tables  Nos.  188,  189. — The  lowest  elastic  strength  in  any  group 
did  not  exceed  i  ton  per  square  inch  less  than  the  average  elastic 
I ;  say,  not  more  than  lo  per  cent,  less  than  the  average  for  iron  bars. 
iniical  analysis  of  these  irons  is  given  with  that  of  the  steels  tested 
lOmniittee,  in  table  No.  203,  page  603. 

[o.  188. — Compressive  Strength  of  Wrought-Iron  Bars.    1870. 
i%  inches  in  dtameler.     Observations  made  on  lo-feet  lengths. 
(Reduced  from  results  of  experiments  made  by  the  Steel  Commillce. ) 


E1i<ac5irn>Etli 
Sqiure  Inch. 

— 

per  Ton  per  Squuc 

Lonrmoor 

13-S 

'3-S 
13.0 

!io6 
.101 

Ie>g>h  =  ,. 

Vverages 

13-3 

.102,  or  I  in  977 

■000077,  or  -/...sij 

!o8i 
.090 

10.5 

ii.S 

Werages 

M.S 

.089,  or  lin  1 130 

.000077,  or  '/.^^ 

Yorkshire 

130 
130 

.100 
.103 

Werages 

13.0 

.101,  or  I  in  987 

.000078,  or  '/,..B.t 

usual  S.  C  Crown 

11.5 

II.S 

12.0 

.093 
.095 
.103 

Averages 

1 1.7 

.097,  or  I  in  1030 

.000080,  or  '/ti.soo 

Summary  Averages. 


1  1030    .000077,  or  '/i».9»T 
1  1030    .000083,  or  '/u.o*!  ; 


.097,  or  I  in  1030    .000080,  or  '/'JpSoo 
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Hammered  Iron  Bars  (Swedish). 

No.  190  contains  a  selection  of  results  of  trials  made  by  Mr. 
fT  of  the  tensile  and  compressive  strength  of  hammered  bar-iron 
tnred  by  Messrs.  Gammelbo  &  Co.,  Nericia,  Sweden. 

o.  190. — Strength  of  Swedish  Hammered  Iron  Bars.     1866. 

Tensile  Strength. 


>eciroens  (2,  3, 
ich  scantling). 

Length  for 
Elongation. 

Elastic  Strength  per 
Square  Inch. 

Absolute 

Strength 

per  Sauare 

Inch. 

Elongation 

in  parts  of 

Length. 

Lowest. 

Highest. 

Average. 

round,  ) 
down  from  / 

nches ) 

uare 

und 

und 

und 

ound 

>^inch 

}i  inch 

X  }^  inch  .. 

15  inches 

10     ,, 
10     ,« 

10     ,, 

15      » 
15      » 
15      ,. 

tons. 
10.75 

tons. 
12.00 

tons. 
11.05 

tons. 
18.80 

18.85 
18.87 
18.92 
23.90 

23.00 
20.62 

20.55 

per  cent. 
24.6 

22.9 

33.1 

32.5 
25.9 

5-9 
12. 1 

21.6 

16.4 

quare    iron  ) 
ed  into  blis-  > 

eel ) 

ound,   case 

>d.Z / 

ound,   case 

:d 

-ound,  case 
d 

12.77 

22.50 

19.35 
2325 

1.2 

Compressive  Strength. 


>ecimens  ^a,  3, 
ich  scanthng). 

Length  for 
Compression. 

Elastic  Strength  per 
Square  Inch. 

Absolute 

Strength 

per  Square 

Inch. 

Compression 

in  parts  of 

Length. 

Lowest. 

Highest 

Average. 

round 

round 

round 

uare 

ij4  inches 
15       .. 

I  inch 

tons. 

10.10 
8.94 
8.94 

tons. 
12.64 
10.75 

9.84 

tons. 
10.74 

9-45 
10.42 

tons. 

66.45 

12.53 

37-90 
82.20 

per  cent. 

45-4 

3.7 

33.1 

53-3 

quare    con -"J 
ito  blistered  > 

I  inch 

83.40 

48.3 

SH£ 

:aring  S' 

rRENGTH. 

turned. 


15.20     I 
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For  transverse  strength,  four  2-inch  square  bars  were  tested,  on  a  spia' 
of  25  inches,  with  the  following  results: — 


Breadth. 

Depth.     1 

1 

Elastic  Stress. 

Deflection.  | 

Ultimate  Stress. 

DeflediML  i 

1 

inches.        inches. 

pounds. 

inches. 

pounds. 

iaehei. 

I 

2.04    X    2.02 

7,500 

.089 

15,888 

S'« 

2 

2.02    X    2.04       1 

7,000 

.088 

14,875 

4-9» 

3 

1.95    X    2.02       1 

6,000 

.072 

13,965 

S-«S 

4 

2.00   X    2.00      1 

1 

6,000 

.078        , 

1 

13,338 

S-38 

1 
Averages 

6,625 

.082        1 

14,516 

S-3S 

I 

I 

or  2.96  tons 

i 

1 

or  6.48  tons 

The  bars  remained  uncracked  under  the  ultimate  stress. 

For  torsional  strength,  the  averages  for  four  bars  turned  to  i  j4  inches  in 
diameter,  with  a  length  of  7  diameters,  the  stress  being  applied  at  the  end 
of  a  1 2-inch  lever,  were  as  follows : — 

Elastic  stress 1062  pounds,  or  .474  ton. 

Deflection  in  parts  of  a  revolution  =  1...  .011  turn. 

Ultimate  stress 2677  pounds,  or  1.195  tons. 

Ultimate  deflection 4.70  turns. 

One-inch  square  bars  of  the  same  manufacture  were  tested.  For  tensile 
strength,  they  broke  with  an  average  of  20.34  tons  per  square  inch.  Under 
bending  stress,  the  average  results  of  four  bars,  1.04  inches  wide  by  1.05 
inches  deep,  showed  that  they  bore  an  elastic  stress  of  1250  pounds,  with  I 
.216  inch  deflection.  The  ultimate  stress  was  1978  pounds,  with  6.60  , 
inches  of  deflection. 


Mr.  J.  Tangye's  Experiments  on  the  Compressive  Resistance 

OF  Wrought  Iron. 

A  I -inch  round  bar  of  soft  Lowmoor  iron,  8  or  9  inches  long,  was  planed 
on  two  opposite  sides  to  a  thickness  of  ^  inch,  and  was  subjected  to 
pressure  on  one  side  under  a  steel  die  ^  inch  square,  having  an  area  of 
J^  square  inch. 

The  following  are  the  results  of  the  tests;  and  they  prove  clearly  that  a 
unit  of  iron  has  a  much  greater  power  of  resistance  when  it  forms  a  portion 
of  a  larger  mass,  than  when  it  is  isolated  in  the  manner  customary  in  making 
experiments  on  resistance  to  compression: — 

Load  per  square  inch. 

1 2  tons  no  impression. 

16     „  „ 

20     „  "... 

24     „  slightest  indentation,  sensible  to  the  finger-nail. 

28     „  distinctly  visible,  edge  followed  by  finger-nail. 

32     ,,  »  )}  I) 

3^     ,,     ^  ,,  ,,  „ 

40     „     indented  about   V64th  inch. 
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Hammered  Iron  Bars  (Swedish). 

Table  No.  190  contains  a  selection  of  results  of  trials  made  by  Mr. 
Krkaldy  of  the  tensile  and  compressive  strength  of  hammered  bar-iron 
manufactured  by  Messrs.  Gammelbo  &  Co.,  Nericia,  Sweden. 

Table  No.  190. — Strength  of  Swedish  Hammered  Iron  Bars.     1866. 

Tensile  Strength. 


Siae  of  Specimens  (3,  3, 
or  4  of  each  scantling.\ 

Length  for 
Elongation. 

Elastic  Strength  per 
Square  Inch. 

Absolute 

Strength 

per  Square 

Inch. 

Elongation 

in  parts  of 

Length. 

Lowest. 

Highest. 

Average. 

l^-inch        round,  ) 
turned  down  from  / 
bars  2  inches ) 

I-inch  square 

vinch  round  ........... 

15  inches 

10     ,, 
10     ,, 

10               yy 

15      » 
15      .» 
15      ,. 

tons. 
10.75 

tons. 
12.00 

tons. 
11.05 

tons. 
18.80 

18.85 
18.87 
18.92 
23.90 
23.00 
20.62 

20.55 

per  cent. 
24.6 

22.9 

33.1 

32.5 
25.9 

5.9 
12. 1 
21.6 
16.4 

1  2-indi  round 

!  i-iQch  round 

1  )4'inch  round 

n«tt  3^>^  inch 

FUt,  2x^  inch 

Flat,  l^xyi  inch  .. 

1 1-iDch    square    iron  ) 

I   cooverted  into  blis-  > 

tered  steel 1 

12.77 

22.50 

19.35 
23.25 

1.2 

2-inch    round,   case>_ 
hardened j" 

1-inch   round,   case  1 
hardened ) 

%-iDch  round,  case  | 
hardened | 

Compressive  Strength. 


Sue  of  Specimens  {a,  3, 
i    or  4  of  each  scantUng). 

1 

Length  for 
Compression. 

Elastic  Strength  per 
Square  Inch. 

Absolute 

Strength 

per  Square 

Inch. 

Compression 

in  parts  of 

Length. 

Lowest. 

Highest. 

Average. 

1 54-inch  round 

i^  inches 

15     „ 

I  inch 

tons. 
10.10 

8.94 
8.94 

tons. 
12.64 
10.75 

9.84 

tons. 
10.74 

9.45 
10.42 

tons. 

66.45 

12.53 

37.90 
82.20 

per  cent. 

45.4 

3-7 

33.1 

53.3 

l54-inch  round 

I}4-inch  round 

'  i.mch  sauare.... .... ... 

1 

I  I-inch    square    con-^l 
terted  into  blistered  > 
ftfd ) 

I  inch 

83.40 

48.3 

.  i^-indi  turned 

SHi 

FARING  S' 

1 

FRENGTH. 

15.20 

I 

^ 
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Effect  of  Drilled  Holes  and  Punched  Holes  on  the  Tensile  Strengthr- 
Specimens  8  inches  wide  were  prepared  according  to  Fig.  203,  wiA  tio^ 
rows  of  rivet  holes,  .85  inch  in  diameter,  in  the  central  portion,  2}i  indiai 
apart,  and  the  holes  were  at  2  inches  pitch.     The  punched  holes  wo 
conical,  as  usual.     The  reduction  of  width  of  solid  metal  by  the  hoki 


Before  Bulging. 


Afto*  Bali^iif. 


L 

J 

0 

00 

0 

0^ 

00 
0  0 

> 

V 

00 

1° 

■msssasBBf^^ 


Fig.  203.— Specimen  Plate  to  test 
Lfiect  of  Drilling  and  Ehinching 


Figs.  304,  905.— Test  Spedmen  Platn  for  '^'?e''x  Strets. 


amoimted  to  (.85  x  4  = )  3.40  inches,  and  the  net  section  was  (8  —  3.4  =  )  4.^ 
inches  wide,  or  57.5  per  cent,  of  the  total  width.  Four  Krupp  spectmeni 
and  nine  Yorkshire  specimens  of  varying  thickness,  were  tested  fior  each 
result  Table  No.  192  gives  some  deductions  from  the  elaborate  icsukl 
reported  by  Mr.  Kirkaldy. 


Table  No.  192. — Krupp  and  Yorkshire  Iron  Plates — ^Tensile 
Strength  of  Drilled  and  Punched  Plates.     1875. 

Thickness  f^,  >i,  and  ji  inch.     Holes,  .85  inch  in  diameter. 
(Deduced  from  Mr.  Kirkaldy's  Reports.) 


Description. 


Crossway — 

Krupp 

Yorkshire. 


Crossway — 

Krupp 

Yorkshire. 


Averages. 

Krupp 

Yorkshire 


Drilled  Holes. 
Lengthway — 

Krupp 

Yorkshire 


Reduced  Reduced 

Section,  in  Strength,  in 

^itsofTor-'  '  «,.^- «f 'rr»»«i 

SectioR. 


'     Section,  in         Strength,  in 
1 1  parts  of  Total     parts  of  Total 
SectioR.  Strength. 


Punched  Holes. 
Lengthway — 

Krupp 

Yorkshire 


per  cent. 

57.5 
57.5 


57.5 
57.5 


57.5 
57.5 


57.5 
57.5 


57.5 
57.5 


percent 

62.8 
56.9 


61. 1 
57.2 


51-5 
50.0 


50.0 
47.6 


56.3 
52.9 


Tensile 
Strength  per    ' 
square  inch  of  Total 

Net  Section,  in  I     Eloneation 
parts  of  that     |      of  Hotev. 
of  Entire 
Section.        i 


percent. 

109.2 
99.0 


106.2 

loao 


89.6 
87.0 


87.0 
82.8 


98.0 
92.0 


W 


perceaL 

18.2 


22i 


13.7 
8.3 


n.i 
7.0 


19.6 
11.7 
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SmsUma  to  Bulging  Stress, — Discs  12  inches  in  diameter,  cut  in  the 
ke  out  of  plateSy  were  pressed  into  an  s^rture  10  inches  in  diameter,  by 
al|ger-nan  about  5  inches  in  diameter,  of  which  the  end  was  turned  to  a 
of  5  inches.    The  preparation  for  the  trial,  and  the  object  after 


Figs.  ao6,  907,  ao6.— Specimens  for  Resistance  to  Bendbg  Stress. 

Bg  been  bulged,  are  shown  in  Figs.  204  and  205.  A  selection  of  the 
Jts  is  given  in  table  No.  193.  Each  result  for  Krupp  iron  is  an  aver- 
from  four  specimens;  and  for  Yorkshire  iron  an  average  from  six 
droens.  The  stress  was  gradually  increased  until  the  specimen  was 
bed  through  the  aperture,  or  until  the  specimen  gave  way  either  by 
±ing  or  bursting. 

'able  No.  193. — Krupp  and  Yorkshire  Iron  Plates — Resistancf 

TO  Bulging  Stress.     1875. 

Discs  12  inches  in  diameter,  pressed  into  lo-inch  apertures. 


^  •^V..«.«r««.«.&     kA«#«J 

4 

r     d       «  CkAM 

'*-/ 

Thickness 

of 

Plate. 

Stress— Bulging  in  Inches. 

Ultti 
Bulge. 

nate.       \                                      \ 

Lbs. 
a5.«»- 

indies. 

.82 
.64 

.50 
.83 

Lbs.. 
ioo,ooa 

Lbs..         i 
300,000. 

Stress. 

Eflects. 

1 

indies.  ' 

Unannealed,    . 
Krupp, 440; 

n     533 ; 

»     653 1 

iforkshire,  .390 

inches. 

2.14 
1.86 

'•59 

( 4  plates  ) 
\     2.50     \ 

indies. 

1 

2.82 

1 

1 
1 

inches. 

3.27 
3.40 

3-36 
2.65 

tons. 

62.10 
73-20 
97.06 

41.00 

uncracked 
uncracked 
I  burst 

3  burst,  I  cracked  , 

.510 
.625  i 

.61 
.35 

S  5  plates  ( 

\     1.85     ( 
\  4  plates  \ 

\  1.57   S 

1.96 

1 
—            \ 

J3plates}' 
<    2.83     s 

1 

2.72 
2.52 

61.03 
73-83 

5  burst 

burst 

1 

Anrualed. 
vrupp,....  .440 

»     533 

.83 
.72 

1 
1 

1 

1 

3.27 
3.39 

55.40 
71.28 

1 
uncracked 

uncracked 

1 

»     ....  .653: 

.56 

175 

J  I  plate  \ 
\     ^18     ( 

3.45 

88.62 

I  burst 

^oikshire,  .390 

.93 

2.73       '        — 

3-19 

47.35 

I  burst,  I  cracked 

.510 
»        .625 

.72 

^3 

4plates7 
(     2.0s     i 

1.65 

(  3  plates  ) 

1  3.14  r 

2.88 
2.82 

55.85  , 

77.30  ' 

1 

I 

2  burst,  I  cracked 

3  burst,  I  cracked 
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Resistance  to  Bending  ^/r^M^y.— Specimens,  2j4  inches  wide,  of 
the  three  thicknesses,  were  bent  double  both  hot  and  cold.  First, 
ing  them  between  supports  lo  inches  apart  to  a  right  angle,  as  in 
then  the  cold  specimens  were  doubled,  ar  QiTig.  207,  to  a  dista 
of  four  times  the  thickness ;  whilst  die  hot  specimens  were  doubh 
in  Fig.  208.  Of  the  specimens  of  Krupp  iron,  thirty-six  in  nu 
bore  the  test,  except  six  which  wpre  more  or  less  cracked  Of  1 
mens  of  Yorkshire  iron,  seventy-two  in  number,  twenty-five  only  p 
tests  uncracked. 

Prussian  Iron  Plates.     1874. 

Two  large  iron  plates,  .64  inch  thick,  manufactured  by  Mr. 
Berlin,  were  tested  for  tensile  strength  by  Mr.   Kirkaldy  in  iS 
following  abstract  contains  the  averages  of  four  experiments 
result : — 


1 

Unannealed.                   | 

1 

Annealed 

With  Fibre. 

1 

Across  Fibre. 

With  Fibre, 

12.73  ^o"s 

22.53      »» 
56.5  % 
24.7  % 

A 

Elastic  strength 

Ultimate  strength 

Ratio 

Elonsration 

13.00  tons 

23-40      „ 

54.5% 
23.8  % 

12.60  tons 

22.70     „ 

55.5  % 

14.6  % 

I: 
2 

5. 
I 

1 

The  greatest  deviation  from  the  average  elastic  tensile  strength  y 
ton  below  it. 

The   plates   were   tested   for  bulging   strength.      Discs,   12 
diameter — two  annealed  and  two  unannealed — were  cut  out  of 
and  pressed  through  an  aperture  10  inches  in  diameter,  the  same 
in  Figs.  204  and  205,  page  584. 

Bulging. 
Pressure.  Unannealed.  Annealed. 

22.32  tons 90  inch 95  inch. 


44.64 

»i 

....   1.49 

>> 

....   1.57 

» 

66.96 

»i 

....   1.95 

»i 

....  2.07 

>i 

89.28 

»> 

....  2.39 

>> 

....  2.60 

)i 

(ultimate)  104.18 

fi 

....  2.69 

>> 

•  •  •  • 

burst 

104.20 

» 

•  •  •  • 

....  3.26 

„    one  1 

Tensile  Strength  of  Iron  Wire. 

Mr.  Barlow  deduced  from  experiments  by  Mr.  Telford  on  th 
of  iron  wire  from  7io  inch  to  V20  inch  in  diameter,  that  the  ultin 
strength  was  equivalent  to  36  tons  per  square  inch  of  section. 

The  tensile  strength  of  Warrington  iron  wire  is  given  at  pj 
Unannealed,  about  36  tons  per  square  inch ;  annealed,  about  2 
square  inch. 
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Wire. — Mr.  Roebling  states  that  bar  iron  of  from  i  inch  to 
indies  square,  fit  to  make  the  best  quality  of  wire,  should  have  a  tensile 
of  60,000  lbs.,  or  27  tons  per  square  inch.    The  same  iron,  reduced 
lap  wire,  bears  100,000  lbs.,  or  44)4  tons  per  square  inch;  and,  if 
to  No.  20  wire,  it  will  bear  from  20,000  lbs.  to  30,000  lbs.,  or  9  to 
iODS,  more.    From  these  data  it  would  appear  that  wire  made  of  the  best 
of  iron  has  about  the  same  strength  as  some  qualities  of  steel  wire, 
tensile  strength  of  American  iron  wire,  together  with  that  of  wire 
the  cables  of  a  suspension  bridge  after  having  been  32  years  in  use, 
to  Professor  Thurston,  are  as  in  table  No.  194. 


STaUe  No.  194. — Tensile  Strength  of  American  Iron  Wire.     1875. 


Diameter. 

! 

Breaking  Weight. 

t 

Fractured  Area. 

Actiial. 

Per  Square  Inch. 

inch. 
.029 

.0535 
.071 

.08 

.1205 

.134 

pounds. 

75 
238 

368 
474 

963 
1310 

tons. 
56.90 
47.26 

40.35 
42.10 

37.70 
41.47 

per  cent. 
100 
98.9 
91.7 
98.7 
96.7 

98.5 

Wire   from    suspension  | 
bridge,  .1236  diameter.  > 
Average  of  1 2  tests. . . . .  j 

1081 

40.17 

56 

Shearing  and  Punching  Strength  of  Wrought  Iron. 

Swedish  bar  iron  bore  an  average  shearing  stress  of  15.20  tons  per  square 
ch;  the  ultimate  tensile  strength  was  18.80  tons  (page  581). 
The  shearing  resistance  of  bars  3  inches  by  )4  inch  and  i  inch  thick, 
itwise,  with  parallel  cutters,  and  to  punching  i-inch  and  2-inch  boles 
irough  bars  yi  inch,  i  inch,  and  i  }4  inches  thick — the  power  being  applied 
trough  a  hydraulic  shearing  press, — was  found  by  Mr.  C.  Little^  to  be : — 

Per  square  inch 
of  area  cut. 
Bars.  _  ^  ^  tons. 

}i  inch  thick,  shearing,  and  punching  i-inch  holes 22.35 

I  »9  i>  ,         »  I        „         21.83 

}i  „  punching  2-inch  holes 19.00 

I  »  >,         2         „         19.90 

1)4  »,  ,,         2         „         19.50 

The  shearing  resistance  of  "  ordinary  round  bar  iron  of  commerce,"  by 
TtCt  pull,  was  ascertained  by  Chief  Engineer  W.  H.  Shock,  of  the  United 


*  Pro^eedrngs  of  the  Institution  of  Mechanical  Etii^inecrs^  1858;  page  73. 
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States  Navy.     The  following  are  averages  of  the  results  from  12 
to  each  average.     The  diameters  were  exactly  measured;  the 
were  slightly  rounded  at  the  edges,  and  hardened : ' — 

Diameter  op  Bolts.  Resistance  in  tons  per  square  indi  cnL 

inch.  single  shear.  double  shear. 

%    19.68       18.32 

H    17.41       17.23 

yi 17.61   17.76 

^ 18.50   16.88 

I     17.90   16.78 


Averages  18.22  17*40 

Mean  of  the  averages 1 7.81  tons. 

The  averaged  results  of  experiments  on  the  strength  of  rivetted  joints,' 
showed  that  whilst  the  plates  broke  with  a  load  of  19.44  tons  per  square 
inch,  the  rivets  were  sheared  by  a  stress  of  1 7.45  tons  per  square  indi  of 
section. 

The  shearing  strength  of  wrought  iron,  in  view  of  the  forgoing  data,  is 
taken  at  80  per  cent,  or  four-fifths  of  the  ultimate  tensile  strength. 

Transverse  Strength  of  Wrought  Iron. 

Rectangular  Bars  of  Wrought  Iron, — Wrought-iron  bars  are  not  readil) 
ruptured  by  transverse  stress.  Their  transverse  elastic  strength,  therefore, 
naturally  constitutes  the  chief  matter  of  investigation.  Actual  data  an 
extremely  scarce.  Mr.  Barlow  gives  the  approximate  elastic  tensile  aik 
transverse  strengths  of  four  bars  of  iron;  of  which  the  elastic  tensik 
strength  of  the  first  bar  was  9.5  tons  per  square  inch;  and  of  the  othas 
10  tons  per  square  inch.  The  elastic  transverse  strengths  of  these  bar 
are  here  given,  as  approximately  observed,  and  as  calculated  from  thi 
observed  tensile  strength  by  formula  ( i ),  page  507. 

Elastic  Ttansveise  StrengtL 
Calculated  Ohsenwd 

2.66  tons.        2.50+ tons 

4.72    ,,          4.25+  '» 
4.72    ,,  4.25+  „ 

3.28    „         3.00+  „ 

The  limit  of  elastic  strength  was  not  closely  ascertained,  but  it  wa 
known  to  be  greater  than  the  observed  strengths  here  noted.  The  calcu 
ated  strengths  appear,  therefore,  to  be  substantially  correct  The  foUowin 
is  the  form  of  the  calculation,  as  exemplified  for  the  first  of  these  bars:— 

— ^ ^-^  =  2.661  tons. 

33 

Mr.  Edwin  Clark  tested  three  bars  of  wrought-iron,  one  i  inch  square 

and  two  i  ^  inches  square,  for  transverse  strength,  as  follows : — 

*  Journal  of  tfu  Franklin  Institute^  1874. 

•  Transactions  of  the  North  of  England  Mining  Institute, 


Bars. 

2    inches    x    2  in.  deep. 

33  in.  span. 

1-5     »»        ^3 

33       »^ 

1.5     »        ^3 

33       V 

1-5     »»        ^    2.5    „ 

33       ,' 
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Elastic  Transverse  Strength. 
Calculated.  Actual.  « 

1. 155  tons.         I.I  17  tons. 

1.299      „  1.275       » 

The  Swedish  bars,  noticed  at  page  581,  2  inches  square,  had  an  ultimate 
ensile  strength  of  18.8  tons  per  square  inch,  and  the  i-inch  square  bars, 
a34  tons.     By  the  formula  ( i ),  page  507, 


Baks. 

I  inch   X    I  in.  deep. 
'•5  «      ^    i-S     >» 

1 2  in.  span. 

36   » 

Swedish  Bars. 

Ultimate  Transverse  Strength. 
Calculated.              Observed. 

.04  m. 

X  2.02  in.  deep. 

25  in.  span. 

7.230  tons. 

7.093  tons,  uncracked. 

02  „ 

X  2.04        „ 

25       » 

7-302      „ 

6.646     „ 

95  » 

X  2.02        „ 

25       » 

6.91 1      „ 

6.234     „ 

00  „ 

X  2.00        „ 

25       » 

6.948     „ 

5-955     » 

)>  »» 


Average  for  2-inch  bars, 7-098    ,}        6.482 

cnige  for  i-inch  bars — 

>4  in.  X  1.05  in.  deep.     25  in.  span.     1.077  tons.     0.883  to"s,  uncracked. 

le  calculated  strength  of  the  2-inch  bars  averaged  9.5  per  cent,  in  excess 

the  observed  strength;  and  that  of  the  i-inch  bars,  22  per  cent.     But 

5  bars  were  not  broken,  nor  even  cracked,  and  they  would  of  course  have 

me  a  greater  load  before  breaking. 

There  is  a  rf^gular  and  close  correspondence  between  the  calculated  and 

*  observed  transverse  strengths  of  wrought-iron  bars  above;  contrasting 

th  the  diversity  observed  with  cast-iron  bars.     The  regularity  results  from 

e  more  nearly  uniform  texture  and  strength  of  wrought  iron. 

Formula  (  i  ),  page  507,  in  its  general  form,  may  be  adapted  for  wrought 

m.  by  assuming  an  average  tensile  strength  of  22.5  tons  per  square  inch 

rthe  value  of  s.    Then  1.155  J=  i-i55  ^  22.5  =  26. 

ransverse  Strength  of  Rectangular  Bars  of  Wrought  Iron,  average  quality. 
I^oaded  at  the  middle,...  W  =  —  —  (i) 


Loaded  at  one 


end. W  =  ^^"  (2) 


Round  Iron, — The  strength  of  round  wrought-iron  bars,  taking  the  same 
msile  strength,  22.5  tons,  is  found  from  the  general  formula  (  15 ),  page 
10;  in  which  .7854X  j  =  .7854x  22.5  =  17.7. 

Transverse  Strength  of  Hound  Wrought-iron  Bars^  average  quality. 

Loaded  at  the  middle,...  W  =  i2:l-!^'  (3) 

Loaded  at  one  end, W=-i^^ —   (4) 

=  the  breaking  weight  in  tons;  b  the  breadth,  d  the  depth,  and  /  the  span, 
in  inches. 
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Transverse  Deflection  and  Elastic  Strength  of  Wrought  Irok; 

Wrought-Iron  Rectangular  Bars, — The  deflections  of  a  few  bars  under 
given  weights,  applied  at  the  middle,  were  observed  by  Mr.  Barlow  and  Mt 
Edwin  Clark.  To  collate  with  these  the  observations  of  Mr.  Kirkaldy  on 
bars  of  Swedish  iron,  page  582,  the  results  are  here  grouped  togetfao^ 
and  the  value  of  E,  the  coefficient  of  elasticity,  calculated  by  formula  (6)^ 
page  529,  are  added: — 


Bars. 


» 


Barlow,    2  inches  square, 

1.5  X  3  inches  deep, 

1-5  >«  3      »         >i     

1.5x2.5  „         „ 

E.  Clark,  i  inch  square  (3  bars),.... 

1-5  „ 
1.5  « 
1-5  „ 

Swedish,  2.04  x  2.02  deep,. 
2.02  X  2.02    „ 
1.95  X  2.02    „ 
2.00  X  2.00 
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» 


Span. 


inches. 

33 

33 

33 

33 

33 
12 

36 
36 
36 
36 

25 

25 
25 
25 


Load. 


tons. 
2.50 
2.00 
4.00 
4.00 
4.00 

.711 

1.275 

1.145 

1.695 

1.695 

3348 

3-125 
2.679 

2.679 


Deflecdon. 


inches. 
.100 
.077 
.088 
.102 
.104 
.026 
.320 
.290 
.400 

.350 
.089 
.088 
.072 
.072 


Average  coefficient  of  elasticity,  E,  for  the  first  10  bars  (long  span). 


12,154 
16,616 

8,730 

7,532 
12,764 

10,228 

7i948 
8,220 

8454 
9,638 

7,566 
7,004 
7,830 
7,260 

10,228 


Adapting  the  general  formula  ( 8  ),  page  530,  the  numerical  constant 
becomes  4.62  y  10,228  =  47,253,  say  47,000. 


Elastic  Deflection  of  Uniform  Rectangular  Bars  of  Wrought  Iron^  loaded 

at  the  middle. 


D  = 


W/5 


(5) 


47,000^//^ 

D  =  the  deflection,  b  the  breadth,  d  the  depth,  /  the  span,  all  in  inches; 
W  the  weight  in  tons. 

Round  Iron, — For  round  bars,  substitute  the  above-found  value  of  E,  in 
the  general  formula  (  24  ),  page  533.  Then,  3.1416  x  E  =  3.1416  x  10,228 
=  32,116,  say  32,000. 

Elastic  Deflection  of  Round  Wrought-Iron  Bars,  loaded  at  the  middle. 

W/3 


D  = 


32,000  //* 


(6) 


Torsional  Strength  of  Wrought  Iron. 


Data  are  extremely  scarce.     The  Swedish  iron,  page  581,  gave  a  shear 
ing   resistance  of   15.2  tons   per  square  inch.     By  the  general  formula 
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I X  page  534,  the  breaking  force  at  the  end  of  a  1 2-inch  lever,  applied  to 
ij^inch  round  bar,  is 


^ ^ .278  X  1.53  X  15.2  ^  ^^ 


88  tons. 


12 


rke  actual  force  was  found  to  be  (page  582)  =^  1. 195  tons. 

Taking  the  shearing  strength  of  wrought  iron  at  80  per  cent,  of  the 
ensile  strength,  as  decided  at  page  588,  put  ^  =  the  uhimate  tensile  strength, 
hen  A  =  .80  s,  and,  by  substitution  in  the  general  formulas  for  torsional 
trcngth  (i),  page  534,  and  (6),  page  536, 

For  wrought  iron  round  shafts,.,.W  =  £^M!^=.  J^ (7  ) 

R  4.5  R 

For  wrought  iron  square  shafts,...  W  =  l^.^-J^= — i— (8) 

W  =  the  force  in  tons. 
R  =  the  radius  of  the  force  in  inches. 
W  R  =  the  moment  of  the  force  in  statical  inch-tons. 
//=the  diameter  of  the  round  shaft  in  inches. 
d  =  the  side  of  the  square  shaft  in  inches. 
s  -  the  ultimate  tensile  strength  in  tons  per  square  inch. 

Take  the  tensile  strength  s  equal  to  22.5  tons  per  square  inch  as  an  average 
irake;  then,  by  substitution  and  reduction : — 

Tmumai  Strength  and  Sizes  of  Wrought-Iron  Shafts  of  average  quality. 
Round  shafts  i—W-?/''- (  9  ) 


^=  \/-^  =  -58'</wR (  ,0) 

Square  shafts: — W=  ^'^    (  'i ) 

R. 


*=</—■  =-5* yWR.   (,2) 


lusnc  Torsional  Strength  and  Deflection  of  Wkought-Ikon  Bars. 

The  results  of  experiments  with  Swedish  bars,  page  582,  show  that  the 
dasdc  torsional  strength  was  40  per  cent  of  the  ultimate  torsional  strength. 
The  elastic  shearing  stress  is  found  by  formula  (  3  ),  page  535, 

^=.778-^'- ^'^^ 

For  Swedish  hammered  bars,  page  582,  WR  =  .474 ton  x  12  inches 

5^  Ac  moment  of  the  force :  and  h  -  — \ =  6.06  tons  per  square 

.278x1.53 

■di,  Ae  dasdc  limit  of  shearing  stress. 
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The  value  of  £',  the  coefficient  of  torsional  elasticity,  as  defined  at  {k^I 
536,  is  found  for  the  Swedish  bar,  by  the  general  formula  (12),  page  537;— 


F'  -    ^^^^    =  .474  X  J2  X  10.5 
~.873^*D     .873  X  1.5*  X  .011 


1229. 


By  inversion  and  reduction,  the  equation  for  torsional  deflection  is  (^| 
tained : — 

Elastic  Torsional  Deflection  of  Roufid  Wrcmght-Iron  Bars, 

WR/ 


D 


1070^* 


(14) 


D  =  the  total  angular  deflection  in  parts  of  a  revolution. 
W  -  the  twisting  force  in  tons. 
R  =r  the  radius  of  the  force  in  inches. 
W  R  =  the  moment  of  the  force. 

/  -  the  length  of  the  shaft  in  inches. 
d  -  the  diameter  of  the  shaft  in  inches. 


I 
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STRENGTH  OF  STEEL. 
Mr.  KisKALDv's  Early  Experiments. 

Id  tbe  coutse  of  the  experiments  alrc^y  noticed,'  page  571,  Mr.  Kirk- 
llif  tested  a  great  number  of  bars  and  plates  of  steel,  the  general  results 
(f  which  are  given  in  a  condensed  form  in  tables  Nos,  195  and  196.  The 
bus  were  from  ^  inch  to  i  inch  in  diameter,  and  possessed  an  average 
knsfle  strength  of  from  60  tons  per  square  inch  for  tool-steel,  to  38  tons  pet 
iquaie  inch  fen-  puddled  steeL  The  greatest  observed  strength  was  66.3 
Wo. 

The  steel  plates  were  from  3/,g  to  V-e  inch  thick.  Their  tensile  strength 
nnged  from  45^  to  33  tons  per  square  inch,  with  the  fibre.  The  aveia^ 
tenale  strength  was  40  tons  with  the  fibre;  and  across  the  fibre  the  tensile 
SieDgth  was  36^  tons,  or  91  per  cenL  of  the  tensile  strength  in  the  dtrec- 
tko  of  the  fibre. 

Tible  Na  195. — Tensile  Strength  of  Round  Steel  Bars.     1861. 
(Mr.  David  KiikaUy.) 


».-. 

Oadidu. 

Sue. 

Biokbig  Wd^c 
pec  iquan  JD^ 

Eloop. 

i..,  . 

I LJUU^J 

59^3^ 
59.10 
55.75 
53.87 
51.76 
49-75 
47-90 
47.60 
46.56 

40.47 
40.05 

32-37 

3'.9" 

38.05 

P««I1L 

5-4 
S-2 

?■! 

:s 

5-5  ' 

12.4    1 

,11' 

'S-3 
13^7 

18.0 
'9-1 
11.3 
13^ 
9-' 

Turon'scasi  steel,  for  tools  , 
Jwms        do.           do. 
Do.           do.          chisels  \ 
Do,    doubleshcarsteel-..  / 
Do.    cast  steel  for  drifts...  t 

Forged, 

reheated, 

and 

cooled 

gradu- 
ally. 

Rolled. 

Fwged. 

Fo^ed. 

RoSed. 
Forged. 

i«h. 
,5310-59 
.5610.58 
.5610.60 
.56&.57 

■57 
.6510.75 

■75 

.75 
.5710.60 
■  57&.S9 
.9110.93 

.56 

■75 
.5510.57 

■75 
-75  to.  IX) 

■75 

■77 

50.  JO 

52.55 
50.15 

47.65 

Xi 

45^27 

45-27 
39.97 
37-5' 
38.4^ 
36.70 
38-30 
29.07 
29.94 
24-55 
19.00 
30.50 

H.90 

66,20 
61.60 
55  95 
58.25 
54-97 

SJ.I3 

50.12 
51.87 
49.43 
42.92 
44-45 
42-30 
36.93 
33.62 
33-54 
31-93 
31.40 

Moss  &  Gamble,  cast  steel } 
for  rivets ( 

N»ylor,Vlckers,&Co.,casiJ 
Meei  for  rivets j 

Wilkinson,  blister  stecL 

[witfs  cast  steel,  taps 

Kropp's  cast  steel,  bolts 

Jowitt's  spring  sleel 

Meriey  Co.'a  puddied  steeL_ 
Elochaim              do. 

Do.                   do.          _ 

Do.                   do. 

Averages 

38.50 

46.80 

43.66  [|    1 1.3 

>  £xfmwuMti  M  Wrmi^  Iran  amd  Stal. 
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Table  No.  196.— Tensile  Strength  of  Steel  Plate- 
(Mr.  David  Kirkaldy.) 

.     186 

1 

DBSCBimOM  or  Stsu. 

TWckntB 
Plile. 

??Ss."SS' 

Ek«(i».ioll 

Fibre-      F™ 

Wiih 
FitK 

si 

Turton  &  Sons,  cast  steel 

inch. 

3.6 

3/,«  &  ■/. 

>k 
'It  &  V.6 

-/* 

42.10  1  43.00 

36!48    38^90 
33.75     30.84 
—  „  I  43-30 
45-28,  37-93 
45.80.  38.11 
45-64;  37-6? 
43.00,  32.90 
3^-31'  32-85 
34.40:  30.22 
3'-93i    — 

1? 

2.8 

H 

5-9 

6.2 

3-6 

144 
1-3 
M 

J.T 
4.1 

W 

Naylor,  Vickers,  &  Co.,  cast  steel... 
Moss  &  Gamble,                  do.     ... 
Shortridge  &  Co.,                 do.      ... 

Mersey  Co,,  puddled  steel 

Mersey  Co.,  "  hard  "  pirddled  steeL. 
Bloehaim,  puddled  steel 

Mersey  Co.,  "  mild  "  puddled  Steel.. 
Mersey  Co.,        do.           do. 

Total  averages 

Averages  for  comparison  of  strengths  1 

39.42  1  37.17 
40-17'  36-56 

7.8 

8.J 
7^ 

8.1 

Mr.  Kirkaldy  discovered  that  the  strength  of  steel  was  materially  in- 
cieased  by  hardening  the  metal  in  oil;  and  that  it  was  materially  reduced 
by  hardening  in  water.  Three  pieces  from  a  bar  of  chisel-steel  were  so 
treated,  with  the  following  results: — 

TeoDe  Simiih. 

Soft  Steel 54  J^  tons. 

„        cooled  in  water 40JJ     „ 

„        cooled  in  oil 96^     „ 

Coal-tar  and  tallow  were  used  for  cooling  steel,  and  with  good  effect; 
but  they  were  not  so  efficacious  as  oil. 

Steel  plates,  similarly  treated  in  oil,  acquired  a  gain  of  strength  varyii^ 
from  56,4  per  cent,  for  the  highest  temperature  at  which  they  were  cooled 
to  12,8  per  cent,  for  the  lowest 

The  shearing  strength  of  steel  rivet-iron  was  found,  from  seventeer 
tests,  to  average  74  per  cenL  of  the  ultimate  tensile  strength  of  the  sami 
bar. 

Strength  of  Hematite  Steel.     1866. 

Mr.  Kirkaldy  tested  the  strength  of  bar-steel  manufactured  by  thi 
Barrow  Hematite  Steel  Company,  Four  samples  were  tested  for  eac! 
kind  of  stress: — For  tensile  stress,  cast  steel,  forged  and  turned  to  i^ 
inches  diameter;  length,  14  inches.  For  compressive  stress,  hammered  cas 
steel,  forged  and  turned  to  ij^  inches  diameter;  length,  14  inches.  Fo 
shearing  stress,  hammered  cast  steel,  foiled  and  turned  to  i}{  inche 
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diuDeto'.  For  transverse  stress,  hammered  cast  steel,  i^  inches  squaix; 
span,  2$  inches.  For  torsional  stress,  Bessemer  cast  steel,  forged  aixl 
turned  to  x}^  inches  diameter;  length,  8  diameters. 

Elajtk.  ULTiy*™^  EloBoiimi. 

per  >qiun  mdL  per  iquue  ubo.  »—.»■««». 

Tenale  Strength 18.63  tons.        32-37  tons.         t9.3  per  cent 

Compressive  strength 23.21     „  71.24    „  — 

Shearing  strength —  2S,2r     „  — 

(  Elastic  load 3.80  tons.        Inflection  .laa  inch. 

Transverse  strengths  Ultimate  load  (     .    ,  ^  .c    ;_. 

I   (nncracked)    \    ^■^S    -  -.         6.64^ 

^•rH"^  ^f*^^  I  Elastic  load 428    „  „         .008  turn. 

Strength  of  Krupp  Steel.     t867-68. 

Blocks  of  Knipp's  cast  steel  from  the  heads  of  broken  crank-shafte  of 
the  "  Jeddo  "  and  the  "  Sultan,"  were  cut  up  into  numerous  specimens  by 


P!(.  ID}.— Knipp  SlHl  Crank-shaft, 

Ur.  Kir^dy,  and  tested  for  strength.     The  annexed  Fig.  209  shows  how 
the  broken  crank  of  the  "  Sultan  "  was  divided  and  cut  up.' 


Specim. 


For  tensile  strength,,. 


.25  inches. 


( Diameter 

"  (  Length 8.5 

For  oMnpressive  strength,  I  £^^;'^^;;;  " 

^Breadth 1.37      „ 

For  tmisverse  strength,...  <  Depth 1.76      „ 

(Span 10         „ 

F.«»<»a.s«=g.h j «-- •  ;-5f_;;^ 


.  1 38  inches. 


2  diameters, 
for  copies  of  tlie  "  Resolu  of  E:q>eiiiiKnl^^ 
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Average  Results, 

For  tensile  strength : —  j,ddo.  Soltak. 

Elastic  strength 18.53  tons.  19.10  tons. 

Do.     extension 541  per  cent  .586  percent 

Do.         do I  in  185  i  in  171. 

Elastic  extension  per  ton  per  )     -,        ^^r-  ^-^^^^^^     1/        «,.  .^/^-.^ 
squareinch;length=i..../    V^as,  or  .000292.    V3a66,  or  .000306. 

Breaking  weight 41.18  tons,  42.07  tons. 

Ratio  of  elastic  to  breaking  )     ,  ^  ^^  ^„^  ^  r  .  ,v«,  /»^* 

^eigl^t ^1    45  per  cent  45.4  per  cent 

Permanent  extension 12.6     „  7.9         „ 

Sectional  area  of  fracture 77.4     „  76.9       „ 

For  compressive  strength : — 

Elastic  strength —  21.13  tons. 

Do.     compression —  .  798  per  cent 

Do.  do —  I  in  125. 

Elastic  strength,  per  ton  per  )  _  , , 

square  inch;  length  =  i  ...  /  1^^^^  -ooos??. 

Breaking  weight —  89.30  tons. 

For  transverse  strength : — 

Elastic  stress 7.94  tons.  10.74  tons. 

Ultimate  stress 21.31    „  27.14     „ 

Ratio 37.2  per  cent  39.6  per  cent. 

Elastic  deflection 055  inch.  .082  inch. 

Ultimate  deflection 1.49     „  1.19     „ 

For  torsional  strength : — 

Elastic  stress,  at  the  end  of ) 
a  12-inch  kver ]   -49^  ^n.  .497  ton. 

Ultimate  Stress 1.280  „  1.068  „ 

Ratio 38.4  per  cent  47.3  per  cent 

Elastic  torsion 005  turn.  .011  turn. 

Ultimate  torsion 441     „  .339     „ 

The  lowest  ultimate  tensile  strength  of  the  steel  of  the  "Jeddo"  was 
nearly  10  tons  per  square  inch  below  the  average;  of  that  of  the  "Sultan" 
it  was  2]/{  tons  below  the  average.  The  strength  of  the  specimens  cut 
from  the  interior  of  the  blocks  averaged  very  little  less  than  that  of  those 
from  the  exterior. 

The  crank-shaft  of  the  "  Jeddo  "  was  supplied  to  replace  a  broken  shaft 
of  wrought  iron,  noticed  at  page  576,  of  which  the  tensile  strength  averaged 
about  20  tons,  as  against  41.2  tons  for  the  steel  shaft 

Experiments  of  the  Steel  Committee. 

A  Committee  of  Civil  Engineers^  instituted  and  completed  a  series  of 
experiments  on  the  strength  of  steel  bars,  in  1868-70.     They  were  con- 

*  The  Committee  consisted  of  Messrs.  W.  H.  Barlow,  George  Berkley,  John  Fowler, 
Douglas  Gallon,  C.B.,  and  J.  Scott  Russel.  Mr.  Berkley,  Secretary;  Mr.  W.  Paursey, 
Assistant-  Secretary. 
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ducted  with  every  provision   for  insuring  accuracy;  and  the  results  were 
printed  in  two  reports,  from  which  the  following  particulars  are  derived. 

First  Series  of  Experiments, 

The  first  series  of  experiments,  203  in  number,  were  conducted  by  Mr. 
Kirkaldy,  under  the  instructions  of  the  Committee,  with  his  testing  machine, 
in  which  the  amounts  of  extension,  compression,  and  deflection  were  read 
off  a  dial  The  experiments  were  directed  to  test  the  resistance  of  steel 
bars  to  tension,  compression,  transverse  strain,  and  torsion.  Twenty-nine 
samples  of  steel  bars,  2  inches  square  and  15  feet  long,  of  the  best  marketable 
quality  ordinarily  made,  were  obtained  from  ten  manufacturers;  of  these, 
18  were  of  Bessemer  steel,  and  1 1  of  crucible  steel  Each  bar  was  parted 
into  lengths  by  a  shaping  machine,  for  bending,  twisting,  pulling,  and  thrusting, 
as  shown  by  Fig.  210.  For  pulling,  the  specimen  was  prepared  as  in  Fig.  211, 
aod  divided  into  inches  of  length ;  for  bending,  as  in  Fi§.  2 1 2 ;  for  twisting,  as 
in  Fig.  213 ;  and  for  thrusting,  or  compression,  as  in  Fig.  214.      For  ter^e, 

Bending.       Twisting.  Pulling.  Thrusting.  Do. 

Spare    '  '"    '  »  '  '  ■     ■  «  .  Spart. 

Fig.  axa — Spedmen  Ban — how  divided. 

"""tJ^^^^ toi;fa<» i-iiijO— 

Fig.  an.— Graduatioo  of  Ban  for  Palling  Stress. 

BT  ID =12 

Fig.  ata.— For  Bending  Stress.  Fig.  ax3.— For  Twisting  Stresa. 

Fig.  8x4.— For  Thrusting  or  Compressive  Stress— how  divided. 

Specimsn  Bars  of  the  Stxel  Committee,     ist  Series. 

compressive,  and  torsional  tests,  the  bars  were  turned  down  to  1.382  inches  in 
diameter,  having  a  sectional  area  of  1.5  square  inches,  and  highly  polished. 
For  bending,  or  transverse  tests,  they  were  planed  to  a  section  of  1.9  inches 
square.  The  final  results  have  been  condensed  from  the  report,  and  are 
worked  out  in  the  following  tables : — 

Table  No.  197  shows  the  tensile  strength  of  the  steel  bars. 

Table  No.  198  shows  the  elastic  compressive  strength  of  the  steel  bars. 
The  ultimate  compressive  strength  of  short  specimens,  which  is  always 
an  indefinite  quantity,  is  not  given  here;  but  it  may  be  stated  that  the 
short  specimens  required  a  great  deal  to  crush  them;  and  that  the  long 
specimens,  36  diameters  in  length,  failed  by  buckling,  when  the  elastic 
Innit  of  stress  was  arrived  at 

Tables  Nos.  199  and  200  show  the  transverse  strength  and  the  torsional 
stxcngtb  of  steel  bars, — distinguishing  the  elastic  from  the  ultimate  stress* 
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Table  No.  198. — Compressive  Strength  of  Steel  Bars.     1868. 

Tw»4nch  square  ban  tamed  to  1.382  inches  in  diameter  (1.5  square  inches  of  area). 

Lengths,  various. 
(Reduced  from  the  Experiments  of  the  Steel  Committee,  ist  Series.) 

Bessemer  Steel. 


DiSCXIPTION, 

respective  number  of 


5,  Hammered,  tyres,. 
5,  Hammered,  axles^ 
4,  Hammered,  rails,.. 
4,  RoUed, 


Elastic  Strength  (compressive)  in  tons  per 
square  mch. 


Length, 
t  dianu: 
t.38in. 


tons. 

23.03 
23.84 

23.88 

18.98 


Length, 

9  diams.; 

a.  76  in. 


tons. 
22.32 
22.76 
23.32 
18.30 


Length, 
4  diams.; 

5.53  in. 


Length, 

36  diams. ; 

50  in. 


tons. 
22.23 
21.34 
21.77 
18.07 


tons. 
19.15 
18.51 
18.95 
17.20 


Elastic  Compression  ^r 

ton  per  square  inch,  m 

parts  of  the  length  of 

36  diameters. 


Length=i. 

.000065,  or  V15.385 

.000062,  or  Vi6,a6o 

.000065,  or  '/15.385 

.000065,  or  >/,5.385 


5,  Hammered,  tyres,. 
4,  Hammered,  axles,. 
I,  Hammered,  rails,.. 
I,  Rolled,  axles, 


Crucible  Steel. 


24.02 
26.90 
26.78 
21.87 


23.93 
26.11 

26.34 
19.64 


21.74 

2399 
20.55 

18.75 


21.11 
22.30 

I9S4 
18.77 


.000065,  or  'A5.385 

.000065,  or  '/15.385 
.000065,  or  VX5.385 

.000069,  or  »/x4,493 


18,  Bessemer  steels,... 
II,  Crucible  steels, 


Summary  Averages. 


29,  Steels,. 


22.43 
24.89 


23.66 


21.67 
24.01 


22.84 


20.85 
22.26 


21.55 


18.45 
20.43 


19.44 


.000064,  or  Vx5,62S 
.000066,  or  Vx5,«5a 


.000065,  or  '/15.38s 


Table  No.  199. — Transverse  Strength  of  Steel  Bars.     1868. 

Two-inch  square  bars  planed  to  1.9  inches  square.     Distance  of  supports,  20  inches. 

Bessemer  Steel. 


- 


DBSCKimON, 

with  respective  numbers  of  samples. 


Avsragbs. 

5,  Hammered,  tyres, 

5,  Hammered,  axles, 

4,  Hammered,  rails, 

4,  Rolled;  tyres,  axles,  rails, 


Elastic 
Stress. 

Ultimate 
Stress. 

Ratio  of 

Elastic  to 

Ultimate 

Stress. 

Ultimate 
Deflection. 

tons. 

tons. 

percent. 

inches. 

7.59 

8.II 

13.17 
13.20 

57.3 
61.5 

3.82 
4.08 

7.99 
6.61 

12.85 
11.75 

61.2 
56.3 

3-94 
4.03 

Rbmakks. 


Bent  to 

6  inches; 

uncracked. 


Crucible  Steel. 


5,  Hammered,  tyres,, 

4,  Hammered,  axles, 

I,  Hammered,  rails,. 

I,  Rolled,  axles, 


8.36 

14.65 

57.4 

3.32 

8.38 

15.52 

53-9 

3-35 

7.81 

17.91 

43-6 

3.65 

6.89 

12.06 

53.8 

3.84 

In  most 

cases  bent 

to  6  inches; 

uncracked. 


Summary  Averages. 


18,  Bessemer  steels, . 
1 1,  Crucible  steels, . . 


29,  Steels, 


IM 

12.74 
15.04 

59.5 
52.2 

3.97 
3.54 

7.74 

13.89 

55.7 

3.76 

6oo 
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Table  No.  200. — Torsional  Strength  of  Steel  Bars.     1868. 

Two-inch  square  bars,  turned  to  1.582  inches  in  diameter  (1.5  square  indi  of  sectkm). 

Length  for  torsion,  8  dianeters=ii  inches. 
(Reduced  from  the  Experiments  of  the  Steel  Committee,  ist  Series) 

Bessemer  Steel. 


DBSCKimON, 

with  respective  number 
of  samples. 

Elastic 
Stress  at 
the  end 

of  a 

xa-inch 

■ever. 

Elastic 
Torsion. 

Ultimate 
Stress  at 
the  end 

ofa 

la^ich 

lever. 

Ratio  of 

Elastic  to 

Breaking 

Strew. 

1 

1 

Ultimate  Tonioa, 
*  uncradccd,  for  3.75  tunti. 

LeasL 

Greatest. 

Avenfc 

Averages. 
5,  Hammered,  tyres, 
5,  Hammered,  axles, 
4,  Hammered,  raik, 
4,  Rolled;    tyres, 

axles,  rails,... 

tons. 
.701 
.667 
.688 

.569 

X  tum=x. 
.014 
.Oil 
.012 

.008 

tons. 

1-54 
1.47 
1.45 

1.44 

percenL  | 
45-4    ' 

46.8    , 

39.5 

X  tum=:x. 
1.50 

2.33 
2.10 

2.61 

X  tum=i. 

a.73, 

3-7S: 
3- 75* 

3.7s* 

X  tiun^L 
2.21 
3.07 

^73 
3^" 

5,  Hammered,  tyres, 
4,  Hammered,  axles, 
I,  Hammered,  rails, 
1,  Rolled,  rails 

•736 
•731 
•714 

•554 

Crucii 

.014 
.013 

.016 
.012 

JLE  StI 

I.81 
1.34 

!:el. 
46.6 

434 
40-9 
4^7 

1.77 
1.07 

.86 
1-73 

3-39 
a.  14 

233 
i.9» 

18,  Bessemer  steels,... 
II,  Crucible  steels,.... 

20.  Steels, 

.670 

SUMBfAR' 
.Oil 
.014 

Y  Aver 
1.61 

AGES. 
44-6 
4^5 

— 

Zi 

1.73 

•o»3 

1.54 

43.6 

— 

— 

2.26 

1 

The  lowest  tensile  and  compressive  elastic  strengths,  ranged,  for  each 
group  in  the  first  series,  about  5  tons  per  square  inch  below  the  averages 
given  in  the  tables; — say  20  per  cent  below  the  averages.  The  same 
proportionate  range  is  found  in  the  elastic  resistances  to  torsional  and  trans- 
verse stress. 

Second  Series  of  Experiments  (mcuie  at  Woolwich  Dockyard). 

The  object  of  the  second  series  of  experiments  by  the  Steel  Committee, 
was  to  make  experiments  on  the  tension  and  compression  of  long  sted 
and  iron  bars,  measuring  the  changes  of  length  directly  firom  the  bars.  For 
this  purpose,  91  bars  of  steel  and  iron,  each  14  feet  long  and  i  J4  inches  in 
diameter,  were  obtained,  consisting  of  33  bars  of  Crucible  steel,  34  bars  of 
Bessemer  steel,  12  bars  of  Lowmoor  iron,  6  bars  of  best  Yorkshire  iron,  and 
6  bars  of  usual  S.  C.  Crown,  or  Staffordshire  iron. 

The  extensions  were  measured  on  10  feet  length  of  each  bar;  and  for 
compressive  tests,  the  bars  were  cut  to  a  length  of  12  feet,  and  the  measure- 
ments made  on  a  length  of  10  feet. 

The  bars  were  tested  in  their  natural  skins.  Before  they  were  tested, 
they  were  thoroughly  examined  and  straightened,  and  the  diameters  checked 
by  means  of  vernier  callipers,  capable  of  showing  a  variation  of  a  loooth 
part  of  an  inch.     The  results  for  iron  bars  have  been  given  at  page  579. 

Table  No.  201  gives  the  condensed  results  of  the  experiments  for  the 
tensile  strength  of  steel  bars,  and  table  No.  202  gives  Uie  same  for  their 
compressive  strength.     The  bars  are  here  distinguished  by  letters. 
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Table  No.  202. — Compressive  Strength  of  Steel  Bars.    1 

1^  inches  in  diameter ;  lo-feet  lengths. 
(Reduced  from  the  Ex|>eriroents  of  the  Steel  Committee,  2d  Series.) 

•     Crucible  Steeu 


Description,  and  Reference  Letter. 


a   Chisel ;  3  samples 

d  Tyre;  3  samples 

c   2  samples 

d  Rods;  2  samples 

e    

/  Gun-barrels;  3 samples 

f  Hammered;  2 samples 
2  samples 

i    llods 

J    Rolled 


Elastic 

Strength 

(compressive) 

in  tons  per 

square  inch. 


tons. 

26.33 
26.2 

26.0 
18.0 
16.2 
24.0 

19.5 
27.0 

24.0 


Elastic  Compremon. 


per  oenL 

.198,  or  I 
.202,  or  I 
.186,  or  I 
.198,  or  I 
.137,  or  I 
.126,  or  I 
.180,  or  I 
.138,  or  I 
.204,  or  I 
.185,  or  I 


n  506 
11496 

n537 
n  506 

n73i 
11791 

n555 
n  722 

11490 
0541 


ton  per  squv 
parts  of  the 


.000075,01 
.000077,  01 
.000073,  01 
.000076,01 
.000076,01 
.000080^09 
.000075,01 
.000071,0] 

.000075,  a 

.000077,01 


Bessemer  Steel. 


k  Fagotted,  hammered ) 
and  rolled ;  3  samp.  ( 

/    3  samples 

;//  2  samples 

n  Tyres,  axles ;  3  samp. 


18.0 

21.2 
16.0 
16.0 


II 


.133,  or  I  m  751 

.163,  or  I  in  612 
.125,  or  I  in  801 
.125,  or  I  in  801 


.000074,  01 

.000077,  01 
.000078,  01 
.000078,  O] 


Crucible  steels.. 
Bessemer  steels. 


All  steels. 


Summary  Averages. 

233  •'75»  or  I  in  570 

17.8  .137,  or  I  in  732 


20.5 


.156,  or  I  in  641 


.000076,  01 
.000077,  O] 


.000076,  01 


Bars  Tested — for  Compression,  but  not  for  Extension. 
o   Crucible  steel ;  axles, 


rails,  tyres  (3  samp.) 
p  Bessemer  steel ;  axles, 
rails,  tyres  (3  samp.) 


23.0 
24.0 


.172,  or  1  in  581 
.182,  or  I  in  550 


000073,  o^ 

000074,  o: 


The  lowest  elastic  strength  in  any  group  of  bars,  in  the  secor 
did  not  exceed  one  ton  per  square  inch  less  than  the  avera^ 
strength  of  the  group — say  not  more  than  5  per  cent  less  than  th< 
for  steel  bars. 

Table  No.  203  shows  the  chemical  composition  and  specific  i 
fourteen  of  the  bars  subjected  to  tests. 

Tensile  Strength  of  Tempered  Steel, 

The  Steel  Committee  publish  the  results  of  experiments  made  ; 
Gun  Factory,  Woolwich,  on  the  comparative  strength  of  untemp< 
tempered  steel.  A  summary  of  the  results  is  given  in  table  No.  2< 
specimens  were  .50  and  .53  inch  in  diameter,  and  from  i  inch  to  t¥ 
in  length. 
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le  N&  303. — Chemical  Analysis  and  Specific  Gravity  of  Steel 
AND  Iron  Bars. 


Cruciblz  Steel. 

Cm 

Illicit  COKSTITUIKTS. 

s^. 

Uliimuc 

i™. 

Out™. 

Sman. 

Solphur.      p 

iiona. 

"SS" 

p«nt. 

P-OM. 

p.  cat. 

p   mL 

cent. 

lOM. 

98.86 

.9 

trace 

01 

7.J39 

52.76 

98.67 

.67 

44 

7.831 

51.01 

•JS-ST 

■S7 

■14 

17 

04, 

7.«S. 

43.48 

08.61 

.90 

19 

06 

7.8« 

41.85 

q«.«7 

■";8 

.22 

or 

7-8=S 

40.50 

■47 

6[ 

7.84! 

38.51 

99.22 

■4 

7.859 

99- '6 

■44 

.14 

21 

7.8;o 

35.47 

99.16 

■S3 

.10 

19 

trace 

03 

7.850 

33.65 

[et 

98.89 

.62 

.114 

.34 

■Pi 

026 

7.B41 

41.15 

BeSSEMER    St  BEL. 

99-24 

•34 

trace 

■35     !     •H 

■01 

7.857 

— 

99.21 

.40        .04      1 

7.857 

34.19 

9»" 

■38     1    .02 

33.g 

99-'3 

•35 

.03 

.44        .04      1 

.01 

7.8S» 

33.66 

.«. 

99.20 

■33 

.022 

■39        -035    1     ■02 

7.855 

33-84 

VoRKsHiRE  Iron. 

1  9949 

■33 

..0    1    .08    1    .02    ! 

.oS 

7.758 

!3.69 

Table  No.  204. — Tensile  Strength  of  Tempered  Steel. 


lUTUUU. 

"■3^ 

A««(.  B».kll«  Wd£hl  p«  Squue  lull.                    1 

f— ■ 

.J^^ 

'"£"" 

Rkrh 

"nir 

iSS 

■ 

K 

C««  Steel 

Steel, 

9 
3 
217 

61 

f 

7 

2 

32.1 

31-6 
26.6 
29  5 
3'7 
29,0 
56.2 

47.7 

54-6 
S4.6 

54-4 
45- 7 

47.0 
51.5 

44-4 

IS 

393 

5"  • 
53-9 

ieii,'.'.' 
«u,.. 

Ham<%.  Sleel, 

S.ed 

Hom<«.  Steel, 
Steel,  .......... 

Momoe-  Steel. 
Stytian  Steel,. 

Stiel. 

Sted^ 

6o4 
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Strength  or  Fagersta  Steel.     1873. 

Mr.  Kirkaldy  made  a  comprehensive  set  of  experiments  on  the  st 
of  steel  manufactured  at  the  Fagersta  Works,  Sweden. 

First  Series  of  ExperimaUs, 

Twelve  hammered  bars,  2  inches  square,  in  four  groups  of  di 
degrees  of  hardness,  here  distinguished  as  tf,  ^,  ^,  d^  were  tested  lor  I 
compressive,  shearing,  torsional,  and  transverse  strength — three  sam] 
each  test     For  the  transverse  tests,  the  specimens  were  planed  to  1.9 


i 


U 


T 
i< 20'  — y 

Fig.  2x5. — Fagersta  Steel— Test  Spectmen  for  Bending  or  Transverse 

square;  for  the  other  tests,  they  were  turned  to  a  diameter  of  i.i«S 
having  i  square  inch  of  sectional  area.  The  forms  of  the  spedm 
shown  in  Figs.  215,  216,  217.  The  condensed  results  are  given  in 
Nos.  205  to  207. 

Table  No.  205. — Fagersta  Steel  Bars — Transverse  Strength. 

1.9  inches  square;  span,  20  inches.     Load  applied  at  the  middle. 


Bars. 


a      

b     

c       

d     ;.. 

Averages. 


Elxstic 
Stress. 


teas. 

9-43 
9.69 

8.18 

7.04 


8.58 


Ultimate 
Stress. 


tons. 

14.55 
1957 
17.03 
11.28 


15.61 


Ratio 

of  ELnstic 

to  Ultimate 

Stress. 

1 

Ultimate 

j 
per  cenL 

inches. 

66.0 

.78 

49.6 

1.49 

48.0 
62.3 

3-31 
5.11 

56.5 

2.67 

fractui 
fractui 
uncrac 
uncrac 


Table  No.  206. — Fagersta  Steel  Bars — Torsional  Strength. 

Diameter  1. 128  inches  (i  square  inch  section).     Length  for  torsion,  8  diamd 

Stress  applied  at  the  end  of  a  1 2-inch  lever. 


i 

1 

Bars. 

Elastic 
Stres.s. 

Breaking 
Stress. 

Ratio  of 

Elastic  to 

Breaking 

Stress. 

Ultimate  Angular  Toni 

LeasL 

Greatest. 

k 

a      

tons. 
.507 
.502 
.484 
.341 

.458 

tons. 

.946 
1.043 
1.009 

.679 

percent. 

55-9 
48.2 

48.3 
50.2 

X  tum=i. 

.207 

.625 

.897 

3053 

X  tum=x. 

410 

.938 
1.255 

3.725 

« 

1     b      

1     c      

d     

Averages 

. 

.919 

50.2 

1 

1. 195 

1.528 

r 
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Table  No.  207. — Fagersta  Steel  Hammered  Bars — Tensile, 
Compressive,  and  Shearing  Strength.     1873. 

a-bch  square  bars  turned  to  1.128  ioches  iu  diameter  (i  square  inch  of  section). 

Tensile  Strength. 


1 

k        Bass. 

I  was  iaches  long. 

r    ^dbmccers.) 

Ehstic 
Strength  in 

tons  per 
square  mch. 

Breaking 

Weight  in  tons 

per  square 

inch. 

Ratio 

of  Elastic 

to  Breaking 

Strength. 

Permanent 
Extension. 

Sectional 

Area  of 

Fracture. 

i 
g     1 

tons. 
27.70 
28.15 

25.94 
19.24 

tons. 

38.04 
47.60 
45.82 

27.37 

per  cent. 

73.1         ' 

59.4 
56.6        i 

70.3 

per  cent. 

1.8 

5.1 
6.6 

16.5 

per  cent. 

977 

85.6 
38.  s 

* : 

r     , 

d    

Averages 

25.25 

39.16 

64,8 

7.5 

78.9 

Compressive  Strength  (per  square  inch). 


\^ 

Length, 

I  diameter, 

1. 1x8  ins. 

Length,  a  diameters, 
3.25  inches. 

Length,  ^  diameters, 
4.51  inches. 

Length,  8  diameters, 
9.02  inches. 

Baks. 

1 

Elastic 
Strei^gth. 

Elastic 
Strength. 

Destroying 
Wright. 

1 

Elastic 
Strength. 

Destroying 
Weight. 

Elastic 
Strength. 

Destroying 
Weight. 

tons. 
45.62 
42.50 

37.87 
21.05 

K         •  •  •  •  •  ••*  •  •  • 

S     1 

c    

tons. 

28.57 
27.98 
26.78 

17.41 

tons. 
28.27 
26.19 

25.13 
18.75 

tons. 

75.85 

77.37 
69.64 

54.15 
69.24 

tons. 
28.27 
1     26.19 

;  23.81 
i  18.30 

tons. 
59.92 
52.50 
47.01 

36.50 
48.88 

tons. 

27.53 
25.89 

23.51 
18.16 

d    , 

Averages 

25.18 

24,70 

1 

24.03 

23.77 

36.76 

Shearing  Strength  (per  square  inch). 


1 

Ultimate  Shearing  Strength. 

Detrusion  before  Rupture, 
as  a  measure  of  hardness  inversely. 

Per  sauare 
inch. 

Per  cent. 

of  Ultimate 

Tensile  Strength. 

■                 Bais. 

Actual. 

In  narts  of 
the  oiiameter. 

'      M      

tons. 

27.42 
35.60 

31.99 
20.28 

per  cent. 

73-3 
75.2 
69.5 

74.0 

inch. 

•193 
.249 

.281 

.323 

per  cent. 

17 
21 

25 
29 

i    ^     * 

B      Averages 

28.82 

73-5 

.261 

1 

23 

For  Shearing  Stress. 


For  PuDiog  or  Tensile  Stress. 


O 


Figi.  ti6,  ax7.— Fagenta  Steel— Test  Specimens. 
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Second  Series  of  Experiments  on  Fagersta  Steel. 

To  test  the  influence  of  hammering,  and  of  annealing  steel  bars, 
ingots  6  inches  square,  differing  in  hardness,  e^  f  g,  h,  were  cut  % 
specimens  alike,  in  duplicate,  and  hammered  down  to  four  sizes, 
5,  4,  3,  and  2  inches  square. 

In  table  No.  208,  are  given  results  showing  the  comparative 
strength  of  each  ingot,  and  of  the  2-inch  hammered  bars  formed 
them.     They  prove  that  the  steel  was  made  considerably  stronger 
hammering.     In  the  original  Report,  it  is  made  apparent  that  the 
was  proportionally  increased  as  the  bars  were  reduced  in  size. 

Table  No.  208. — Fagersta  Steel  Ingots  and  Hammered  Bars— 
Comparative  Tensile  Strength.     1873. 

Un  annealed. 


Ingots  and  Hammered  Bars  of 
Various  Degrees  of  Hardness. 


Ingots,  6  inches  square. 
e 

f 
h 


Averages,. 


Hammered  Bars,  2  inches 

square. 

e 

f 


i 


Averages,. 


Elastic 

Strength 

(Tensile),  in 

tons  per 
square  mch. 


tons. 

21.27 

17.21 

12.64 

9.68 


15.20 


29.69 
21.30 
17.50 
15.71 


21.05 


Breaking 

Weightm 

tons  per 

square  mch. 


tons. 
29.98 
30.48 
24.65 
12.46 


24.39 


44.03 
43.70 
33.48 
26.76 


Ratio  of 
Elastic  to 
Breaking 

Weight. 


percenL 

71.0 
58.3 
51.2 
42.1 


55.6 


67.4 

48.7 

52.3 
58.7 


37.00 


56.8 


Permanent 
Exteosioo. 


percenL 

I.I 
2.0 

3.S 
1 1.6 


4.5 


2.2 

10.2 

17.9 
22.5 


13.2 


Area  of 


98.5 
95.8 

88.1 


95.0 


96.8 
71.6 

47.5 
38.7 


63.6 


Annealed. 

Ingots,  6  inches  square. 

e 

17.34 

28.37 

61.2 

1.7 

97.8 

f 

16.55 

33.05 

51.3 

7.2 

85.0 

i 

Averages, 

11.68 

23.66 

49.5 

4.2 

94.8 

9.00 

23.57 

38.2 

18.2 

72.8 

13.64 

27.16 

50.0 

15.6 

87.6 

Hammered  Bars,  2  inches 

square. 

e 

21.20 

38.42 

55.2 

5.5 

91.9 

f 

20.67 

40.99 

50.4 

12.7 

54.0 

i 

Averages, 

16.30 

31.60 

51.6 

191      1 

42.4 

14.78 

25.15 

58.7 

22.2     1 

1 

35.9 

18.24 

34.04 

54.0 

14.9 

56.0 
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le  No.  ao9. — Facsrsta  Steel  Hammered  and  Rolled  Bars — 
CouPARATivE  Tensile  Strength,    1873. 

H  A  UHSKE  D —  UNANNEALED. 


iifVuk«.Dcgna 

Elulic  Slrcnglb 

in  tDD>  ptr 
KHmreincli. 

Ratio  of  Ekuic 

&=• 

:b  square  bars. 

i 

I 

'...   27.4s    - 
...    17.32    ■- 
...    12.63    .. 

...     39.49     ....■■      87.S      ... 

...    3[.29    ......     55.4     ... 

...     25.28     ...1...      50.2      ... 

.4  ... 
...       2.3     ... 

...     25.2     ... 

veragw, 

...    19.IS    ...]...    32.02    ...[...     64.4     ... 

.-       9.3     ■.■ 

ch  square  bars. 

Ji 

t 

'...    43.0s    -■■.    60.59    ... 

...    34.96    ......    42-84    - 

[...    25.67    ...j...    3"!    .. 

...      69.4      ... 
...      51.6      ... 

...     79-7     - 

...  16.0  ... 
...     lai     ... 

-^rages, 

...    34.33    -Y-    4S-21    ...j...     66.9     ... 

...     ia6    ... 

:h  square  bars. 

k 
I 

Hammkrb 
...    2a8s    .,. 

:::  W^  :. 

D— Annealed 
...    3'.66    .. 

:::  ¥a  :: 

...     65.8     ... 
...     43.8     ... 
...     50.2     ... 

...      1.7    ... 

...  7.7  ... 
...     25.2    ... 

'erages, 

...  15.6.  .. 

...    29.34   .- 

...     52.9     ... 

...     it.5     ... 

ch  square  bars. 

k 

I 

...  31.12  ... 
...  21.34  ■■■ 
...  14.34  ■■ 

...    54.93    .. 
...    36.66   .. 
...    35.39   .. 

...     56.8     ... 
...     58.3     ... 
...     56..     ... 

...  8.3  -.- 
...  7.7  ... 
...     12.6     ... 

I'crages,  

...  22.23  ■■ 

-    38.99   - 

...     57.0     -. 

...      9.5     ... 

:h  square  bars. 

k 

I 

Rolled— Unann  BALED. 

-  36.87    33-7S    ■■■■■■     79-6     ... 

-  "3-57    37.85    ......     487     - 

-  10-33    33.64    ■.{■■     43-2     ... 

:::  4  ::: 

verages, 

...    16-89    38.4.    ..-I-.     S7.3     - 

...  .1.4  ... 

ch  square  bars. 

k 

I 

...    35.09    59.82    ...1...     56.2     ... 

-■    3089    4050    ..-'...     S'-6     ... 

-.■    15.09    37.13    -I".     5S.6     ... 

...  7.3  ... 
...  16.0  ... 
...  32.2  ... 

verages, 

-    33.69    42-48    ......     S4-4     - 

...  15.2  ... 
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Table  No.  209  {coniinuetl). 


Rolled — Annealed. 


Bars  of  Various  Degrees 
of  Hardness. 

Elastic  Strength 

in  tons  per 

square  inch. 

Breaking  Weight 

in  tons  pa- 

square  inch. 

f 
Rado  of  Elastic 

to 
Breaking  WeigiiL 

■ 

Knram. 

3-inch  square  bars. 

• 

t 

k 
I 

Averages, 

tons. 

...     19.78     ... 
...     12.^2     ... 
...      IO.Z2     ... 

tons. 

...      32.55     ••• 
...     20.07     ... 
...     23.64     ... 

percent. 
60.7       ...' 

...         i^S.O          ...1 

...     47*/      *** 

perccBL 
2j0     .m 

3*"     ••• 
26/)     ... 

...      I4.II      ... 

...      27.69     ... 

...     ^ 1 .4     . « .  ■ 

10.6    ... 

^-inch  square  bars. 

k 

I 

Averages, 

1 

...     28.93     ••• 
...      18.39     ... 
...      1 2.45      .  •  • 

...      57.14     •'• 
...      35.81      ... 

...     23.50     *•• 

...      5  ^  *4      * . . 
53-0 

■  •  •            ^*9        *** 

9.8    •*• 
...     23.1    ... 

. . .     20.00     . . . 

...      3^*^2     ... 

•  •  •        Ha  •  g        •  ■  • 

1 

Third  Series  of  Experiments  on  Fagersta  SUel. 

To  compare  the  tensile  strength  of  steel  bars,  reduced  by  hammering  and 
by  rolling.  Bars  of  three  degrees  of  hardness  were  tested,  say  /,  k^  I  Of 
each  degree,  six  3-inch  square  hammered  bars  were  tested,  five  of  which 
were  reduced  by  hammering  to  2j4,  2,  ij^,  i,  and  ^  inch  square,  and 
then  turned  to  given  diameters. 

In  table  No.  209  are  given  comparative  results  for  the  3-inch  and  J^-indi 
square  bars,  hammered  and  rolled.  The  original  table  shows  that  the 
strength  was  proportionally  increased  as  the  bars  were  reduced  in  size. 

Fourth  Series  of  Experiments  on  Fagersta  SUd. 

To  test  the  tensile  and  compressive  strength  of  Fagersta  steel  plates,  of 
^,  ^,  1^,  ^,  and  f6  inch  thickness,  cut  into  strips  2^  inches  wkic 
Table  No.  210  gives  the  comparative  results  of  the  trials. 


Fifth  Series  of  Experiments  on  Fagersta  Steel. 


vs 


/^ 


s/ 


To  show  the  variations  in  results  for  tensile  strength,  arising  fh>m  difier* 

ences  in  the  form  and  prop>ortions  of  specimens. 
Two  sets  of  specimens  were  prepared  according  to 
Figs.  218;  one  set  was  10  inches  wide  and  lo 
inches  long  at  the  parallel  middle  portion;  and 
the  smaller  set  i^  inches  wide  and  4j4  inches 
^'^.lt;^::^"r^v\:^C  ^^^g  ^^  the  middle,      condensed  results  are  given 

in  table  No.  211;  and  the  results  of  the  loo-inch 
bars,  from  table  No.  210,  are  added,  for  comparison. 


^ 
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TiUcNa  210. — ^Fagersta  Steel  Plates — Tensile  and  Compressive 

Strength.     1873. 

Specimens  2}(  inches  wide,  100  inches  long. 
Tensile  Strength — Unannealed. 


X 
H 
% 
H 

Averages 


I    Screncth 
(TcoBle) 
in  tons  per 
square  inch. 


17.37 
15.89 

11.34 
12.28 
11.65 


13.71 


II 


per  oenL 

.136 

.124 

.091 

.082 

.078 


.102  or  I  in  980 


Weight  in 

tons  per 

sqaaremch. 


24.61 
24.17 
21.84 
22.39 
22.00 


23.00 


Permanent 
Extension. 


percent. 

5.21 

10.17 

20.64 

16.30 

17.95 


14.03 


Ratio 

of  Elastic 

to  Breaking 

Strength. 


percent. 
70.6 
65.7 

5>. 
S4. 

52.9 


I      59.2 


Sectional 
Area  of 
Fractnre. 


percent 
62.1 
46.3 
29.0 
38.8 

39-3 


43-1 


Annealed. 


% 

a  . 
yi 

H 

Averages 


11.92 

13.30 

11.56 
12.19 
11.25 

1  " 

,    12.04 

J096 

.098 
.096 

.088 

.088 


.093  or  I  m  1020 


20.30 

10.98 

58.7 

22.14 

16.88 

60.1 

20.86 

18.19 

55.4 

22.09 

19.15 

55.2 

21.18 

17.45 

53.  > 

21.31 

16.53 

56.5 

36.4 

32-S 
30.4 
35.7 
36.9 


34.4 


Elastic  extension  per  ton  )  Unannealed 0000744,  or  Vx3.«3s. 

per  square  inch, (  Annealed.. »• 0000772,  or  '/la^aSi 

Compressive  Strength — Unannealed. 


Piji-nts. 

Ttnckness. 


inch. 

H 
% 
H 

Averages. 


Elastic  Strength 

(Compressive) 

in  tons  per  square 

inch. 


tons. 
17.81 
16.20 
11.83 

13.30 
11.38 


14.10 


Elastic 
Compression. 


per  cent. 
.106 
.115 
.089 


.100,  or  I  in  1000 


Elastic  Compresuon 

per  ton  per  square  inch, 

b  parts  of  the  length. 


Length=i. 


.000071,  or  Vx4,«oo 


H 

Averages. 


Annealed. 

10.40  n    .063 

12.28  .088 

11.25  .083 

10.13  .074 

8.98  .066 


.075,  or  I  in  1333 


.0000707,  or  V14.143 
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Table  No.  211. — Fagersta  Steel  Plates — Tensile  Strength  as 

AFFECTED    BY    THE    FoRM   AND    PROPORTIONS    OF   THE   SPECIMENS,     ill 

Averaged  results  of  specimens  from  }i  to  }i  inch  thick. 

Unannealed. 


Spbcimbns. 


Length  =  breadth... .Figs.  218 
Length  =  3  breadths 
Length  =  44  breadths. 


n 


Elastic 

Strength 

(TensQe) 

in  tons  per 

square  inch. 


tons. 

16.05 

15.56 

13-71 


Breaking 

Weight 

m  tons  per 

square  inch. 


Ratio 

of  Elastic 

to  Breaking 

Weight. 


tons. 
26.39 
25.56 
23.00 


percent. 
60.0 
60.3 
59.2 


Permanent 


percenL 

29.7 
35.0 

14.0 


Annealed. 


Length  =  breadth. . . .  Figs.  2 1 8 
Length  =  3  breadths 
Length  =  44  breadths. 


11 


1353 
12.98 

12.04 


23.65 
23.16 
21.31 


57.0 
56.0 
56.5 


33-1 

39-3 
16.5 


V 

r 

0^ 

1 

♦ 

0 

>• 

0 

0 

>• 

0 

0 

0 

>• 

o*» 

°    , 

^ 

>• 

"\ 

0 

SixfA  Series  of  Experiments  on  Fagersta  Steel. 

To  test  the  influence  of  holes  drilled  and  holes  punched  in  sted 

plates.  Specimens  were  formed  12^  inches  widc^ 
and  otherwise  like  the  broad  specimen,  Fig.  219^ 
for  comparison.  There  were  three  rows  of  vcnX 
holes,  3  inches  apart;  and  five  holes  in  each  row 4 
2^-inch  centres.     The  holes  were  .77  inch  in  & 

&»ririSSd^n^ll  «^eter,  and  made  .77x5  =  3.85  inches  of  bUnk;  dM 

net  section  was  (12.5-3.85  =  )  8.65  inches  widCj 
or  69.2  per  cent,  of  the  total  width.  Table  No.  212  gives  some  deductiow 
from  the  reported  results. 

Table  No.  212. — Fagersta  Steel  Plates — Tensile  Strength,  with 
Rivet  Holes  when  Drilled  and  when  Punched. 

Specimens  12)^  inches  wide.     Three  rows  of  holes  .77  inch  in  diameter. 

Unannealed. 


Plates. 
Thickness. 

Reduced 

Section  in  parts 

of  the  Total 

Section. 

Drilled  Holes. 

Punched  Holes. 

Reduced 

Strength  in 

parts  of  Total 

Strength. 

Tensile 

Strength  per 

square  inch 

of  Net  Section, 

in  parts  of  that 

ofUnreduced 

Section. 

Reduced 

Strength  in 

parts  of  Total 

Strength. 

Tensile 

Strength  per 

square  inoi 

of  Net  Sectioii, 

in  partsof  ditf 

of  Unreduced 

Section. 

inch. 
% 

H 

Averages... 

percent. 
69.2 
69.2 
69.2 
69.2 
69.2 

per  cent. 

74.9 
76.6 

77.0 

78.3 
77.2 

percent. 
108.5 
III.O 
III.6 
II  3.5 
1 1 2.0 

percent. 
67.0 
68.5 
69.5 
54.8 
51.0 

percent 

97.1 

99.2 

1004 

79-4 
74.0 

69.2 

76.8 

1 1 1.3 

62.2 

90.0 
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Table  No.  212  {continued). 
Annealed. 


Reduced 

Section  in  parts 

of  the  Total 

Section. 

Drillbo  Holbs. 

PuNCHBO  Holes. 

PuTn. 

Reduced 

Strength  in 

parts  of  Total 

Strength. 

Tensile 

Strength  per 

square  inch 

of  Net  Section, 

in  parts  of  that 

of^Unreduced 

Section. 

Reduced 

Strength  in 

parts  of  Total 

Strength. 

Tensile 

Strength  per 

sqtiare  inch 

of  Net  Section, 

in  parts  of  that 

of^Unreduced 

Section. 

inch. 

a 

H 
H 
H 

percent 
69.2 
69.2 
69.2 
69.2 
69.2 

percent 
72.9 

74.5 

75.1 
77.0 

75.9 

percent 
105.7 
108.0 
108.8 

1 1 1.6 
1 10.0 

percent 
67.1 
67.8 

66.4 
69.9 

68.7 

percent 
97.1 
98.0 
96.1 

105.6 
99.2 

.Tcrages... 

69.2 

751 

108.8 

68.0 

98.6 

Unannealed.    Annealed, 
per  cent        per  cent 

A^ate. — The  average  elongation  with  drilled  holes, 14.9  18.0 

Do.  do.  punched  holes,  6.3  16.6 

Do.  do.  solid  plate, 29.7  33.1 

Seventh  Series  of  Experiments  on  Fagersta  Steel. 

To  test  rolled  steel  plates  under  bulging  stress.  The  specimens  were 
cs,  12  inches  in  diameter,  cut  out  in  the  lathe,  and  pressed  through 
aperture  10  inches  in  diameter.  The  bulger  or  ram  was  cylindrical, 
wt  5  inches  in  diameter;  and  the  preparation  for  the  trial  is  shown  in 
^  204,  page  584,  and  the  finished  article,  after  bulging,  in  Fig.  205. 

able  No.  213. — Fagersta  Steel  Plates — Resistance  to  Bulging 

Stress. 

Discs  12  inches  in  diameter;  aperture  10  inches  in  diameter. 

Unannealed. 


Stress - 

-Bulging  in 

inches. 

1 

Ultimate. 

Disc 

Effect 

Thickness. 

Lbs., 
35,000. 

Lbs., 
100,000. 

Lbs., 
aoOfOoa 

Bulge. 

Stress. 

indi. 

inches. 

inches. 

inches. 

inches. 

tons. 

X 

1.86 

—m 

3.00 

14.50 

buckled 

X 

1.09 



3.1 1 

31-94 

uncracked 

H 

.89 

2.68 



3.22 

46.92 

ti 

H 

.68 

1.93 



3-33 

71.83 

v 

H 

.44 

1.61 

2.77 

3.44 

97.90 

>» 

Annealed. 


M 
H 
H 


2.25 

— 

— 

304 

11.53 

1.32 

— 

— 

3-12 

26.77 

•94 

3.23 

4367 

73 

2.06 

— 

3.34 

67.28 

1.72 

3-H 

3.45 

90.09 

1 

buckled 
uncracked 


99 

79 
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Siemens-Steel  Plates  and  Tyres.     1875. 

A  number  of  steel  plates  manufactured  to  the  specification  of 
Admiralty,  by  the  Landore  Siemens-Steel  Company,  were  tested  for 
Company  by  Mr.  Kirkaldy. 

By  the  terms  of  the  specification,  it  was  required  that  the  uldi 
tensile  strength  should  be  not  less  than  26  tons,  nor  more  than  30 
per  square  inch,  with  an  extension  of  20  per  cent,  in  a  lengdi  of 
inches.  Strips  cut  lengthwise  of  the  plate,  i^  inches  wide,  heated 
formly  to  a  low  cherry-red  heat,  and  cooled  m  water  at  82®  R,  woe 
sustain  bending  double  in  a  press,  to  a  curve  of  which  the  inner 
was  to  be  one-and-a-half  times  the  thickness  of  the  plate.  Abstndi 
the  results  of  the  tests  for  tensile  strength  are  given  in  table  No.  21} 
together  with  tests  for  the  tensile  strength  of  steel  tyres.  Twelve  spedmeai 
of  the  plates  of  the  2d  series  in  the  table,  were  tested  for  bending,  tengtk 
wise  and  crosswise,  between  supports  at  10  inches  apart  All  the  ^^edmeai 
bore  the  test  uncracked. 

Plates  of  various  thicknesses  were  tested  for  resistance  to  bulging  strea 
12-inch  discs  having  been  forced  through  lo-inch  apertures,  in  ±einannc 
before  described,  page  584.  All  the  plates  bore  the  test  without  crackinj 
Particulars  are  given  in  table  No.  214. 

Two  steel  tyres,  of  which  the  tensile  strengths  were  tested  (3d  seiifi 
table  No.  215),  were  respectively  43  and  37  inches  in  diameter,  and  2.3 
and  2.10  inches  in  thickness.  They  were  collapsed  under  transren 
pressures  of  42.22  and  52.16  tons;  so  that  opposite  sides  of  the  hoc 
were  pressed  into  contact  with  each  other.  The  larger  tyre  buist  at  01 
of  the  bends;  the  smaller  remained  unbrokerL 


Table  No.  214. — Siemens-Steel  Plates — Resistance  to 

Bulging  Stress.     1875. 

Discs  12  inches  in  diameter,  pressed  into  lo-inch  apertures. 
(Reduced  from  Mr.  Kirkaldy's  Reports.) 


Thickness  of  Plates. 

Stress. 

Bulging  in  inches. 

Ultimate. 

Effbcts. 

lb. 

lb. 

lb. 

Bulge. 

Stress. 

2S,ooa 

100,00a 

900,000. 

inch. 

inch. 

inches. 

inches. 

inches. 

tons. 

Unannealed. 

.37 

.42 

I.7I 

3.15 

63.750 

uncracked 

71 

.05 

1.09 

1.96 

3.48 

1 45. 500 

do. 

Annealed. 

.37 

.67 

2.02 

3-17 

60.357 

uncracked 

.41 

.S6 

1.84 

3.22 

68.191 

do. 

41 

.59 

1.89 

— 

3.23 

68.080 

do. 

.50 

.29 

1.45 

2.79 

3.31 

101.920 

do. 

.62 

.15 

1.40 

2.51 

3.38 

115. Ill 

do. 

.70 

.10 

1.26 

■ 

2.18 

342 

123.260  • 

do. 
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Table  No.  215. — Siemens-Steel  Plates — Tensile  Strength. 

From  .37  to  .71  inch  in  thickness. 

(Reduced  from  Mr.  Kirkaldy's  Reports.) 

Series  i.    Plates  of  Different  Thicknesses. 


1875. 


and  Thickness 
Plates. 


LENGTHWAY.     inch. 

UnanneaUd,,,,  .37 
Do 71 


Means 


AntuaUd 37 


Do. 
Do. 
Do. 
Do. 
Do. 


.40 
.40 
.50 
.62 
.70 


Averages. 


Elastic 

Strength 

per  square 

inch. 

Ultimate 

Strength 

persouare 

inch. 

Ratio  of 
Elastic  to 
Ultimate 
Strength. 

tons. 

15.446 
13.572 

tons. 

32.535 
29.870 

percent. 
47.4 

45-4 

14.509 

31.202 

46.4 

Extension. 


At  60,000 
lbs.  per 
sq.  inch. 


percent 


Ultimate. 


4.50 
6.75 


percent 
22.3 
24.5 


5.62     I      23.4 


14.062 

13.929 

13.303 
13.125 

1 1. 741 
10.937 


12.848 


30.143 

29.647 
29.491 

29.388 

27.595 
26.821 


28.848 


46.6 
46.9 

45-1 
44.6 

42.5 
40.7 


44.4 


8.00 
8.08 
8.50 
8.66 
13.80 
17.72 


10.79 


24.8 
21. 1 
24.8 
26.4 

25.5 
25.0 


24.6 


Sectional 

Area  of 

Fracture. 


per  cent. 
62.5 
55.3 


58.9 


56.9 

55.3 
61.5 

55.5 
56.7 

54.5 


56.8 


Crossway. 
Vnannealed,...  ,yj 
Do 71 


Means 


15.314 
13.571 


14.442 


32.442 
30.062 


47.2 
45.1 


31.250 


46.1 


4.52 
7.07 


5.79 


22.4 
24.7 


23.5 


Annealed 37 


Do. 
Do. 
Do. 
Do. 
Do. 


.40 

.42 

•52 
.62 
.70 


Averages. 


13.928 

29.856 

46.6 

9.39 

26.4 

13.840 

29.875 

46.3 

9.07 

26.3 

13.393 

29.366 

45.6 

7.81 

20.4 

13.303 

29.705 

44.8 

8.50 

20.2 

II.74I 

27.040 

43.4 

16.61 

22.7 

;   10.937 

26.885 

40.6 

17.30 

26.0 

1 

'   12.856 

28.788 

44.5 

11.44 

23.6 

62.5 

56.4 


59.5 


53.4 
50.4 

61.0 

53.3 
64.7 

49.3 


59.1 


Series  2.     Plates  Annealed,  and  Hardened. 


Annealed 64 

Do 62 


Means 


— 

25.483 

26.996 

24.1 
20.2 

26.240 

22.2 

1 

Hardpted: — 
Gierry-red,and  ^ 
cooled  in  water  >.64 

at  82°  F ) 

Do 62 

Means 


1 

1 

28.867 
29.036 

— 

• 

22.4 
18.0    i 

28.951 

1 

20.2    1 

ii 

47.5 
51.3 


49-4 


50.7 

54.S 
52.1 
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Table  No.  215  (continued). 
Series  3.    Tvres. 


EXTKNSION. 

\ 

Elastic 
Strength 

Ultimate 
Strength 

Ratio  of 
Elastic  to 

t»--^'-- « 
dccmm 

Diameter 

'                    1 

1 

of  Specimens. 

per  square 
incn. 

per  sauare 
inch. 

Ultimate 
Strength. 

At  60,000 
lbs.  per 

Ultimate. 

Aietci   ■■ 

^— 1 

sq.  inch. 

I 

inches. 

tons. 

tons. 

percent 

percent. 

percent 

per  cot 

s 

1st  Tyre,  specimen. 

1 

i 

1. 511 

17.098 

29853 

57.2 

6.58 

18.8 

SS^ 

1. 511               ' 

17-321 

30.800 

56.2 

6.20 

23.6 

51-9 

2d  Tyre,  specimen.   1 

1. 511               1 

18.482 

30.083 

61.4 

6.48 

^7-7 

S8.8 

1. 511 
Averages 

18.840 

31.075 

60.6 

5.59 

16.9 

704 

17.935 

30.453 

58.8 

1 

6.21 

19.2    1 

1    59-2 

Whitworth's  Fluid-compressed  Steeu' 

On  Sir  Joseph  Whitworth*s  system  of  treatment,  a  pressure  of  6  tons  per 
square  inch  is  applied  as  quickly  as  possible  to  melted  steel,  after  it  is  taken 
from  the  furnace.  A  column  8  feet  high  is  reduced  i  foot  in  height  in  the 
course  of  fi\t  minutes. 

Specimens  for  testing  tensile  resistance  are  cylindrical,  formed  as  in 
Fig.  225;  the  central  portion  has  a  sectional  area  of  ^'^  square  inch,  being 


Figs.  220,  221.— Whit  worth's  Fluid-Compressed  Steel — Test  Specimens. 

.798  inch  in  diameter,  and  has  length  of  2  inches,  or  2^  diameters.  The 
upper  and  lower  portions  are  screwed,  and  are  seized  by  nuts.  The  usual 
appearance  of  broken  specimens  is  shown  at  Fig.  221. 

Table  No.  216  gives  results  of  tests  for  the  tensile  resistance  of  fluid- 
compressed  steel,  and  of  the  purest  and  best  irons  made  in  England. 

Sir  Joseph  Whitworth  states  that  he  can  produce,  with  certainty,  by  com- 
pression, steel  having  40  tons  ultimate  strength,  with  30  per  cent  ductilit)'. 
In  relation  to  this,  Mr.  F.  W.  Webb  says  that  he  has  no  difficulty  in  pro- 
ducing a  mild  cast  steel  having  30  to  32  tons  ultimate  strength,  and  33  01 
34  per  cent,  ductility. 

Sir  Joseph  Whitworth  considers  that  there  is  no  need  for  more  than  3c 
per  cent,  of  ductility ;  \vith  this  proportion,  steel  tears  when  ruptured,  and 
does  not  fly  to  pieces. 

He  expresses  the  value  of  steel  by  the  sum  of  the  tensile  strength  in  tow 
per  square  inch,  and  the  ductility  in  percentage  of  the  length,  found  bj 
fracturing  specimens  of  the  form,  Fig.  220.  Thus,  for  steel  of  40  toni 
strength,  and  30  per  cent,  ductility,  the  resultant  value  is  (40  +  30  = )  70. 

*  The  materials  for  this  notice  are  derived  from  the  Proceedings  of  the  Institution  6, 
Mechanical  Enginetrs^  1 875,  page  268. 
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No.  216. — ^Whitworth's  Fluid-compressed  Steel,  and  Best 

Irons — ^Tensile  Strength. 

I.  Fluid-compressed  Steel. 


r  Dtttinguishtng 
s  for  Groups. 


[os.  I,  2,  3*«** 


^05.  I,  2,3... 


,  Nos.  1,2,  3, 

,  Nos.  I,  2,  3, 

1  alloy  with  ) 
fsten ) 


Ultimate 

Tensile 

Strength 

per  square 

inoi. 


toas. 


40 


48 
58 

68 
72 


Ductility, 

or 
Elongation. 


percent 
32 


24 


17 
10 
14 


Uses  to  which  the  Steel  is  applicable. 


Axles,  boilers,  connecting  rods, 
cross-heads,  crank-pins,  hydraulic 
cylinders,  cranks,  propdler  shafts, 
nvets,  tyres,  &c. 

Cylinder  linings,  slide-bars  for  loco- 
motives, shafting,  couplings,  drill- 
spindles,  eccentric  -  shaiis  for 
punching  machines,  large  swages, 
nammers,  &c. 

Large  planing  and  lathe  tools,  large 
shears,  drills,  smiths'  punches,  dies 
and  taps,  small  swages,  &c. 

Boring  tools,  finishing  tools  for  plan- 
(      ing  and  turning. 

For  particular  purposes. 


s 

1 


^olf. — In  each  group  No.  i  is  most  ductile,  No.  3  least  ductile. 


2.  Iron. 


Ultimate  Tensile  Strength. 

Elongation. 

ESCXIPTION. 

Several  Specimens. 

Averages. 

Several  Specimens. 

Averages. 

JGHT  Iron. 
ire 

tons  per  square  bch. 
\  31,  30.  29,  27,  ) 

\  27,  26.8,  26.8  3 

27,  24.8 

27,  26.8,  26,  25 

25,  24,  24,  24,  20 

26,  24,  24 

tons. 

28.3 

25.9 
26.2 

234 
24.7 

percent 

\  23,  22,  31,  41,  ) 
(  22,  43,  42            J 

39,40 

39,  40,  41,  38 
35,  39,  34,  33,  15 
30,  35,  28 

percent 
32 

39-5 

395 
31.2 

31 

or 

mptonshire... 

Ishire 

>udley  Ward). 

Tacres 

25.7 

34.6 

ST  Iron. 

(13,  12,  II,  II,) 
(  10,  9.5,  7         ) 

10.5 

( .90, 1. 10, 1.00, ) 
J. 65,  .75,.  1 2,. 50  J 

.72 
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CHERNOFFS  EXPERIMENTS  ON   STEEL  * 

Steel,  when  cast  and  allowed  to  cool  quietly,  assumes  a  crystalline 
ture.     The  higher  the  temperature  to  which  it  is  heated,  the  softer  it 
comes,  and  the  greater  is  the  liberty  its  particles  possess  to  group  the 
into  crystals. 

Steel,  however  hard  it  may  be,  will  not  harden  if  heated  to  a  temj 
lower  than  what  may  be  distinguished  as  dark  cherry-red  (temperature  i 
however  quickly  it  is  cooled;  on  the  contrary,  it  will  become  sensibly i 
and  more  easily  worked  with  the  file. 

Steel  heated  to  a  temperature  lower  than,  say,  red  but  not  spaiUflf] 
(temperature  b),  does  not  change  its  structure  whether  cooled  qmcUyorl 
slowly.  When  the  temperature,  in  rising,  has  reached  ^,  the  substance  cC]^ 
steel  quickly  passes  from  the  granular  or  crystalline  condition,  to  the  ^saatA 
phous,  or  wax-like  structure,  which  it  retains  up  to  its  melting  point  (twj 
perature  c). 

The  points  a^  b,  and  r,  have  no  permanent  place  in  the  scale  of  ten^ 
ature,  but  their  positions  vary  with  the  quality  of  the  steel;  in  pure  stedi 
they  depend  directly  on  the  quantity  of  constituent  carbon.  TTie  haidff 
the  steel,  the  lower  the  temperatures.  The  tints  above  specified  hue 
reference  only  to  hard  and  medium  qualities  of  steel;  in  the  veqr  «olk 
kinds  of  steel,  nearly  approaching  to  wrought  iron,  the  points  a  vAh 
range  very  high,  and  in  wrought  iron  the  point  b  rises  to  a  white  hcaL 

The  assumption  of  the  crystalline  structure  takes  place  entirely  in  cooiiof 
between  the  temperatures  c  and  b]  when  the  temperature  sinks  below  # 
there  is  no  change  of  structure.  For  successful  forging,  therefore,  the 
heated  ingot,  after  it  is  taken  out  of  the  furnace,  must  be  forged  as  quickly 
as  possible,  so  as  not  to  leave  any  spot  untouched  by  the  hammer,  where 
the  steel  might  crystallize  quietly,  but  that  the  formation  of  crystals  should 
be  hindered,  and  that  the  steel  should  be  kept  in  the  amorphous  condition 
until  the  temperature  sinks  below  the  point  b. 

Below  this  temperature,  if  the  piece  be  left  to  cool  in  quiet,  the  mass  will 
no  longer  have  a  disposition  to  crystallize,  but  will  possess  great  tenacity  and 
homogeneity  of  structure. 

When  steel  is  forged  at  temperatures  lower  than  by  its  crystals  or  grains, 
being  driven  against  each  other,  change  their  shapes,  becoming  elongated 
in  one  direction  and  contracted  in  another;  whilst  the  density  and  the 
tensile  strength  are  considerably  increased.     But  the  available  hammer- 
power  is  only  sufficient  for  the  treatment  of  small  steel  forgings;  and  Ae 
object  of  preventing  the  coarse  crystalline  structure  in  large  forgings  is 
more  easily  and  more  certainly  effected,  if,  after  having  given  the  foiging 
the  desired  shape,  its  structure  be  altered  to  the  homogeneous  amorphous 
condition  by  heating  it  to  a  temperature  somewhat  higher  than  b^  and  the 
condition  be  fixed  by  rapid  cooling  to  a  temperature  lower  than  b.    The 
piece  should  then  be  allowed  to  finish  cooling  gradually,  so  as  to  prevent, 
as  far  as  possible,  internal  strains  due  to  sudden  and  unequal  contraction. 

*  Abstracted  from  Remarks  on  the  Manufacture  of  Steel ,  and  the  Mode  of  Working  it,  by 
D.  Chemoff,  1868;  translated  by  Mr.  William  Anderson,  C.E.,  1876.  Mr.  Anderson 
has  conferred  a  substantial  favour  upon  the  steel- manufacturing  and  steel* consuming  com- 
munity  by  the  translation  and  circulation  of  this  valuable  document. 
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Strength  of  Steel  Wire. 

Dr.  Pole  states  that  music-wire  has  a  resistance  equal  to  90  tons  per 
iqaare  inch. 

Mr.  Roebling  states  that  steel  wire  has  been  manufactured  which  would 
east  a  tensile  stress  of  300,000  lbs.,  or  134  tons,  per  square  inch;  but 
lot  in  large  quantity. 

Steel  wire,  No.  14  W.G.,  or  .085  inch,  about '/«  inch,  in  diameter,  made 
r  purposes  of  steam-ploughing,  has  a  tensile  resistance  of  from  2000  lbs. 
1 2240  lbs.,  equivalent  to  from  160  to  175  tons  per  square  inch. 

Shearing  Strength  of  Steel. 

The  ultimate  resistance  of  steel  to  shearing  stress  varies  from  69  to  78 
r  cent,  of  the  ultimate  tensile  strength  per  square  inch  of  section.  Mr. 
rkaldy  found,  for  16  specimens  from  a  bar  of  rivet  steel,  an  average  of 
.5  per  cent;  and  the  same  for  12  specimens  of  Fagersta  steel.  Mr.  J.  T. 
lith,  in  an  article  hereafter  noticed,  states  that  the  force  required 
punch  a  hole  J^  inch  in  diameter  through  the  ^-inch  webs  of  Bessemer 
tl  rails  varied  from  46^  tons  to  82)^  tons,  according  to  the  hardness  of 
;  rail.  When  a  taper  of  V16  inch  was  allowed  in  the  hole,  the  shearing 
dstance  to  punching,  per  square  inch  of  surface  cut  through,  was  such  as 
average  70.14  per  cent,  of  the  tensile  strength  for  the  softer  steels,  and 
.5  per  cent  for  the  harder  steels. 

Upon  the  whole,  an  average  of  7  2  per  cent  of  the  tensile  strength  may 
;  accepted  as  the  shearing  resistance  of  steel. 

Transverse  Strength  of  Steel  Bars. 

The  instances  of  tests  for  the  transverse  strength  of  steel,  detailed  in 
"evious  pages,  are  resumed  below,  showing  the  dimensions  of  specimens, 
ith  their  average  ultimate  tensile  and  transverse  strengths.  The  transverse 
rengths,  also,  are  calculated  from  the  tensile  strength  by  formula  (  i  ), 
ige  507,  and  entered  in  the  second  last  column  of  the  table.  The 
rmula  is. 


^^i.i55j"i's (,) 


W  =  the  breaking  weight  at  the  middle,  in  tons. 
/,  /  =  the  breadth,  depth,  and  span,  in  inches. 
s  =  the  ultimate  tensile  strength,  in  tons  per  square  inch. 

Take  the  first  example  in  the  table: — 1.75  inches  square,  25-inch  span, 
r.27  tons  tensile  strength. 

W  =  — ^ *-^ ^ '-  =  7.00  tons. 

Actual  weight  applied  =  7.35  tons  (uncracked). 

These  steels  show  a  still  closer  correspondence  of  the  calculated  to  the 
tual  strengths  than  was  shown  by  the  wrought  irons,  page  589.  Natiually, 
e  transverse  strength  for  uncracked  specimens,  as  calculated  above,  is 
mewhat  greater  than  the  observed  strengths,  since  the  strength  was  not 


6i8 


THE  STRENGTH  OF  MATERIALS. 


exhausted  by  actual  fracture.  The  averages  are  practically  identical,  and 
the  identity  of  the  calculated  with  the  experimental  strengdis,  is  a  natnul 
consequence  of  the  homogeneity  of  the  material 


• 

Number  and  Description 
of  Specimens. 

Section. 

Span 

Ultimate  Strength. 

Emm, 

Breadth. 

Depth 

TensUe, 
per«q. 

Transverse. 

inch. 

inch. 

mch. 

1 

raf^JhtlH 

AOoaL  1 

■ 

inch. 

tons. 

tons. 

tons. 

4,  Hematite,  page  595, 
8,  Krupp,  "Jeddo,'*^ 

page  596 

4,  Krupp,  **  Sultan," 

page  596, 

18,  Bessemer,  p.  599,... 

II,  Crucible,  p.  599,... 

1-75 
1.50 

1.75 
I.9I 

!2s 

1 
10 

32.27 
42.07 

7.99 
26.59 

7.35 
27.14 

uncracked. 
fractured. 

1.37 
1.90 

1.90 

1.76 
1.90 

1.90 

1 
10 

20 
20 

41.18 
33.34 

36.30 

20.19 
13.24 

14.38 

21.31 
12.74 

15.04 

1  fractured. 

i  uncracked. 
1  (  uncracked  it 
!]         most 
r      instanceL 

4,  Fagersta,  p.  604,  ... 
Averages,.. 

1.90 

1.90 

20 

39.16 

15.51 

15.61 

half  fractand, 

DfluB  ttOCVSCBBOL 

16.32 

16.53 

The  general  formula  (  i  )  may  be  adapted  for  steels  of  a  particular  tensflc 
strength,  by  substituting  for  (i.  155  j)  its  numerical  value.  Thus,  for  steel 
of  30  tons  tensile  strength,  1. 155^  =  1. 155X  30  =  34.6;  and 


Ultimate 
Tensile  Strength. 

tons. 


30 
32 

34 

35 

36 

38 
40 


^V-34.6  hd 


Coefficient 
(«.»S5*) 

•  34.6 

•  37.0 

•  39-3 

•  40.3 
.  41.6 

.  43-9 
46.2 


(») 


Ultimate 
Tensile  Strength. 

tons. 


42 

44 

45 
46 

48 
50 


Coefficient 
(».i5Sf- 
.    48.5 
.    508 
.    52.0 

.  53-1 

•  55-4 

•  57.8 


Rule. — To  find  the  Ultimate  Transi^erse  Strength  of  /Rectangular  Sted 
Bars, — Multiply  the  breadth  by  the  square  of  the  depth,  and  by  the  coeffi- 
cient (1.155  s)y  corresponding  to  the  ultimate  tensile  strength,  and  divide 
by  the  span.  The  quotient  is  the  breaking  weight  in  tons,  applied  at  the 
middle. 

JVote. — To  find  the  coefficient  for  any  other  tensile  strength,  not  given 
above,  multiply  the  given  tensile  strength  by  1.155. 

Transverse  Deflection  of  Steel  Bars. 

For  want  of  data,  it  is  assumed  that  the  deflection  of  steel  bars  is  to  that 
of  iron  bars  of  the  same  dimensions,  in  the  ratio  of  their  extensibilitiesi 
or  inversely  as  their  coefficients  of  elasticity.  From  the  results  of  experi- 
ments on  iron  and  on  steel  rails,  it  appears  that  the  coefficients  are  practi- 
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cally  as  11  to  13.  Increasing,  therefore,  the  numerical  coefficients  for 
wrought-iron  bars,  in  formulas  (  5 )  and  (  6  ),  page  590,  in  this  ratio,  the 
following  formulas  are  deduced : — 

Elastic  D^UcHon  of  Uniform  Bars  of  Steel,  loaded  at  the  middle, 

(  3  ) 


Square  bars, D  = 

Round  bars, D  = 


56,000  h  d^ 
38,000  d*" 


(4) 


D  =  the  deflection,  b  the  breadth,  d  the  depth,  /  the  span,  all  in  inches; 
W  =  the  weight,  in  tons. 

Torsional  Strength  of  Steel  Bars. 

The  torsional  resistances  of  steel,  already  recorded,  are,  with  the  ultimate 
tensile  and  shearing  strengths,  resumed  below,  and  the  calculated  resistances, 
by  formula  ( i  ),  page  534,  are  added  in  the  second  last  column.  The 
shearing  strength  is  taken  at  72  per  cent,  of  the  tensile  strength,  as  was 
settled,  page  617.  The  torsional  stress  was  applied,  in  the  following 
experiments,  at  the  end  of  a  1 2-inch  lever.     The  formula  is, — 

W=±7^ (5) 

W  =  the  breaking  stress  in  tons. 
h  -  the  shearing  strength  in  tons  per  square  inch. 
d-  the  diameter  in  inches. 
R  =  the  radius  of  the  force  in  inches. 
WR=  the  moment  of  the  force,  in  statical  inch-tons. 

Take  the  first  example  in  the  table  below: — i^  inches  in  diameter,  25.21 
tons  shearing  strength,  and  a  1 2-inch  radius : — 


A^&^c*r^ftAAK     &V/<  \^^,      L/ T      t\7J««.l«.»J 

12 

*."t*  *•'-'" 

0. 

1 

Devnption,  and  Number  of  Speamens. 

1 

'  Diameter. 

1 

Ultimate 

Strength. 

1 

Ultimate  Torsional     i 
Force, 

1 

1 

Tensile. 

1 

Shearing. 

tons. 
25.21 

say  72% 

27.42 
35.60 

31.99 
20.28 

28.82 

Calculated. 

Actual. 

i.  Hematite, pacre  w;. 

inches. 
1.25 
1.25       i 
1. 128 
1     1.382 
1.382 
1. 128 

:  1. 128 
1. 128 

j  1. 128 
1. 128 

tons. 

32.27 

41.18 

42.07 

33.43 
36.30 

38.04 

47.60 

45.82 

27.37 

39.  >6 

1 

tons. 

1. 141 

1.342 
1.007 

1.472 

1.599 
.912 

1. 184 

1.064 

.674 

.958 

tons. 
1.030 
1.280 
1.068 
1.470    ' 
I.61O 
.946 

1.043 
1.009 

.679    ■ 
.919 

4,Knipp,  "Jeddo,"      „     596, 

4,  Krupp,  "  Sultan,**     „     596, 

18.  Bessemer ,    600, 

11,  Crucible, „    600, 

1  3,Fagersta,  /i, „    604, 

3,      Do.        b, „    604, 

3,      Do.        r, „    604, 

3»      Do.        d, „    604, 

12.  Do.        averacre 

Avenures  of  all. .  r  t  t  , 

I- 1 35 

1. 105 
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The  results  of  experiment  and  of  calculation  show  a  dose  conespondenct 

When  the  shearing  strength  is  not  known  experimentally,  substitnte 

.72  5,  or  72  per  cent  of  the  tensile  strength  s,  for  A  in  the  fonnola;  and 

W  =  -'J^x-J^^'^  or 

Ultimate  Torsional  Strength  of  Steel  Bars. 
,2od^s    d^s 

"SR" 


w= 


R 


(6) 


When  the  tensile  strength,  Sy  is  30  tons,  then  —  =6,  and 


R 


-V 


WR 


(7) 
(8) 


Generally,  for  tensile  strengths  of  from  30  to  50  tons,  the  values  of  the 
numerical  coefficients  in  formulas  (  7  )  and  (  8  ),  are  as  follows : — 


Tensile  Strength, 
tons. 

30  .... 

32  .... 

34  •.. 

35  ••• 

36  .... 
38  .... 
40  .... 


Coefficient  Tensile  Strength. 


(.ao  *.) 

tons. 

6 

4* 

6.4 

44 

6.8 

45 

7 

46 

7-2 

48 

7.6 

so 

8 

CocnocBL 

(.ao<\ 
.      8.4 

.     8.8 

•     9 

.     9.2 

.     9.6 
10 


Elastic  Torsional  Strength  of  Steel  Shafts, 

Hematite  steel 41.5  per  cent,  of  ultimate  strength. 

Krupp,  "Jeddo" 38.4 

Krupp,  "Sultan" 47.3 

Bessemer 44.6 

Crucible 42.5 

Fagersta  (average) 50. 2 


1 


Average 44.  i  per  cent. 

Elastic  Torsional  Shearing  Stress  and  Deflection  of  Steel  Bars. 
The  elastic  shearing  stress  h^  is  found  by  formula  ( 3  ),  page  535. 


//  = 


WR 


(9) 


.278  d^ 
For  Hematite  steel,  for  example,  page  595,  W  R  =  .428  tonx  12  inches = 

5. 136,  the  moment  of  the  force,  and  //  =  — |^— ^ ^  =  9.46  tons  per  square 

inch,  the  elastic  limit  of  shearing  stress.     The  coefficient  of  torsional  elas- 
ticity, E',  as  defined  at  page  536,  is  found  by  formula  (  12  ),  page  537:— 

^,        W  R  /  .428x12x10  r     tj        *-•*     *    1 

E  =  -A jT^  =  -^ : s  =  3012,  for  Hematite  steel 

.873rt^*D     .873  X  1.25* X. 008    ^ 


STRENGTH  VARIES  WTTH  CONSTITUENT  CARBON. 
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For  tbe  several  steels,  the  elastic  shearing  stress  and  coefficient  of  elas- 
iy,  calculated  in  the  same  way,  are  as  follows : — 


Steels. 

Specimens. 

Diameter  and 

Length  for 

Observation. 

Elastic 

Shearing 

Stressper 

square  inch. 

Coefficient 

of 
Elasticity. 

Hematite, page  595 

Krupp,  "  Jeddo," „     596 

Krupp,  "Sultan,"....    „     596 

Bessemer, „    600 

Crucible, „    600 

Fagerstaa, «...    „    604 

Do.       ^,  „    604 

Do.       c.  ..    604. 

inches,      inches. 
1.25    X  10 
1.25    X  2.5 
1.128x2.256 
1.382  X  II 
1.382  X  I  I 

1.128x9 
1.128x9 
1.128x9 
1.128x9 
1.128x9 

tons. 
9.46 
10.85 

13.95 

10.73 
II. 19 

15.25 

15.10 

14.56 

10.25 

13.77 

E' 

3012 

1382 

865 

2472 
2025 

Do.       d,  „    604 

Do.      average, „    604 

hnitting  the  coefficients  of  elasticity  for  the  "  Jeddo  "  and  the  "  Sultan," 
he  specimens  were  very  short,  the  average  of  the  remaining  three  co- 
ients  is  2503;  and  the  value  of  .873  E'  in  formula  ( 10),  page  537,  is 
3  ^  2503  =  )  2185;  say  2200.     Whence,  by  substitution: — 


Elastic  Torsional  Deflection  of  Steel  Bars. 

WR/ 


D  = 


2200^* 


(10) 


D  =  the  total  angular  deflection  in  parts  of  a  revolution. 
W  =  the  twisting  force  in  tons. 
R  =  the  radius  of  the  force  in  inches. 
W  R  =  the  moment  of  the  force  in  statical  inch-tons. 

/=  the  length  of  the  shaft  under  torsional  stress  in  inches. 
d=  the  diameter  of  the  shaft  in  inches. 


ENGTH  OF  Steel  Relatively  to  the  Proportion  of  Constituekt 

Carbon. 

[r.  F.  W.  Webb  produces  steel  for  boiler  plates  having  a  tensile  strength 
8  tons  per  square  inch,  and  containing  '/sth  per  cent,  of  constituent 
on. 

T.  T.  E.  Vickers  tested  the  tensile  strength  of  steel  of  various  degrees  of 

onization,  ranging  from  No.  2,  having  0.33  per  cent.,  to  No.  20,  having 

per  cent  of  carbon.^     The  specimens  were  turned   to   i   inch  in 

leter,  and  to  a  length,  for  observation,  of  14  inches.     The  results  of  the 

are  given  in  table  No.  217. 

lie  table  shows  that  the  tensile  strength  of  steel  is  increased  by  the 
tion  of  carbon,  until,  with  1  ^  per  cent.,  it  amounts  to  69  tons  per 
re  inch.     The  elongation  is,  at  the  same  time,  reduced.     But,  beyond 

ee  Mr.  Vicker?'  paper  on  the  **  Strength  of  Steel "  (Proceedings  of  the  Institution  of 
mieal  Engineers^  i86x,  page  158). 
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the  last  degree  of  carbonization,  i}(  per  cent,  the  steel  becomes  graduaBf 
weaker,  until  it  reaches  the  form  and  strength  of  cast  iron. 

Table  No.  217. — Tensile  Strength  of  Steel  Containing  Different 

Proportions  of  Carbon. 

Mr.  T.  Edward  Vickers. 


Description  of 
Steel. 

Proportion  of 
Carbon  I 

Breaking 
Weight  per 

1 
Elongation. 

1 

(approximate). 

square  inch. 

1 

per  cent. 

tons. 

inches. 

J 

No.    2 

...         .33       ..• 

...       30.4      ... 

...  1.37,  or  9.8  per  cent 

' 

No.    4 

...         .43       - 

...      34.0      ... 

...1.37,  or  9.8      „ 

1 

No.    5 

...         .48       ... 

...      37.5       ... 

...  1.25,  or  8.9      „ 

No.    6 

...         .53       ... 

...      42.5       ... 

...  1.12,  or  8.0      „ 

No.    8 

...         .63       ... 

...      45.0      ... 

...  I.OO,  or  7.1       „ 

No.  10 

...         .74       ... 

i...    45.5    ... 

...     .69,  or  5.0       „ 

« 
4 

No.  12 

...         .84       ... 

i...   55.0   ... 

...  1. 12,  or  8.0      „ 

No.  15 

I.OO       ... 

'...     60.0     ... 

...  i.oo,  or  5.0      „ 

1 

J 

No.  20 

...       1.25       ... 

...   69.0   ... 

...    .62,  or  4.4      „ 

* 
« 

A  specimen  bar  was  turned  down  to  a  diameter  of  |^  inch  at  the  middle, 
so  as  to  form  a  circular  notch.  On  being  tested,  it  broke  with  79  J^  tons 
per  square  inch,  whilst  the  ordinary  specimen  bar  of  the  same  steel  broke 
with  60  tons  per  square  inch. 

Mr.  Webb^s  datum  above  given  is  in  harmony  with  Mr.  Vickers'  data. 

See  also  on  this  subject  Railway  Rails,  at  page  664. 


RESISTANCE  OF  STEEL  AND  IRON  TO  EXPLOSIVE  FORCE. 

Sir  Joseph  Whitworth  tested  iron  and  steel  by  the  explosive  force  of 
gunpowder.  The  specimens  were  cylinders  having  a  bore  of  ^  inch,  a 
diameter  outside  of  i  ^  inches,  and  a  length  of  4  inches.  They  were  made 
open  at  the  ends,  and  were  closed  for  the  purpose  of  the  experiments. 

Table  No.  218. — Resistance  of  Iron  and  Steel  to  Explosive  Force. 


Metal. 

1 

Charge  of  Powder. 

Expansion 
in  diameter 

at  middle 
before 

bursting. 

Number 

of  pieces 

when 

bunt 

Cast  iron 

grains. 

95 

275 
325 

ratio. 

I 

6.3 
18.3 
21.7 

inch. 

.0000 
.0997 
.1659 
.0950 

fneces. 
36 

s 

2 

4 

Wrought  iron,  Staffordshire,  coiled 

Fluid  compressed  steel.  No.  3,  red 

Do.             do.           No.  3,  brown .. 

*  The  intermediate  percentages  of  carbon  in  column  2,  from  No.  4  to  No.  15  indasive, 
are  merely  approximate,  having  been  interpolated  in  proportion  to  the  Nos.  of  the  steel. 
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RECAPITULATION  OF  DATA  ON  THE  DIRECT  STRENGTH 

OF  IRON   AND  STEEL. 

Cast  Iron,  pp.  553  to  561. — The  ultimate  tensile  strength  ranges  from 
5  to  7  ^  tons  per  square  inch ;  first  meltings,  specimens  under  i  inch 
m  thickness.  For  thicker  castings  the  strength  diminishes.  The  com- 
pressive strength  is  from  four  and  a  half  to  about  seven  times  the  tensile 
strength.  For  general  calculations,  say,  tensile  strength  7  tons,  compressive 
strength  49  tons. 

The  ultimate  tensile  strength  is  increased  by  repeated  remeltings  to  from 
15  to  20  tons  per  square  inch;  and  the  compressive  strength  to  from  70  to 
80  tons. 

The  elastic  strength  practically  is  equal  to  the  ultimate  tensile  strength. 

Wrought  Iron,  pp.  567  to  591. — The  ultimate  tensile  strength  of  rolled 
bar  iron  varies  from  22)^  to  30  tons;  rivet -iron  from  24  to  27  tons. 
Plates  from  20  to  23  tons;  about  i  ton  less  crossway  than  length  way  of 
the  fibre.  The  strength  is  reduced  more  than  i  ton  by  annealing.  The 
resistance  to  compression  is  an  indefinite  quantity. 

The  elastic  tensile  strength  of  iron  bars  averages  not  less  than  50  per 
cent  of  the  ultimate  strength;  and  that  of  iron  plates  is  generally  from 
55  to  60  per  cent  of  the  ultimate  strength. 

The  elastic  strength  of  bars  and  plates,  both  tensile  and  compressive, 
may  be  taken  at  1 2  tons. 

The  elongation  of  wrought-iron  bars,  within  the  elastic  limit,  is  at  the 
late  of  V10.000  to  Vx>ooo  part  of  the  length— say,  an  average  of  Via.ooo  part — 
per  ton  per  square  mch ;  or  a  total  of  V,ooo  part  of  the  length.  The  same 
fraction  may  be  taken  for  compression  within  the  elastic  limit. 

Approximate  Strength  of  Wrought-iron  Bars  in  Terms  of  the  Circular 
Inch  (Mr.  E.  Clark). — "A  strength  of  20  tons  per  square  inch  is  nearly 
equivalent  to  one  of  16  tons  per  circular  inch.  An  ordinary  i-inch  round 
rod  bears  tensilely  16  tons,  and  weighs  8  lbs.  per  yard. 

"For  a  round  rod  of  any  diameter,  the  square  of  the  diameter,  in 
quarter-inches,  is  the  breaking  weight  in  tons. 

"  Half  this  quantity  is  the  weight  in  pounds  per  yard. 

"  A  rod  will  be  perceptibly  damaged  by  half  this  stress,  which  can  never 
be  safely  exceeded;  one-third  being  sufficient  in  practice." 

Steel,  pp.  593  to  615. — By  Mr.  Kirkaldy's  earliest  experiments,  it  was 
found  that  the  average  tensile  strength  of  bar  steel  varied  from  60  tons 
for  tool -steel,  to  28  tons  for  puddled  steel;  and  that  of  steel  plates 
from  3/,g  to  5/16  inch  thick,  from  32  to  45  J^  tons. 

From  subsequent  experiments,  it  appears  that  the  ultimate  tensile  strength 
of  rolled  bar  steel  varies  from  30  to  50  tons  per  square  inch.  The  average 
tensile  strength  may  be  taken  at  35  tons,  and  the  elastic  strength,  tensile 
and  compressive,  at  20  tons.  The  tensile  and  the  elastic  compressive 
strength  of  hammered  steel  bars  is  from  4  to  5  tons  more  than  that  of 
roiled  bars. 

By  annealing,  the  elastic  strength  of  rolled  steel  bars  is  reduced  3  tons, 
and  that  of  hammered  bars  5  tons. 

Steel  plates  have  elastic  tensile  and  compressive  strengths  averaging  about 
14  tons;  the  ultimate  tensile  strength  is  from  22  to  32  tons,  according  to 
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the  proportion  of  constituent  carbon.     The  strength  is  the  same  len^ 
and  crosswise. 

Annealing  reduces  the  tensile  strength  of  steel  plates,  elastic  andul 
by  I J^  or  2  tons ;  and  the  elastic  compressive  strength  by  twice  as  n 
.  The  elongation  and  the  compression  of  steel  bars  within  the  elasti 
may  be  taken  at  Vi3,ooo  p^^rt  of  the  length  per  ton  per  square  indi 
total  of  '/looo  part  of  the  length. 


SCrtei  per  S^pjuar^  bush/^ 

Fig.  s».— Relative  Elongation  of  zo-feet  Bars  of  Cast  Iron,  Wrought  Iron,  and  Sta 

The  comparative  behaviours  of  bars  of  cast-iron,  wrought-iron,  ai 
10  feet  in  length,  under  tensile  stress,  as  previously  recorded,  ij 
diagrammatically  in  Fig.  222,  annexed.  It  is  seen  that  the  cxte 
cast  iron,  which  breaks  under  a  tensile  stress  of  7  tons  per  square 
very  limited,  and  that  the  rate  of  extension  is  nearly  uniform  com 
with  the  stress;  whilst  the  wrought-iron  and  the  steel  bars,  whi 
broken  at  28  tons  and  52^^  tons  per  square  inch  respectively,  s 
acquire  a  greatly  increased  rate  of  elongation  at  the  yielding  point 
are  arrived  at  when  about  half  the  breaking  stress  has  been  applie 
not  necessary  to  enter  into  more  detail,  as  the  diagram  is  only  i 
to  show  the  leading  characteristics  of  the  three  metals  undci 
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ORSIING  STRENGTH  OF  MATERIALS— FACTORS  OF 

SAFETY. 

t  elastic  strength  of  materials,  cast-iron  excepted,  is,  in  general  terms, 
f  their  ultimate  or  breaking  strength.  For  cast-iron,  though  there  is 
arly  defined  elastic  limit,  the  same  measure  may  be  adopted.  If  a 
ig  load  of  half  the  elastic  strength,  or  one-fourth  of  the  ultimate 
th,  be  accepted,  equal  range  for  fluctuation  within  the  elastic  limit  is 
led.  But,  as  bodies  of  the  same  material  are  not  uniform  in  strength, 
lecessary  to  observe  a  lower  limit  than  a  fourth  where  the  materisd  is 
sd  to  great  or  to  sudden  variations  of  load. 

rZ-tron. — Mr.  Stoney  recommends  one-fourth  of  the  ultimate  tensile 
th,  for  dead  weights;  one-sixth  for  cast-iron  bridge  girders;  and  one- 
i  for  crane-posts  and  machinery.  In  compression,  free  from  flexure, 
ling  to  Mr.  Stoney,  cast-iron  will  bear  8  tons  per  square  inch;  for 
on  arches,  3  tons  per  square  inch;  for  cast-iron  pillars,  supporting 
loads,  one-sixth  of  the  ultimate  tensile  strength ;  for  pillars  subject  to 
ion  from  machinery,  one-eighth;  and  for  pillars  subject  to  shocks 
heavy-loaded  waggons  and  the  like,  one-tenth,  or  even  less  where  the 
%h  is  exerted  in  resistance  to  flexure. 

^aught-iron, — For  bars   and   plates,  5  tons  per  square  inch  of  net 

Q  is  taken  as  the  safe  working  tensile  stress;  for  bar  iron  of  extra 

fy  6  tons.     In  compression,  where  flexure  is  prevented,  4  tons  is  the 

mit;  in  small  sizes,  3  tons.     For  wrought-iron  columns,  subject  to 

,  Mr.  Stoney  allows  a  sixth  of  the  calculated  breaking  weight;  with 

•nt  loads,  one-fourth.     For  machinery,  an  eighth  to  a  tenth  is  usually 

'd ;  and  for  steam-boilers,  a  fourth  to  an  eighth. 

^oebling  says,  "I^ng  experience  has  proved,  beyond  the  shadow  of 

,  that  good  iron,  exposed  to  a  tensile  strain  not  above  one-fifth  of 

oate  strength,  and  not  subject  to  strong  vibration  or  torsion,  may 

ided  upon  for  a  thousand  years."  ^ 

-A  committee  appointed  by  the  Board  of  Trade  recommended 

ess  of  6^  tons  per  square  inch  should  not  be  exceeded  in  bridge 

railways.     Mr.  Stoney  recommends,  for  mild  steel,  a  fourth  of  the 

ensile  strength,  or  8  tons  per  square  inch.     The  limit  for  com- 

3ust  be  regulated  very  much  by  the  nature  of  the  steel,  and  whether 

nealed  or  annealed.     Probably  a  limit  of  8  tons  per  square  inch, 

s  the  limit  for  tension,  would  be  the  safe  maximum  for  general 

In  the  absence  of  experience,  Mr.  Stoney  recommends  that,  for 

,  an  addition  not  exceeding  50  per  cent,  should  be  made  to  the 

r  wrought-iron  pillars  of  the  same  dimensions. 

-One-tenth  of  the  ultimate  stress  is  an  accepted  limit.     Timber 

in  some  situations,  borne  permanently  one-fifth  of  their  ultimate 

strength. 

w. — ^According  to  Professor  Rankine,  the  maximum  pressure 
ns  in  firm  earth  is  from  17  lbs.  to  23  lbs.  per  square  inch;  and 
on  rock,  it  should  not  exceed  one-eighth  of  the  crushing  load. 
I — Mr.  Stoney  says  that  the  working  load  on  rubble  masonry, 

^  Engineering,  August  16,  1S67. 

40 
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brickwork,  or  concrete  rarely  exceeds  one-sixth  of  the  crushing  weight  of 
the  aggregate  mass;  and  that  this  seems  to  be  a.  safe  limit.  In  an  arch, die 
calculated  pressure  should  not  exceed  one-twentieth  of  the  crushing  pres- 
sure of  the  stone. 

Jlofies. — For  round  ropes,  the  working  load  should  not  exceed  a  se^-endi 
of  the  ultimate  strength ;  and  for  flat  ropes,  one-ninth. 

Dr.  Rankine'  gives  the  following  data  as  factors  of  strei^th: — 


Factors  of  safety  for  perfect  materials  1  _ 

and  workmanship. J  ' 

For  good  ordinary  materials  and  work- 
manship : — 

Metals 3         6 

Timber 4  to  5     8  to  10 

Masonry 4         8 

A  rfifflrf  /aad  on  a  structure  is  one  that  b  put  on  by  imperceptible  ieffta, 
and  that  remains  steady;  such  as  the  weight  of  the  structure  itself. 

A  /ive  load  is  one  that  is  put  on  suddenly,  or  is  accompanied  with  nb» 
tion;  such  as  a  swift  train  travelling  over  a  railway  bridge,  or  a  force  eiotcd 
in  a  moving  machine. 


STRENGTH   OF   COPPER  AND   OTHER   METALS 

f  Copper  and  ns 


„^.™o.„„.. 

THMleStn^ph 

■on. 

8.481011.67 

" 

Do.     bolts,  with  1  per  cent,  phosphorus... 

R,302 

7.56 

^ 

\fi, 

17.13 

Do.            do.       1 

19.20 

Do.            do.       2                 „ 

R.6i^ 

20.25 

Do.            do.       1 

K,i;Ko 

2a4i 

Do.            do.       2                 „ 

KAi, 

2a27 

Do.            do.       3                 „ 

8.422 

21.33 

„ 

Do.            do.       4 

12.94 
13-71 
14.73 
17.00 

Do.        10      „        1     ,      

- 

• 

'  Uttjtd  RuUt  and  TaMa,  pige  305. 
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al,  average  strength  of  good  bronze 
tal,  average  results  of  tests  of  \ 
mens  from  bronze  guns — elastic  > 

gth,  6.56  tons J 

al,  American  guns^ 

heads 

ch-squares 

1  bars  cast  in  same  moulds  with  guns 
1  bars  cast  separately  in  iron  moulds 
)o.  do.  in  clay  moulds 
ihedguns ' 

'  copper  and  tin,  unwrought — 

u.  By  WH|ht. 

m,  84.a9copper+ 15.71  tin,  gon  metal- 
in,  8z.  8 1      „     +1719  „ 

iD,8i.io      „     +18.90  „  

111,78.97      „     •t-31,03  „    brasses 

ID,  34.9a  ,,  +65.0&  „  small  bells.. 
>n,  15.17      ..     +84.83  „  speculum  met. 

im  bronic— 90  copper,  i  aluminium 
lo.  max^ 

t 

er — 2  tin,  I  lead 

ic  or  yellow 

le  or  yellow,  2  copper,  i  zinc 

be,  63  copper,  38  nnc 

.     70      »       30    »   

metal— 3  copper,  2  zinc 

'  copper,  zinc,  iron,  and  tin — "  Sterro- 

XT  to,  iron  to,  zinc  So 

'■    60,    .,      3.     ..    39.tini.S 

).    60,    „      4,     „   44,  „   2;— 

Cast  in  sand 

Cast  in  iron,  annealed 

Cast  in  iron,  forged  red  hot 

5er6o,    iron  2,      zinc  37,      tint 

>•     60,      „     2,        „     35,       „    2 

J-    SS-o.  ..     "-77,  „    42.36,  „ 0-83:- 

Cast 

Foiled  red  hot 

Drawn  cold 


8.765 
8.584 
8-9S3 
8-313 


8.459 
8.728 
8.056 
7-447 
7.291 


14-73 
12.19 


1 3-24. 
20.76 
18.76 

16.82 


Dr.  Anderson 


3-35 
8.02 
12.90 

46.00 
36.00 
40.77 

22.00 


19.25 
24.2s 
31.00 

34-0 


Dr.  Anderson 

Wade 
Rennie 

Jardine 

Rankine 
Rennie 
Dr.  Anderson 
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Table  No.  220. — Phosphor-Bronze,  Bronze,  and  Brass.    From  LmsL 

Tensile  Strength. 


(Reduced  from  Mr.  Kirkald/s 
Report.) 

Description. 

Elastic 
Strength 

per 
square 

inch. 

Ultimate 
Strength 

per 

square 

inch. 

Ratio 
of  Elastic 

to 
Ultimate 
Strength. 

Sec. 

1 

1 

Aitaof 
FractoR. 

iAt  90,000 

lbs.  per 

square 

inch. 

1 

1 

Phosphor-Bronze. 
Lowest  values 

tons. 

4.777 
10.625 

7.482 

tons. 

9.712 
22.730 
15.386 

percent. 

31.5 
68.5 

48.6 

percent. 

.09 

5.13 
1.59 

■  per  cent. 
3.6 

334 
114 

'peroeat 
96.1 

68.1 
874 

Hicrhest  values 

Averages  of  1 2  specimens 

Ordinary  Bronze. 
Lowest  values 

1 
i 

'    7-321 

,    8.794 

8.095 

9.061 
13.184 
10.582 

66.7 
85.9 

76.5 

.18 

1. 10 

.56 

1 
1 

1.2 

4.0 
2.23 

91.D 
95.6 

Hicrhest  values 

Averages  of  6  specimens 

Brass 

4.410 

12.284 

36.7 

5.80 

16. 1 

'  81.7 

TENSILE   STRENGTH   OF   WIRE   OF  VARIOUS   METALS. 

M.  Baudrimont,  in  1835,  tested  the  strength  of  annealed  metallic  wires 
at  various  temperatures,  from  32°  F.  to  392°  F.^  The  wires  of  gold, 
platinum,  copper,  silver,  and  palladium  were  about  '/eoth  inch  in  diameter; 
the  iron  wires  were   Vus^^  ^^^^  i^  diameter.     The  results  of  the  tests  are 

Table  No.  221. — Tenacity  of  Metallic  Wires  at 
Various  Temperatures.     1835. 


Metal. 

Dia- 
meter 
of  wire 
at6i'F. 

Sectional 
Area. 

inch. 

sq.  inch. 

Gold 

.0162 

.000207 

Platinum 

.0161 

.000205 

Copper  ... 

.0177 

.000247 

Silver 

.0157 

.000193 

Palladium 

.0156 

.000192 

Iron 

.C069 

•ax)373  i 

1 

Ultimate  Tensile  Strength. 


At  32-  F. 


i 


lbs. 
5.61 

5-42 
6.70 
6.59 
10.  II 
10.02 
7.86 

7.78 
10.12 

9.98 
II. 12 
10.89 


3X2 


At 

•F. 


lbs. 

4.64 

4.49 

5-94 
5.61 
8.80 

8-73 
6.74 

6.39 
9.00 

8.89 
10.66 
10.16 


At 
392- F. 


lbs. 
3.86 
3-80 
5.27 

503 
7.92 

7.27 

5-13 
5.10 

7.99 
7.41 

II. 31 
II. 15 


TensOe  Strength  per 
square  inch. 


At32'F. 

At 
aia*  F. 

tons. 

tons. 

12. 1 

lao 

II.7 

9.7 

14.6 

13.0 

14.4 

12.2 

18.3 

16.0 

18. 1 

15.8 

18. 1 

15.6 

18.0 

14.8 

23.5 

20.9 

23-1 

20.6 

133.2 

127.6 

'30.3 

121. 7 

At 

39a"  F. 


tons. 

8.3 
8.2 

II.5 

II.O 

14.4 

13- 1 
11.9 

11.8 

18.5 

17.2 

1354 
133-5 


Maximnm 

Minimum 

Mtximnm  < 

Minimum  ; 

Maximum 

Minimum 

Maximum 

Minimum 

Mtximnm 

Minimum 

Maximum 

Minimum 


*  Aunalcs  d<  Chimii^  185a 
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airanged   in  table  No.  221,  and  it  is  shown  that,  ist,  the  tenacity  varies 
with  the  temperature;  2d,  it  decreases  as  the  temperature  rises,  except  for 
iron;    3d,  that  iron  presents  a  peculiar  case.     At  212°  F.  its  tenacity  is 
l«ss  than  at  32°  F.,  but  at  392°  F.  it  is  greater- 
Table  No.  222. — Tensile  Strength  of  Wire — Phosphor-Bronze, 

Copper,  Brass,  Steel,  and  Iron. 


(Reduced  from  Mr. 
Kirkaldy's  Report.) 

DSSCRIPTION   OP  WiSK. 


Phosphor-  Bronze — 

Lowest  values 

Highest  values 

Averages    of    20 
specimens 


Copper 

Brass .'.. 

Sted 

Iron,  galvanized,  BBC 
Do.        do.        BCE 


Unannealed. 


Diameter. 


inch. 


.0585  or  V17.1 
.0665  or  V15 

.063   or  V15.1 


.0640  or  V15.6 
.0605  or  V16  5 
.0600  or  »/i6.7 
.0580  or  V17.2 
.0580  or  Vi7.a 


Ultimate 

Tensile 

Strength. 


Total. 


lbs. 


394 


203 

233 
342 
170 

174 


Per 

stiuare 

inch. 


tons. 

43.59 
71.21 

56.28 


28.18 
36.23 

54.07 
28.71 

29.40 


Annealed. 


Diameter. 


inch. 


1070 or  V9.3 
,1125  or  '/9 

1 108  or  V9 


.0640  or  Vx5.6 
.0605  or  V16.5 
.0600  or  '/16.7 
.0580  or  '/17.2 

.0580  or  »/i7.a 


Ultimate 

Tensile 

Strength. 


Total. 


lbs. 


527 


no 
148 
211 
162 
122 


Per 

sciuare 

inch. 


tons. 

22.58 
28.82 

24.42 


16.52 

23.01 

33.32 
27.36  ; 

2a6i 


Ulti- 
mate 
Exten- 
sion. 


p.  c'nt. 

33.0 
46.6 

39.0 


34.1 

36.5 
10.9 

I7.I 

28.0 


STRENGTH   OF  STONE,   BRICKS,   &c. 
Table  No.  223. — ^Tensile  Strength  of  Stone,  Bricks,  and  Cement. 


Dbsckiption  op  Matbjuau 


Sandstone 

Whinstone 

Arbroath  pavement 

Caithness      do 

White  Marble 

Do 

Flint-glass  rod,  annealed 

Green  glass  rod 

White  crown-glass  rod 

Thin  glass  gjiobes,  cohesion 

Plaster  of  Paris 

Mortar  of  quartzose  sand  and  hydraulic 
lime 

Mortar  of  quartzose  sand  and  ordin- 
ary lime 


Weight  per 
cubic  foot. 

Ultimate  Ten- 
sile Strength 
per  sq.  inch. 

Experimentalist 

lbs. 

tons. 

.150 

Buchanan 

.655 
.563 

n 

.471 

n 

.322 
.246 

Hodgkinson 

1.07 

Fairbairn 

1.29 

n 

1. 14 

» 

2.23 

w 

lbs. 
71 

Rondelet 

136  to  85 

Vicat 

— 

21  to  51 

» 

630 


THE  STRENGTH  OF  MATERIALS. 


Table  No.  223. — {cofitinued). 


Dbscriftion  op  Material. 


Adhesion  of  Plaster  of  Paris  to  brick ) 

or  stone — average j 

Adhesion  of  bricks  cemented  with  Port- 
land cement,  12  months  old,  and  i 

cement  to  i  sand 

Gault-clay  bricks,  pressed;  in  air... 

Do.  do.  in  water 

Gault-clay  bricks,  wire  cut ;  in  air... 

Do.  do.  in  water 

Gault-clay  bricks,  perforated;  in  air.. 

Do  do.        in  water 

Stock  bricks,  in  air 

Do.  in  water 

Staffordshire  blue  brick,  pressed  I 

with  frog;  in  air j 

Do.  in  water 

Do.  rough,  without  frog;  in  air.... 
Do.    do.  do.  in  water 

Fareham  red  bricks;  in  air 

Do.  do.         in  water 

Portland  cement : — 

Seven-day  tests 

Average  of  do.  per  bush.  115.2  lbs... 
Portland  cement,    123  lbs.  per  bushel, 
mixed  with  equal  weight  of  Thames 
sand :  — 
Age  in  water,  7  days 

Do.  I  month 

Do.         6    do 

Do.        12    do 

Do.  2  years 

Do.         4    do 

Do.         7    do 

Portland  cement,  112  lbs.  per  bushel, 
mixed  with  various  proportions  of 
sand;  12  months  old  : — 

3  sand,  I  cement 

5   do.     I     do 

7   do.     I     do 

Roman  cement — averages : — 

Age  in  water,  7  days 

Do.  1  month 

Do.         6    do 

Do.        12    do 

Do.         2  years 

Do.         4    do 

Do.         7    do 


Weight  per 
cubic  foot. 


lbs. 


neat 

45 
46 
68 

47 
108 

84 

78 

96 

74 

76 

48 

40 

126 

123 


90 


neat  cement. 
363 
416 

523 

547 
600 

583 

S90 


Ultunate  Ten- 
ftUe  Strength 
persq.  inch. 


lbs. 
50 

I  to  I 

44 
46 

43 

83 

75 
63 
70 

56 

37 
47 

83 
62 

862  to  408 
358.5 


cement  &  sand 

157 
201 

284 

319 
351 
363 
384 


241 
214 
163 

90 

115 
210 

286 

243 
281 

315 


Ronddet 


Grant^ 


»» 

n 
n 
n 

w 
If 

n 

n 
w 
n 
» 
n 

n 
ft 


M 
>» 
»» 

n 


» 
>» 

>» 
»> 
n 
♦f 
w 
♦> 
n 


*  Proceedings  of  the  Institution  of  Cvvil  Engineers^  vols.  xxv.  and  xxxii. 
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Table  No.  224. — Crushing  Strength  of  Stones  and  JJkicks. 


Descuption  of  Material. 


rranite : — 

Aberdeen,  blue. 

Peterhead 

Cornish 

Dublin 

Wicklown 

Newfy 

Mount  Sorrel.. 


^Thinstone,  Scotch 

ireenstone,  Irish 

»andstones  and  Grits : — 

Arbroath  pavement 

Craigleith  freestone 

Derby  grit,  friable  sandstone 

Yorkshire  paving 

Red  sandstone,  Runcorn 

Quartz  rock,  Holyhead,  across  lami- 
nation  

Do.,  parallel  to  lamination 

Marble  :— 

Statuary 

Italian,  white,  veined 

Irish 

Limestone : — 

Compact 

Purb^ck 


! 


Magnesian 
Anglesea... 

Irish 

Chalk 


Slates: — 

Irish,  on  bed  of  strata... 
Do.    on  edge  of  stnta.. 

Bricks : — 

Red 

Yellow-£iced,  baked 

Do.  buini 

Gault-day,  pressed. 

Do. 
Do. 
Stock.... 
Fardiam  red.. 
Staffordshire 

Dot 
Stoui  bridge  fire-da^. 

Do.  do. 

Tividalebfaie 

wickwoffk  in 


■  ^  MN*>^  •*«•>•  .'v*  .■    '.•.«    ' 


2.625 
2.662 


2.675 


2452 
2.316 
2.507 


Tons  per 
square  inch. 


4.87 

2.83 
4.66 
1.52 
5.86 

5.74 

3.70 

9.30 

3-52 
2.61 
1.40 

2.55 

'97 
11.40 

6.25 

1-44 
4-32 


Experimentalitt. 


Rennie 
i> 

Wilkinson 
II 

Fairbairn 
Buchanan 
Wilkinson 

Buchanan 
Rennie 

L/Clark 
Mallet 


Rennie 


—      ;  675  to  9^00    Wfikm*wi 


2.5S4  '        -^M  Uenme 

2.599  4^  it*., 

—  1,316  Vmnmrn 

2.730  3.3^  L,  Clwk 

.224  ,  tUmm 


.*«*^*  "».  v**^*  • 


Wi^lMmm 


I 


■fii  i.  * 
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Table  No.  224  (continued). 


Dbscriptiok  op  Matbslal. 

Specific 
Gravity. 

Tons  per 
square  mch. 

cJEpcnannH 

Portland  cement,  "i  months  old 

— 

1.70 
I.II 

•43 
2.67 
2.04 

75 

Total  Cnisliiiifir 

Weight. 

tons. 

170.5 

1 15.5 

91.0 

per  square  indi. 
.194 
.266 
.258 

.357 

12.31  to  14.23 

Grant 

I  do.  to  I  sand.               ..          • 

I  do.  to  ?  sand.               ,,          

99 

Portland  cement,  0  months  old 

n 

I  do.  to  I  sand.               ,.          

9» 

I  do.  to  ?  sand.               ..          

n 

Portland  cement,  concrete  blocks — 12- 
inch  cubes  compressed,  1 2  months  old  :— 

I  cement  to  i  sand  and  crravel 

n 

I      ,,       to  3            „              

I      „       to  6            ,,              

ft 

*                „                  *v    V                                „                                     . a. ...... 

Mortar : — 

Lime  and  river  sand. 

» 

Do.           do.       beat^ 

Lime  and  pit  sand 

If 

Do,          do,      beaten 

99 

Glass 

fi 

STRENGTH    OF    ELEMENTARY 

CONSTRUCTIONS. 


RIVET-JOINTS 
In  Iron  Plates. 


There  are  two  elements  by  which  the  strength  of  rivettcd  joints  is  deter- 
mined:— the  tensile  strength  of  the  perforated  plate,  and  the  grip  and 
shearing  strength  of  the  rivets. 

Strength  of  Perforated  Iron  Plates. — The  usual  effect  of  perforation  by 
punching,  is  a  weakening  of  the  metal  about  the  holes;  so  that  the  tensile 
strength  per  unit  of  section  between  the  holes  is  less  than  that  of  the 
unpierced  plate.  Yorkshire  iron  (table  No.  192,  page  584)  loses  from  13 
to  17  per  cent  of  its  tensile  strength,  and  Knipp  iron  from  10  to  13  per 
cent,  by  punching.  It  is  generally  assumed,  according  to  Mr.  Wilson, 
that  hard  plates  of  fair  quality  lose  from  20  to  24  per  cent,  of  their  tensile 
strength  by  punching  for  steam-joints,  but  that  many  soft  plates  do  not 
lose  more  than  8  per  cent  When  plates  are  drilled,  on  the  contrary,  it  is 
considered  that  the  tensile  strength  remains  unimpaired. 

But,  Mr.  J.  Cochrane  found  from  experiments  with  bar  iron  that  there 
was  no  loss  of  tensile  strength  by  punching  holes  in  the  bars.^  Low- 
moor  and  Staffordshire  bars  were  planed  down  to  a  nominal  thickness  of 
y^  inch,  and  shaped  to  a  width  of  2  inches.  One-inch  holes  were  made 
through  the  bars  in  three  ways: — ist,  by  drilling;  2d,  by  punching  yi  inch 
too  small  and  rimering  out  to  the  size;  and  3d,  by  punching  at  once  to 
the  full  size.   The  tensSe  resistances  per  square  inch  were  as  follows : — 

Formation  of  Holes.  Lowmoor  Iitm.  Staffordshire  Iron. 

Drilling 24.72  tons.         23.15  tons. 

Punching  and  rimering 25.51     „  23.15     „ 

Punching 24.53    „  23.69    „ 

No  doubt  the  holes  were  punched  with  a  wide  clearance  in  the  die — 
a  provision  which  very  much  facilitates  the  separation  of  the  metal,  eases 
the  punch,  and  eases  the  stress  on  the  metal. 

length  of  Rivetted  Joints, — Sir  William  Fairbaim,  in  1838,  deduced 
from  experiment  with  small  specimens  of  ^-inch  iron  plate,  that  double- 
rivetted  lap-joints  were  stronger  than  single-rivetted  joints,  and  that  their 
relative  values  were  as  follows : — 

Tensile  strength  of  the  solid  plate,  as 100 

Do.  double-rivetted  lap-joint,  as 70 

Do.  single-rivetted  lap-joint,  as 56 

'  Proceedings  of  the  Institution  of  Civil  Engineers,  vol.  xxz.  1869-70,  p.  265. 
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Mr,  Bertratn's  Experiments, — At  Woolwich  Dockyard,  Mr.  W. 
tested  various  plate-joints.     The  results  were  reported,  and  they  were  ini 
tigated  by  the  author,  in  1860,^  in  connection  with  Mr.  Bertram's  m< 
of  welding  joints — the  scarf-weld  and  lap-weld,  Figs.  224  and  225,  in 
the  lap  is  I  ^  inches.    Staffordshire  plates  of  good  quality  were  selected 


Fig.  323. — Entire  plate. 


Fig.  304.— Scarf-welded  joiaL 


Fig.  325.— Lap- welded  joint 


Fig.  aa6.— Single-rivetted  joint,  by  baad. 


;  • 
i  • 


^ 


Fig.  227.-Single-rivetted  joint,  by  hand,  snap-headed.         Fig.  328.  -Singlc^irclted  jobt.  by  maduae. 


i  • 


•  0 

Q  0 

i^ 


Fig.  339. — Single-rivetted  joint,  with  countersunk  head.         Fig.  230. — Double-rivetted  joint,  snap-beaded. 


1®  0 
;q  0 

:£ii. 


3 


i'lg.  231. — Double-rivetted  joint,  countersunk  and 

snap-headed. 


iggaST- 


Fig.  232.— Double-rivetted  joint,  with  single  wdt. 
countersunk  and  snap-headed. 


Boiler- Plate  Joints,  tested  by  Mr.  Bertram. 

the  trials:  of  three  thicknesses,  ^-inch,  7/,g-inch,  and  f6-inch;  and  made  up 
into  ten  varieties  of  specimens,  4  inches  broad  and  24  inches  long,  in  which 
the  rivet-joints  were  made  with  ^-inch  rivets  at  a  pitch  of  2  inches.  Three 
specimens  of  each  variety  of  joint,  for  each  thickness  of  plate,  were  tested, 
and  the  results  averaged  for  each  set  of  three  specimens.  These  joints  are 
illustrated  and  described  at  Figs.  223  to  232.     The  net  sectional  area  of 

^Recent  Practice  in  the  Locomotive  Engine^  1858-J9;  also  Railway  Locomotives^  1860^ 
^v  D.  K.  Clark.     Blackie  &  Son.     See  these  works  for  an  extended  notice  of  plate-joints. 
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ilate,  in  the  line  of  the  rivets,  was  62.5  per  cent,  of  the  solid  section.  The 
ccdonal  area  of  a  ^-inch  rivet  is  .4417  square  inch,  giving  for  two  rivets 
I  ghearing  section  of  .8834  square  inch. 


Shearing  Section 
of  Rivets. 


Net  Sectional 
Area. 

.94  sq.  ins.      .8834  sq.  in.,  or  94  per  cent,  of  net  section. 
1.094    „  .8834      „       or  80.8 

1.25      »»  -^^34      »       or  70.7 


» 


0-inch  plate, 

}i         » 

The  fractures  took  place,  in  nearly  all  cases,  in  one  of  the  plates,  in  the 
line  of  the  rivet-holes;  but,  in  a  few  cases,  the  rivets  were  shorn  across. 
The  normal  strength  for  the  solid  plates  was  nearly  uniform,  and  averaged, 
for  all  thicknesses,  20  tons  per  square  inch. 

Table  No.  225. — Ultimate  Tensile  Strength  of  Welded  and 

RivETTED  Joints  of  Boiler-Plate. 

Tensile  strength  of  the  entire  plate,  20  tons  per  square  inch. 
(Reduced,  in  i860,  from  Mr.  Bertram's  experiments.) 


Form 

of 
Joint. 

Net  Ultimate  Tensile  Strength  of  Joint ; 
that  of  the  entire  pIate=ioo. 

Description  of  Joint. 

r 
> 

M-inch 
Plate. 

7/t6-inch 
Plate. 

>i-inch 
Plate. 

Average 

for  three 

thicknesses. 

1.  Entire  plate 

2.  Scarf- welded  joint 

1  Lao-welded  joint 

Fig.  223 
Fig.  224 
Fig.  225 

per  cent. 
100 

faulty 
50 

per  cent. 
100 
106 
69 

per  cent. 
100 
102 
66 

per  cent. 

100 

104 

62 

4.  Single  -  rivetted    joint, ) 

by  hand J 

5.  Single-rivetted  joint,by  ) 

hand,  snap-headed..  ( 

6.  Single  -  rivetted    joint,  ) 

bv  machine ( 

Fig.  226 
Fig.  227 
Fig.  228 

Fig.  229 

Fig.  230 
Fig.  231 

Fig.  232 

40 

40 
44 

50 
52 

54 
50 

60 

56 
52 

52 

50 

53 
49 

49 

1 

1 

7.  Single  -  rivetted    joint,  1 
with       countersunk  \ 
head ) 

8.  Double-rivetted    joint, ) 

snap-headed \ 

9.  Double-rivetted    joint,  ^ 

countersunk       and  > 

snap-headed ) 

la  Double-rivetted    joint, ) 
with     single     welt,  ( 
countersunk        and  ( 
snap-headed ) 

59 
53 

52 

70 
72 

60 

72 
69 

65 

67 

59 

From  these  data,  it  appears  that  the  scarf-welded  joint  is  as  strong  as 
fee  entire  plate,  and  that  the  strength  of  the  lap-welded  joint  averages  only 
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five-eighths,  or  62  per  cent  of  that  of  the  entire  plate.  The  TarietieiQC 
single-rivetted  joints  average  nearly  equally  strong  for  each  variety;  aadAqf 
have  only  half  the  strength  of  the  entire  plate,  excepting  the  snap-heidedi 
which  has  rather  more  than  half  the  strength.  Of  the  double-iivettel 
joints  the  ordinary  lap  is  the  strongest,  having  two-thirds  of  the  entne 
strength;  the  welt-joint  is  weakest 

Comparing  the  different  thicknesses  of  plate,  the  averages  of  all  Ae 
lap-joints,  at  the  foot  of  the  table,  show  that  the  f^-inch  is  the  strongot, 
that  the  y/^g-inch  is  nearly  as  strong,  and  that  they  are  about  one-fouith 
stronger  than  J^-inch  lap-joints,  relatively  to  the  thickness  of  plate. 

Leaving  the  averages,  the  drift  of  the  evidence  is,  that  the  thinner  the 
plate  the  more  efficient  the  joint.  The  single-rivetted  joints.  No.  4,  have 
successively  40,  50,  and  60  per  cent  of  the  strength  of  the  entire  plates, 
and  the  double-ri vetted  joints,  59,  70,  and  72  per  cent;  insomuch  that  the 
^-inch  single-rivetted  joint  is  absolutely  stronger  than  the  thicker  joints— 
the  actual  breaking  weights  being  successively  16, 17)^,  and  18  tons  for  the 
^-inch,  7/j6-inch,  and  f^-inch  joints.  For  the  double-rivetted  joints,  the 
actual  breaJcing  weights  are  about  23.5,  24.5,  and  21.5  tons;  shoeing  that 
the  7/,6-joint  is  absolutely  stronger  than  the  ^-inch,  and  that  the  3^-indi 
joint  has  only  one-twelfth  less  absolute  strength  than  the  J^-inch  joint 
The  double-rivetted  welt -joint,  similarly,  is  more  efficient  for  the  thinner 
plates,  and  its  absolute  strength  is  practically  the  same  for  them  all. 

It  appears,  then,  that  f^-inch  rivetted  plates  are  practically  stronger 
than  7/jg-inch  and  ^-inch  rivetted  plates;  and  that,  of  the  f^-inch  joints, 
the  order  of  strength  is  as  follows : — 

Tensile  StreaftL 

Entire  plate,  J^-inch  thick 100 

Double-rivetted  lap-joint,  average 71 

Double-rivetted  single  welt-joint 65 

Single-rivetted  lap-joint,  average 55 

These  proportions  do  not  differ  widely  from  those  that  were  given  by  Sir 
William  Fairbairn. 

It  appears  that  countersunk  ri vetting  does  not  impair  the  strength  of  the 
joint,  as  compared  with  external  heads. 

To  bring  out  the  comparative  weakness  of  the  joints  of  the  thicker  plates, 
the  fourth  line  of  the  following  tablet,  which  is  obtained  by  dividing  the 
third  by  the  second  line,  shows  that  the  tensile  strength  per  square  inch  of 
net  section  of  the  ^-inch  single-rivetted  joint,  was  nearly  nine-tenths  of 
that  of  the  entire  plate;  whilst  that  of  the  7/,5-inch  joint  was  just  over  eight 
tenths;  and  of  the  ^-inch  joint,  seven-tenths. 


Single-rivetted  lap)-joint,  ) 
thickness  of  plate, ....  J 

Net  section, 

Net  tensile  strength,  av.,... 

Do.  per  sc^uare  inch  of 
net  section,  in  parts  of 
that  of  entire  plate,... 

Net  tensile  strength  of 
lap-welded  joint, 


^-inch 

62.5% 
43-5  » 


7/, 6-inch     f^-inch. 

62.5  %      62.5  %  of  that  of  entire  plate. 
51-5  »      55 


70 


50 


i> 


it 


82 


69 


»> 


88 


fi 


I) 


ft 


66     „  of  that  of  entire  plate. 
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The  lap-weld  joint  is  strikingly   weaker  than   the  body  of  the  plate, 
though  there  is  no  reduction  of  section.     The  weakness  arises  from  the 

of  the  lap,  for  the  joint,  though  solid,  is  not  straight  The 
proves  that  the  lap  is  essentially  an  element  of  weakness,  irre- 
ive  of  the  loss  of  strength  by  rivet-holes:  the  thicker  the  plate,  the 
is  the  distorting  leverage,  insomuch  that  the  absolute  strength  of 
^-inch  lap-welded  joint  was  not  greater  than  that  of  the  ^-inch  joint. 
The  annexed  Figs.  233  and  234,  show  the  ultimate  distortion  by  the 
oblique  stress  on  lap-joints. 

Scale,  One-half. 


Figs.  233,  234.— Ultimate  effects  of  Oblique  Stress  on  Lap-joints. 

On  the  principle  here  noticed,  one  may  account  for  the  practically  equal 
strength  of  the  joints  made  with  countersunk  rivets,  compared  with  those 
having  external  rivet-heads,  notwithstanding  the  greater  reduction  of  solid 
section  by  countersinking: — the  leverage  is  shortened,  and  it  may  be 
measured  from  the  centre  of  the  cylindrical  part  of  the  rivet  in  the  line  a  a, 
Fig.  235,  or  thereabouts,  towards  the  inner  side  of  the  plate.  On  the  same 
principle,  the  conical  form  of  punched  holes  reduces  the  leverage  and  the 
obliquity  of  the  pulling  stress.^ 

Scale,  Onehalf 


..-\ /.  1 

1 

Fig.  335. — Diagram  to  show  Stress  on  Countersunk  Rirets. 

As  the  double-ri vetted  joints,  No.  8  of  the  series,  exhibited  respectively 
59,  70,  and  72  per  cent  of  the  tensile  strength  of  the  entire  plate,  it 
appears  that  its  resistance  per  square  inch  of  net  section,  was  94,  112,  and 
115  per  cent  of  that  of  the  entire  plate.  There  is  an  apparent  anomaly 
here : — it  may  be  supposed  that  the  normal  strength  of  the  particular  plates 
exceeded  20  tons  per  square  inch,  aided,  perhaps,  by  the  frictional  grip 
of  rivets,  first  pointed  out  by  Mr.  Edwin  Clark  (see  page  570). 

Mr,  J,  G.  Wright's  Experimmts? — Mr.  Wright  gives  the  strength  of  two 

'  The  author  believes  he  was  the  first  to  publish  the  rationale  of  the  strength  and  the 
weakness  of  rivetted  joints,  as  the  cause  of  the  grooving  of  plates  at  such  joints. 

*  Discussion  upon  Mr.  W.  R.  Browne's  paper,  '*  On  the  Strength  and  Proportions  of 
Rivetted  Joiots»"  in  the  Proceedings  of  the  InstUution  of  Mechanical  Engineers^  1872. 
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specimens  of  single-rivetted  square  lap-joints,  and  two  of  diagonal  j< 
at  angle  of  45°,  which  were  tested  by  Mr.  Kirkaldy.     They  were  made 
^-inch  Staffordshire  plate,  exactly  .38  inch  thick,  12  inches  wide, 
2^-inch  lap,  punched  holes,  and  six  ^inch  rivets  in  the  squaxe  jcmi^j 
2  inches  pitch.     The  diagonal  joint  was  made  with  eight  rivets  of  the 
size  and  pitch.     The  ultimate  tensile  strength  of  the  solid  plate  was  X9.( 
tons  per  square  inch  with  the  fibre,  and  16.80  tons  across.     The 
of  the  entire  plate  was  (12  x  .38  =  )  4.56  square  inches,  and  the  total  dt 
mate  strength  with  fibre  was  (4.56  x  19.69  = )  89.8  tons. 

Ultimate  TexuUe  Strength. 

Entire  plate 89.8  tons. 

Square  joint 43.0    „     or  48  per  cent 

Diagonal  joint 58.0     „     0164       „  , 

Square  Joint  Diagonal  Joint  i 

Net  sectional  area,     59.4  per  cent.     91.7  per  cent  of  entire  plate.       -] 
Net  tensile  strength,  48.0       „  64.0       „  „  ■•] 


Do.  per  square  inch 
of  net  section,  in 
parts  of  that  of 
entire  section... 


81.2       „  70.5       „ 


» 


The  diagonal  joint  was  one-third  stronger  than  the  square  joint;  although, 
per  square  inch  of  net  section,  it  opposed  less  resistance,  because  its  resist- 
ance, which  was  necessarily  exerted  in  an  oblique  direction,  was  a  resultant 
compound  of  shearing  resistance  with  the  lengthwise  resistance  of  the  plates. 

The  net  sectional  area  of  the  square  joint  was  2.71  square  inches;  and 
the  shearing  section  of  the  rivets,  3. 11  square  inches,  or  115  per  cent  of 
the  net  section. 

Mr,  L.  E,  Fletchet^s  Experiments. — In  these  experiments,  to  be  after- 
wards noticed,  a  double-rivetted  lap-joint,  made  with  punched  holes, 
zigzag,  of  7/j5-inch  Staffordshire  plate,  in  a  7-feet  Lancashire  boiler, 
was  burst  with  a  force  of  20.01  tons  per  square  inch  of  net  section 
between  the  rivets  in  line,  the  fracture  taking  place  in  the  plate.  With 
so  high  a  tensile  resistance,  it  is  probable  that  the  strength  of  the 
plate  was  very  little,  if  at  all,  impaired  by  punching.  The  rivets  were 
placed  at  2.44  inches  pitch  in  line,  and  had  an  average  diameter  of  '3/,6 
inch.  The  ultimate  strength  of  the  joint  may  be  taken  as  two-thirds  of 
that  of  the  solid  plate — being  in  the  ratio  of  the  net  sectional  area  to  the 
section  of  the  entire  plate. 

Messrs,  John  Elder  &*  Go's  Experiments, — A  double-rivetted  lap-joint  of 
J^-inch  iron  plate  failed  with  a  force  of  15.06  tons  per  square  inch  of  the 
net  section  between  the  rivets,  the  strength  of  the  solid  plate  being  20.5 
tons;  also,  a  similiar  joint  of  9/,6-inch  plate  failed  with  a  force  of  14.28  tons 
per  square  inch  of  net  section,  whilst  the  strength  of  the  solid  plate  was  20.2 
tons.  Here,  it  was  found  that  the  net  tensile  resistance  of  the  plates  between 
the  holes  was  less  by  one-fourth  than  the  direct  strength: — confirmatory  of  the 
deductions  on  the  comparative  weakness  of  the  rivet-joints  of  the  thicker  plates. 

Mr,  BruneVs  Experiments, — Mr.  Brunei  made  experiments  on  double- 
rivetted   double-welted    plate-joints,   of  which   the  author  published  an 
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s  in  1858-59.^    The  specimens  were  of  J^-inch  best  Staffordshire 
20  inches  wide,  butt-jointed,  with  a  covering  or  fishing  plate  on  each 
3  inches  deep,  put  to- 
with  punched  holes  sdc  One-twdfih. 

ets,as  in  Figs.  236-238, 
g  chain  rivetting  and 
rivetting.     See  tablet, 


—so- 


• 


9 

e 


% 


B 

• 


€> 

• 
9 


% 


.zo -i 


(. 
(• 
(- 


) 

i) 

) 

) 


( 

(■■ 
(■ 
(■■ 


I  St   specimen  failed 
53  tons,  shearing  10 

and  the  2d  specimen 
irith  164  tons,  breaking 
*  through  the  rivets; 
;trength,  158.5  tons,  = 
tons  per  square  inch  of 
tire  section.  Fig.  236. 
3d  and  4th  specimens 
ivith  167  and  147  tons 
tively,  through  a  line 
:-holes;  mean  strength, 
3ns,  =  15.7  tons  per 
inch  of  the  entire  sec- 
Fig.  236. 

5th,  6th,  7th,  and  8th 
ens  broke  with  158, 
61,  and  168  tons  re- 
ely;  mean  strength,  162 

16.2  tons  per  square 
f  the  entire  section, 
actures  took  place  in 
ites,  following,  in  one 
the  zigzag  course  of 
ets.  In  two  cases,  the 
tartly  failed.    Fig.  237. 

9th  and  loth  speci- 
Toke  through  the  plate 
71  and  176  tons  re- 
ely;  mean  strength, 
tons,  =  17.35  ^o^s  per 
inch.     Fig.  238. 

solid  j^-inch  plates, 
r  to  16  inches  in  width, 
ime  quality  as  the  speci- 
were  broken  by  from  — 

22tOnSpersquaremch;    p.^  936-a38.-Rivettcd  Platc-Joints.    Tested  by  Mr.  BraneL 

trength,  20.6  tons. 

third  line  following  the  tablet,  p.  640,  shows  that  the  strength  of  the 
er  square  inch  was  impaired  by  from  i  to  7  per  cent  by  punching, 
average  efficiency,  or  actual  strength,  of  the  double-welt  double- 

nf  Practue  in  the  Locomotive  Engine,  1858-59 ;  also  Railway  Locomotives^  i86o^ 


640 


STRENGTH  OF  ELEMENTARY  CONSTRUCTIONS. 


rivetted  joint  may  be  taken  as  80  per  cent  of  that  of  the  entire  plate, 
the  net  sectional  area  is  83^  per  cent 


BrUNBL's    ElXPBRI- 
UESTS. 

Specimbn. 


Nos. 
I  and  2,  Fig.  236, 
3  and  4,  Fig.  236, 
5  to  8,  Fig.  237,.. 
9andio,  Fig.  238, 


RiveU, 

dia- 
meter. 


inch. 


Pitch, 
trans- 
versely. 


inches. 

4 

4 
4 
5 


Secdonal  Area  of  Plate. 


Entire. 


sq.  in. 
10 
10  . 
10 
10 


Net,  transversely. 


sq.  inch. 
8.28 
8.125 
8.125 

8.5 


percent. 
82.8 
81.25 
81.25 

85 


Total 


of  Rivecs^ 


square 

7.42, or  90%ofiietML 

8.84,  or  no 
8.84,  or  no 
ia6i,  ori25 


ff 


ff 


ti 


ff 


H 


Chain.  Chain. 

Nos.  I  and  3.     Nos.  3  and  4.    Noc  5  to  8.    Nos. 9«lai^ 

Net  sectional  area. 82.8  %       81.25  %       85  %        85% 

Net  tensile  strength 77  76  78.6  84 

Strength  per  square  inch  of  j 

net  section,  in  terms  of  V   93  93.5  92.5  99 

that  of  entire  section j 

Mr.  Brunei  likewise  tested  Yorkshire  plates,  with  a  zigzag  rivet-joint  like 
Fig.  237;  and  the  average  breaking  weight  was  173  tons,  or  17.3  tons  per 
square  inch  of  the  entire  section;  equivalent  to  20.3  tons  per  square  inch 
of  net  section. 

Shearing  Strength  of  Rivets, — Taking  the  shearing  strength  of  iron  at  80  per 
cent,  of  its  tensile  strength  (see  page  588),  rivet-iron,  at  25  tons  per  squire 
inch  tensile  strength,  would  resist  a  shearing  stress  of  20  tons  per  square  indi 
This  conclusion  is  corroborated  by  the  test  of  Mr.  Brunei's  first  spedmcn. 
in  which  the  rivets  were  sheared  with  a  force  of  20.6  tons  p>er  square  inchoC 
shearing  section,  which  was  the  same  as  the  tensile  strength  of  the  plate. 
Nos.  I  and  2  with  "/xg-inch  rivets,  and  Nos.  3  and  4  with  J^-inch  rivets,  were 
practically  equal  in  strength;  whilst  in  the  former  the  shearing  section oC 
rivets  was  10  per  cent,  less,  and  in  the  latter  10  per  cent  more  than  the  net 
section  of  the  punched  plate.  In  the  zigzag  joints  the  shearing  section  was 
93.5  per  cent,  of  the  net  section  of  plate. 

In  Mr.  Bertram's  joints  the  shearing  section  of  rivets  was  94, 81,  and 
71  per  cent,  of  the  net  section,  for  the  ^,  7/,^,  and  j4-inch  plates  respect 
ively.  As,  in  a  few  specimens,  probably  j^-inch  specimens,  the  rivets  wen 
sheared,  take  8 1  per  cent,  as  the  lower  limit  within  which  the  rivets  provei 
at  least  as  strong  as  the  plate  at  the  rivets. 

In  Mr.  Wright's  square  joint  the  shearing  section  of  rivets  was  115  pe 
cent,  of  the  net  section.  That  the  excess  of  shearing  section  was  detr 
mental,  by  unnecessarily  reducing  the  net  section,  is  proved  by  the  k) 
tensile  strength  of  the  joint— only  48  per  cent  of  that  of  the  solid  plate. 

Conclusions  on  the  Strength  of  Rivet-Joints  in  Iron  Plate, — It  may  be  coi 
eluded  that  the  tensile  strength  of  iron  plates  of  good  qualiQr  is  n< 
materially  impaired  by  punching,  when  done  under  proper  condition 
Also,  that  the  shearing  section  of  rivets  should  not  in  any  case  exceed  tl 
net  section  of  plate ;  and  that  the  maximum  strength  of  joint  is  attainab 
when  the  shearing  section  is  from  90  to  100  per  cent  of  the  net  sectic 
of  plate. 
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In  the  Older  c^  s&cngth,  the  joints  propoitioned  on  this  pnnctple  nnge 

1.  Solid  plate 100 percent 

a.  Double-rivetted  doublc-welt  joint. 80"    „ 

3.  Double-rivetted  lap-joint 7»      „ 

4.  Double-rivetted  single-welt 65       „ 

5.  Sii^le-rivetted  lap-joint 60      „ 

These  percentages  are  to  be  acc^ed  as  for  plates  not  more  than  '/>«  ■'■'^ 
[uck.  For  thicker  plates  they  are  too  high,  except  ft-ith  the  double-welted 
lint,  which  is  equally  good  for  all  thicknesses. 

For  boilers  they  give  wider  pitches  than  are  usually  practised;  but  tbey 
te  oeverthdess  right  Mr.  AlacColl,  of  Glasgow,  maintains  that,  accivd- 
ag  to  his  own  experience,  steam-tight  joints  can  be  made  vith  much  wkkr 
itches  than  are  r^ularly  practised.  So  does  Mr.  W.  S.  Hall,  of  Nuaea- 
DO,  who  gives  the  folLomng  table  of  proportians:* — 

Table  Na  226,—  Proportioks  of  Rivet-Joints. 


"^^sr" 

^'-j.sr" 

...  1.7  '.'.'. 
:::  if  :; 

:"  LI  \" 

Pitch  of  rivets,  m  line 

Distance  apart  of  pitch  lines 

Distance  from  edge  of  plate 

:::  iS  ;: 

...  3.7  .. 

These  proportions  may  be  taken  as  a  guide,  not  as  a  hard  and  fast  rale. 


Tabic  No. 

217.— Proportions  of  Single  Rivet-Joints.* 

(Frencli  Pnetkc) 

— 

I>iu«(s'</  RiTfl..              Kich  or  Riv.1*. 

-             1 

iO,^ 

iKh. 

>d« 

1 

118 

8      1     .315     \      27           i^ 

1.18 

4 

«S» 

10           -394     i      32 

7 

'97 

47a  h  37 

i.4fi 

40 

1.58 

■^ 

\t 

.630      4S 

'1» 
1.89 

44 

1.73 

3'S 

'7 

■«'9           S' 

9 

354 

'9 

.748     \\      54 

a.13 

56 

3,30 

39* 

20 

■787            S6 

& 

2.38 

■8!7            S7 

3.24 

2.36 

■472 

.906            L 

2.36 

.512 

23 

3.36 

63 

64 

U 

.984            63 

J.4S 

66 

2.60 

.630 

1.034      1      6s 

3.56 

68 

a.68 

'  71*  Enginttr,  SqXember  a6,  1873,  page  204.     See  also  Mr.  Hall  in  EttgiHarimg, 
fAaPtistmi  da  Ingmiettn  ttriu  A  FEctU  dt  LUge,  1875,  page  339. 
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The  foregoing  table,  No.  226,  comprehends  sound  practice.  Tabk 
No.  227  is  given  by  M.  Paul  Havrez,  as  embracing  average  good  pracda 
in  France. 

Rivet-Joints  in  Steel  Plates. 

Strength  of  Perforated  Steel  Plates, — Fagersta-steel  plates  (table  Na  21^ 
page  610),  varying  from  }i  to  ^  inch  thick,  lost  from  3  to  26  per  cent  d 
their  tensile  strength  by  punching;  but  the  strength  was  not  impaodj 
by  drilling.  When  the  plates  were  annealed  before  punching,  the  streqjdl 
was  not  diminished. 

Mr.  Henry  Sharp,^  experimenting  with  5/,5-inch  plate,  of  about  36  tOM 
tensile  strength,  also  found  that  with  drilled  holes  there  was  no  Ion  d 
strength;  but  when  the  holes  were  punched,  the  strength  was  reduced  to 
about  24  tons  per  square  inch  of  net  section,  or  one-third. 

Much  depends  on  the  stress  applied  in  punching  the  plate.  A  ^-ind 
steel  plate  was  cut  in  two.  In  one  piece  "/,6-inch  holes,  at  ifi  inchpitdi, 
were  pierced  by  means  of  an  ordinary  punch,  with  a  die  having  hudj 
7i6  inch  clearance.  The  second  piece  was  also  punched,  but  with  a  die 
having  3/,6  inch  clearance.  The  tensile  strengths  per  square  inch  of  nd 
section  were  respectively  26  tons  and  32.53  tons.  Clearly,  the  metal  was 
less  strained  in  the  second  specimen,  in  consequence  of  the  greater  Oacilitj 
for  clearing  the  punch. 

Mr.  Barnaby  punched  four  holes  s/s  inch  in  diameter,  in  eight  speciineu 
of  ^-inch  plate  3.6  inches  wide,  four  of  which  were  annealed.  The  aver 
age  tensile  strengths  of  the  unannealed  and  the  annealed  specimens  ven 
respectively  21.1  tons  and  32.8  tons  per  square  inch: — conclusive  evidcno 
of  the  value  of  annealing  in  reducing  the  loss  of  strength  caused  by  pond] 
ing  steel  plates. 

Rivetted  Joints. — Steel  plates  have  not  been  satisfactorily  united  by  stc< 
rivets,  and  therefore  iron  rivets  are  used.  M.  Barba  considers  that 
steel  plate  9  millimetres,  or  .354  inch  thick,  may  be  substituted  as  an  equ 
valent  for  an  iron  plate  12  millimetres  or  .472  inch  thick,  the  thickness 
being  as  3  to  4;  and  that  iron-rivetting  suitable  for  iron  .472  inch  thi( 
should  therefore  be  used  for  steel  .354  inch  thick. 

Strength  of  Rivetted  Joints, — ^The  real  loss  of  tensile  strength  by  punc 
ing  holes  in  plates,  must  be  greater  than  what  is  indicated  by  a  direct  coi 
parison  of  the  tensile  resistance  of  isolated  specimens;  since,  in  practic 
boiler  and  girder  work  consist  of  plates  put  together  in  masses,  and  tl 
ultimate  strength  of  a  plate  so  situated  is  greater  than  the  strength 
indicated  by  a  specimen  strip  only  2  or  3  inches  wide ;  for  the  reason  th; 
in  the  mass,  there  is  no  liberty  for  such  lateral  contraction  as  takes  place 
isolated  strips  submitted  to  tensile  stress.  This  view  is  corroborated  by  t 
fact  that  very  short  specimens,  in  which  there  is  little  or  no  scope  for  cc 
traction  laterally,  oppose  a  greater  resistance  to  rupture  than  long  specimei 

The  reduction  of  tensile  strength  by  punching  steel  plates  will  be  tak» 
at  20  per  cent 

As  a  general  rule,  steel  boilers  are  double-rivetted.  Steel  plates  s/,g  ini 
thick,  are  united  by  9/jg.inch  iron  rivets,  at  i  f^  inches  pitch.  The  rive 
are  of  double-worked  rivet-iron. 

*  Transactions  of  the  InstituU  of  Naval  Architects,  1868. 
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STRENGTH  OF  PILLARS  OR  COLUMNS. 

Mr.  Stoney  lucidly  develops  the  leading  principles  of  the  resistance  of 
columns  supporting  incumbent  loads,^  which  are,  no  doubt,  strictly  appli- 
cable to  columns  of  perfectly  homogeneous  material.     He  shows  that  the 
strength  of  very  long  square  or  round  pillars  varies  directly  as  the  4th 
power  of  the  diameter,  and  inversely  as  the  square  of  the  length ;  that  it 
depends  not  on  the  direct  strength  of  the  material,  but  on  the  coefficient 
of  dasticity,  which  represents   the  stiffness  and    capability  of  resisting 
flexure;  that  the  strengths  of  similar  long  columns  are  as  the  squares  of  any 
Snear  dimension,  or  as  the  sectional  areas,  whilst  their  weights  are  as  the 
cubes  of  the  dimension ;  and  that,  if  the  strengths  of  long  pillars  of  similar 
section  are  the  same,  while  the  length  varies,  the  sectional  areas  vary  as  the 
lengths,  and  the  weights  vary  as  the  squares  of  the  lengths.     Finally,  that 
die  weight  which  produces  moderate  flexure  in  a  very  long  pillar  is  also 
foy  near  the  breaking  weight,  as  a  trifling  additional  load  bends  the  pillar 
fay  much  more,  and  strains  the  fibres  beyond  what  they  can  bear — a 
ooDclusion  of  great  practical  importance,  which  has  been  corroborated  by 
Qq)erience. 

Mr.  Hodgkinson's  Investigations. 

The  following  is  an  abstract  of  Mr.  Hodgkinson's  conclusions  on  the 
resistance  of  cast-iron  columns,  under  loads.  The  mode  of  fracture  of  cast- 
iron  struts  or  columns  under  compression,  is  the  same  when  the  height  is 
greater  than  the  diameter  of  the  specimen,  and  not  greater  than  four  or 
five  times  the  diameter.  When  the  height  is  greater,  the  specimen  bends. 
Fracture  usually  takes  place  by  the  two  ends  of  the  specimen  forming  cones 
or  pyramids,  splitting  the  sides,  and  throwing  them  out.  Sometimes  the  end 
slides  off  as  a  wedge,  the  height  of  which  is  somewhat  less  than  1.5 
diameters.  The  tensile  and  compressive  resistances  average  as  i  to  6.6;  or, 
as  the  specimens  were  of  unequal  quality,  the  ratio  should  be  i  to  7  or  8, 
giving  49  tons  per  square  inch  for  the  ultimate  compressive  resistance. 

Long  Columns, — Experiments  were  made  on  castings  of  Lowmoor  No.  3 
iron.  Of  three  cylindrical  columns  having  the  same  diameter  and  length, 
the  first  had  the  ends  rounded;  the  second,  one  flat  end  and  one  round 
end;  the  third,  both  ends  flat     The  strengths  were  as  i,  2,  3  nearly. 

A  long  flat-end  column  has  the  same  strength  as  a  round-end  pillar  of 
half  the  length.  The  same  properties  apply  to  pillars  of  steel,  wrought-iron, 
and  wood.  Swelling  a  pillar  at  the  middle  adds  not  more  than  one-seventh 
10  the  strength.  The  power  of  resistance  is  as  the  3.6  power  of  the  dia- 
meter, and  as  the  1.7  power  of  the  length. 

These  remarks  apply  to  all  pillars  not  less  than  30  diameters  in  length, 
up  to  120  diameters;  and  the  following  are  the  formulas  for  the  breaking 
load  of  fiat-ended  columns : — 

Solid  columns,     W  =  44— j— (  4  ) 

Hollow  columns,  W  =  44 — — , (  5  ) 

in  which  D  is  the  external  diameter  in  inches,  d  the  internal  diameter  in 
bches,  L  the  length  in  feet,  W  the  breaking  load  in  tons. 

*  734^  Theory  of  Strains,  1873,  page  244. 
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Short  Flexible  Columns. — ^The  resistance  is  compounded  of  compressive 
resistance  and  transverse  resistance.  Let  W  =  the  breaking  load,  and  c- 
the  direct  compressive  resistance  of  the  column  (say  49  tons  x  sectional 
area  in  square  inches),  then,  having  first  calculated  the  breaking  weight  W 
by  the  above  formula,  (  4 )  or  (  5  ),  the  strength  is  found  by  the  formda, 

W'  =  -J:5-i~ (  6  ) 

This  formula  is  inferred  from  the  nature  of  the  compound  strain;  the  results 
given  by  it  are  nearly  correct,  but  rather  excessive. 

The  strength  of  long  similar  colunms  is  nearly  as  the  sectional  area,  or 
nearly  as  the  square  of  the  diameter;  it  is  as  the  1.865  power. 

The  strength  of  taper  columns  is  to  that  of  cylindrical  columns  as 
D'  D'*  to  D\  the  extreme  diameters  of  the  taper  column  being  D  and  D'. 
If  the  two  columns  be  of  the  same  length  and  solid  content,  the  cylindrical 
one  is  the  stronger. 

The  strength  of  a  column  of  a  double-flanged  section  is  only  three-fourths 
of  that  of  a  uniform  hollow  cylinder  of  equal  weight;  and  that  of  a  colunm 
of  cruciform  section  is  less  than  half 

The  strength  of  a  solid  square  cast-iron  column  is  50  per  cent  more  than 
that  of  a  round  column  of  the  same  diameter. 

A  column  irregularly  fixed,  so  that  the  pressure  is  taken  diagonally,  has 
only  a  third  of  the  strength  when  squarely  fixed. 

Cast-iron  pillars,  with  discs  on  the  ends,  are  somewhat  stronger  than 
those  with  simply  flat  ends. 

Solid  square  cast-iron  pillars  bend  or  break  in  the  direction  of  a  diagonal 

A  slight  inequality  in  the  thickness  of  hollow  cast-iron  pillars  does  not 
reduce  the  strength  materially. 

Square  is  the  strongest  section  for  timber  rectangular  in  form. 

Comparative  Strength  of  Long  Columns. 

Cast  iron 1000 

Wrought  iron 1745 

Cast  steel 2518 

Dantzic  oak 109 

Red  deal 78,5 

3.6  Powers  of  Diameters. 


Diameter. 


I 

2 


Power. 


I 

4.3 
12.125 

27.076 


Diameter. 


3 

3.5 
4 
5 


Power. 


52.196 
90.917 

147.03 
328.32 


Diameter. 


6 

7 
8 

9 


Power. 


632.91 
1 102.4 
1782.9 
2724.4 


Diameter. 


10 
II 
12 


Power. 


.3981.07 

!  56ia7 
7674-5 


1.7  Powers  of  Lengths. 


I 

2 

3 
4 

5 
6 


I 

325 
6.47 

10.55 

15.42 
21.03 


7 

27.33 

13 

78.3 

8 

34.29 

14 

88.8 

9 

41.9 

15 

99.85 

10 

50.12 

16 

IIM3    , 

II 

58.93 

18 

136.13 

12 

68.33 

20 

162.84 

1 

21 

176.92 

22 

191.48 

24 

222.0 

26 
28 

254-3 
288.5 

30 

324.4 
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Mr.  F.  W.  Shields  gives  the  safe  load  on  hollow  cast-iron  columns  of 
good  construction,  with  flat  ends,  and  with  base  plates.^ 


THiacmss. 

Load  per  square  inch  of  Sectional  Area. 

Length  so  to  24  Diameters. 

35  to  30  Diameters. 

^  and  upwards, 

tons. 

2 

tons. 

iM' 

IX 
I 

The  reduction  of  the  load  per  square  inch  with  the  thickness,  is  devised  to 
allow  for  liability  to  weakness  from  inequalities  of  the  casting. 

Mr.  Gordon's  Rules. 

The  first  and  second  formulas  were  deduced  by  Mr.  Lewis  D.  B.  Gordon 
from  the  results  of  Mr.  Hodgkinson's  experiments. 

As  here  given,  they  show  the  total  breaking  weight  of  a  cast-iron  column  with 
flat  ends.  The  succeeding  formulas  for  the  strength  of  columns  of  wrought- 
iron  and  steel  have  been  constructed  on  the  basis  of  Mr.  Gordon's  formulas. 


I.  Far  solid  or  hollow  round  cast-iron  columns: 


W=- 


36  a 


1  + 


400 


(  7  ) 


2.  For  solid  or  hollow  rectangular  cast-iron  columns: — 

36  a 


W  = 


(    8    ) 


x  + 


500 


3.  For  solid  rectangular  wrought-iron  columns  (Mr,  Stoney): — 

16  a 


W  = 


1  + 


r* 


.  (    9    ) 


3000 


4.  For  columns  of  angle y  tee^  channel ^  or  cruciform  iron  (Mr,  Unwin):—^ 


W  = 


19  a 


(  10) 


1  + 


900 

5.  Solid  round  columns ^  of  mild  steel  (Mr  Baker )> 

y>a 


W  = 


1  + 


r* 


(XI) 


1400 


*  Thmsacti^Hs  of  the  British  Association^  1 86 1. 
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6.  Solid  round  columns y  strong  steel  (Mr.  Baker): — 

w=-5i^ (xO 

900 

7.  Solid  rectangular  columns,  mild  steel  (Mr.  Baker): — 

w=-^ (13) 

2480 

8.  Solid  rectangular  columns,  strong  steel  (Mr,  Baker): — 

W  =  -51^,- (14) 

1600 

W  =  the  breaking  weight  in  tons. 
a  =  the  sectional  area  of  the  material  in  inches. 

r  -  the  ratio  of  the  length  to  the  diameter.  The  diameter  for  calculatioi 
is  the  least  diameter  of  the  section,  or  that  in  the  direction  of  whid 
the  piece  is  most  flexible. 

Mr.  Hodgkinson's  Rules  for  Timber  Columns. 

When  both  ends  are  flat  and  well-bedded,  and  the  length  exceeds  3 
diameters : — 

Long  square  columns  of  Dantzic  oak  (dry): — 

W=  10.95:^ (  IS) 

Long  square  columns  of  red  deal  (dry): — 

W=7.8o-^;- (  16) 

Long  square  columns  of  French  oak  (dry): — 

W  =  6.90-^  (  17  ) 

W  =  the  breaking  weight  in  tons. 
d=  the  breadth  in  inches. 
/=  the  length  in  feet 

When  timber  columns  are  less  than  30  diameters  in  length,  their  stren] 
is  calculated  by  formula  (  6 ),  page  644,  for  which  the  value  of  W  is  to 
calculated  by  one  of  the  above  formulas. 

When  the  column  is  oblong  in  section,  multiply  the  result  as  found 
the  shorter  dimension  of  the  section  by  the  ratio  of  the  longer  to  the  shoi 
dimension. 

Mr.  Brereton's  Experiments  on  Timber  Piles. 

Mr.  R.  P.  Brereton  gives  the  loads  that  could  be  borne,  as  found  fr 
experiments,  by  large  fir  or  pine  timber  12  inches  square,  of  various  lengt 
10  feet  long  bore  120  tons;  20  feet  long,  115  tons;  30  feet  long,  90  to 
40  feet  long,  80  tons.  Mr.  Stoney  plotted  these  results,  and  construe 
the  following  table  from  the  curve : — 


CAST-IRON  FLANGED  BEAMS. 


.0 

IS 

ao 

25 

30 

35 

40 

45 

50 

1          »w»""-"         

n  "Wc^t  thil  can  be  borne  in  toni  per  j 

130 

118 

"S 

100 

90 

84 

80 

77 

75 

V  -""""■'■"°" 

I 

Checking  this  table  by  Mr.  Kirkaidy's  experiments  {page  547)  on  balks 
«!  Riga  and  Dantzic  timber,  having  a  length  of  zo  feet,  which  was  18^ 
times  the  width,  the  actual  breaking  weights  were — 

Tolal,  per  iquarr  fool  of  Section.        Bj  Mr,  Stonty'.  Cunre. 

Riga 14S  tons,         or  iz6  tons,  116  tons. 

Dantzic 138     „  oriii     , 116     „ 


Mean.. 


ibowing  a  dose  correspondence  between  the  results  of  experiments  con- 
dncted  independently.  Mr.  Hodgkinson's  rule  gives  results  which  are 
niher  less  than  those  that  are  given  in  Mr.  Stoney's  table. 

Mr.  Laslett's  Experiments  on  Columns  of  Wood 
A  notice  of  Mr.  Laslett's  experiments  is  given  at  page  541.     H    d  du  es 
fJDiii  his  experiments,  repeated  for  many  kinds  of  wood:  that  th    m      mum 
resistance  of  scjuare  pieces  to  compression  is  exerted  when  th  nal 

area  in  square  mches  is  to  the  length  in  inches  approximately  2405 
ibr  equal  seasoning  and  equal  specific  gravities.     According  to  h    d  du 
t'on,  the  maximum  resistance  of  12-inch  square  balks  on  end,  would  be 
eieRed  when  they  are  15  feet  in  length. 


CAST-IRON  FLANGED  BEAMS. 
Mr.  Hodgkinson  tested,  for  transverse  strength  and  deflection,  a  number 
of  cast-iron  model  beams  of  various  proportions,  and  he  discovered  that 
the  maximum  strength  of  double-flanged  beams,  for  a  given  sectional  area, 
was  realized  when  the  area  of  the  upper  flange  was  one-sixth  that  of  the 
lower  Sai^e.  This  conclusion  harmonizes  with  the  fact  that  the  resistance 
of  cast  iron  to  compression  is  from  5  to  6  times  the  tensile  resistance;  and, 
as  a  scientific  fact,  it  has  its  value.  The  general  formula  (19),  page  511, 
for  Banged  beams,  is  as  follows; — 

^_rs(4a+i.i55a')^ ^  ^  ^ 

in  which  a  is  the  sectional  area  of  the  lower  flange;  d'  that  of  the  web, 
J'  the  reputed  depth  of  the  beam  and  of  the  web,  taken  as  the  total  depth 
minus  the  thickness  of  the  lower  flange,  /  the  span,  all  in  inches,  and  W 
the  breaking  weight  at  the  middle,  in  tons.  Sections  of  cast-iron  beams 
which  have  been  tested,  are  given  in  Figs.  239-258,  comprising  17  model 
beams  tested  by  Mr.  Hodgkinson,  and  6  model  beams  by  Mr.  Berkley;  like- 
vise  1 1  large  beams.*    Mr.  Berkley's  model  beams  are  in  pairs,  and  have  the 


'  See  Hodgkinson 
PrKtedings  tff  Iht  Imti 
onlbe  "Si        ■'     " 


the  Strength  and  other  Proptrtia  of  Cast  Iron,  1S461  a.nd  Ihe 
•ien  of  Civil  Engiiueri,  vol.  nnii.  page  J52  {Mr.  Berkley's  paper 
lucf^h  of  Itoq  and  Sled  "). 
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same  dimensions  as  Nos.  6,  7,  and  12  respectively.  Table  No.  228  con- 
tains, in  part  i,  the  needful  particulars  of  those  besuns,  and  of  the  ultimate 
breaking  weight,  both  actual  and  as  calculated  by  fonnula  (i).  The 
deflection  and  the  elastic  strength  of  the  beams  are  given  in  part  2  of  the 
table.  A  tensile  strength  of  7  tons  per  square  inch  has  been  adopted  in  the 
calculation  of  the  ultimate  strength  of  Mr.  Hodgkinson's  model  beams, 
6yi  tons  for  the  large  beams,  and  10^  tons  for  Mr.  Berkley's  modd 
beams;  for,  though  his  test-castings  bore  a  greater  tensile  load  than  loji 
tons,  they  were  too  short  in  the  tested  portion,  which  was  i  inch  square 
and  only  i  }i  inches  long,  for  the  action  of  simple  tensile  resistance. 


Na  I. 


No.  a. 


^ 


Not.  3,4- 


^ 


Nas. 


Not.  6f  18,  X9. 


^ 


Noft.  7,  90^  tl. 


NaS. 


c:; 


No.  9. 


K«.  10. 


No.  n. 


"=) 


1 


Nos.  ra,  St,  n. 


s?=» 


S7=» 


C 


;] 


C 


No.  13. 


No  14.  No.  15.  No.  16. 

Scale  of  Not.  x  to  17— One-tenth  foil  aise. 


No  1?. 


r? 


■^ 


C^T3 


No.  24. 


i=L 


z:i 


No.  ^i.  No.  9& 

Scale  of  Nos.  34  lo  97— One-twentieth  full  tin. 


Na  87. 


Figs.  239-258. — Sections  of  Cast-iron  Beams  tested  for  Transverse  Strengdi 
by  Mr.  Hodgkinson,  Mr.  Berkley,  and  others.    Table  No.  228. 
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iMe  No.  aaS. — Strength  of  Cast-iron  Flanged  Beams. 

Part  i.— Ultiuatb  Transvbrsb  Stkehcth. 

I.  Model  Beams. 


Thkk«M. 

Fl«ne«. 

BieakbiE  WiJEhi  u 

D=pll. 

1 

SpBL 

""iS,.*" 

■liddic. 

Wek 
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CalculUid. 

w 

AciuiO. 
W 

f«L 

incba 

iK-llCS. 

ind«        .,,inch». 

raljo. 

tons. 

mat. 

Koogkinson's  Beams.     Assumed  lensile  strength,  7  Ions 

per  square 
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SH 
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5 

1  tol 
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30 

55 

3.27 

3.29 

31 

.57 

II04 
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3.69 

33 

.56 

3-S7 

3.64 
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.51 

'-57 
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38 

H 
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34 
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33 
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35 
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7-54 

34 

■54 
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1105.6 

9.56 

8,68 
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.66 

4.40 

1106 

n^ 

11,65 

335 

-65 

4-3' 

1107 

10.40 

34 

-5' 

3- 3  J 

I  to  6.7 

g.oa 

9.40 

7 

6,93 

33 

■75 

4  54 

t1a6 

10.26 

9,90 

4.10 

40 

■74 

4-44 

1106 

5.41 

6.0s 

9.0 

to'4 

35 

■77 

4. 7* 

1  to  8.3 

13-28 

12.S0 

+S 

S'A 

.46 

i.(H 

none 

3,83 

3-93 

Averages  for  17  beams 

,  to 4.6 

7,07 

7.01 

Berkley's  Beams.     Assumed  tensfle  strength 

10. 5  tons 

per  scjuare 

nch. 

4-5 

SH 

.38 

-53 

a,  10 

lto4 

9,67 
9-67 

low 

■34 

■  56 

3:89 

■  .o'sji 

;;:8i 

■335 

■6S 

4.'3i 

ito'7 

16,47 
17,08 

Averages  for  6  beams 

1105.5 

12.76 

12.64 



1.   Lakge  Beams.— Assumed  teniile  sirengih,  6 

5  ions  per 

square  ine 

(Reponed  by  Mr.  Hodcklns 

an.) 

|i8.o 

»7 

.62s 

i.'S 

10.31 

1  to  4.6 

a493 

35.0 

...67 

9 

'K 

'.5 

11.00 

t  to  1.33 

21.24 

300 

37.4 

3P-S 

3.08 

2.07 

25.05 

94.64 

76.6+ 

aji 

36.1 

1  336 

3-'* 

74-60 

none 

330.O 

»53-»+ 

Mr.  Cuhitt's  Beams. 

15.0 

7-15 

1,04 

'■59 

7,98 

1 103.6 

7.75 

7.00 

7.17 

■■59 

1     8,11 

11.3.6 

J.96 

7- '3 

10.7s 

■93 

1.04 

,     5- as 

'to  3.3 

It. so 

10.75 

I. OS 

';SI 

5-4a 

1  10  2.3 

ii!7i 

\i.¥ 

-73 

4-47 

1 10  3,7 

11.95 

10.15 

■  95 

1.09 

559 

I  to  3.35 

14,89 

\i.li 

14.0 

•91 

6.50 

18.39 

17.35 

.68 

'■.8^ 

4-96 

»9  39 
15-63 

16.00 

7 

S 

7- '5 

1.06 

1-59 

8.03 

1 10  3.4 

15.63 

10.75 

.91 

5. 16 

1103.15 

a3^87 

Aveinges  for  11  of  these  large  beams 

1103.17 

17,00 

.7,08 

1104.30 

11.31 

11,36 
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Table  No.  228  {amtinued). 
Part  2. — Deflection  and  Elastic  Strength. 

I.  Model  Beams. 


i 

Limits  of  Elastic  Strength. 

Ratio  of 

Reference 

Number. 

Form  of  Beams. 

Elastic 

Strength  to 

Breakimg 

of 

Deflection 

Load. 

Inches  per 

Efatfidtr. 

at  middle. 

tonofkMKL 

Weight. 

tons. 

inches. 

tons. 

inches. 

peroenL 

E 

I 
2 

Mr.  HODG 

iKINSON's  B 

EAMS. 

3 

4 

5 
6 

7 
g 

Elliptical. 
Do. 

.45 
.49 

5.670 
7.244 

.079 
.068 

88 
91 

4980 

9 

Uniform  depth. 

.33 

6.872 

.048 

1^ 

4372 

10 
II 

Do. 

.36 

7.454 

.048 

34» 

12 

Do. 

.48 

10.254 

.047 

99 

3324 

13 

Elliptical. 

.46 

8.503 

.054 

90 

5438 
4284 

14 

Uniform  depth. 

.60 

9.204 

.065 

93 

IS 

Do. 

.70 

3.787 

.185 
.048 

63 

5520 

16 

Do. 

.55 

11.450 

89 

5208 

17 

Segmental. 

.42 

3.700 

.114 

94 

5600 

Averages  for  10  beams 

88 

4758 

Mr.  Berkley's  Beams. 

18 

Uniform  depth. 

.245 

7.00 
8.00 

.035 

^ 

7400 

19 

Do. 

.271 

.034 

7654 
5486 

20 

Do. 

.387 

10.00 

.039 

85 

21 

Do. 

.332 

9.00 

.037 

76 

5760 

22 

Do. 

.264 

8.00 

.033 

56 

5274 

23 

Do. 

.303 

10.00 

.030 

55 

5J54 

Averages  for  6 

beams 

70 

6118 

2.  Large  Beams. 

(Reported  by  Mr.  Hodgkinson.) 

i 
1 

24 
3  beams 

!    S^mental. 

1. 00 

20.0 

.050 

80 

4632 

25 

.33 

10. 0 

.033 

50 

•> 

• 

26 

S^mental. 

1.29 

76.6 

.017 

? 

4236 

27 

.68 

1530 

.0044 

? 

? 

Mr.  Cubitt*s  Beams. 

1 

28 

Uniform  section. 

1-54 

6.0 

.257 

86 

4760 

29 

Do. 

1.215 

50 

.243 

70 

4706 

30 

Do. 

.645 

7.0 

.092 

61 

5340 

31 

Do. 

1.04 

II.O 

.095 

92 

4900 

32 

Do. 

.60 

9.0 

.067 

88 

5566 

33 

Do. 

.90 

15.0 

.060 

95 

5032 

34 

Uniform  depth. 

.41 

6.0 

.070 

49 

4840 

35 

Do. 

.76 

16.0 

.048 

100 

5226 

36 

Uniform  section. 

.31 

10.0 

.031 

64 

4884 

37 

Do. 

.261 

20.0 

.013 

84 

4762 

Averages  for  12  beams 

77 

4906 

Total  averaces  for  28  bwinr 

IS 

79 

5"3 

A    ^^  %«A  A       ••  W  ^^BwAs—^^^      ^"■■"~        .^«»— -—           »»-——.»  — 
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Notes  to  Table  No,  228. 

*Na  26 — "broke  apparently  in  consequence  of  an  accidental  shake." 

*No.  27 — "with  this  load,  153  tons  in  the  middle,  the  experiment  was  discontinued, 

>  tte  apparatus  was  overstrained." 

-*No.  32 — "bottom  flange  unsound." 

*Na  54 — "bottom  flange  unsound." 

'  No.  35 — "bottom  flange  unsound." 

•No.  37 — "nearly  bat  not  quite  sound." 

The   contents   of   the  table   exhibit  a  surprisingly  close    conformity 

iSkoughout  between  the  calculated  and  the  actual  ultimate  strengths  of  such 

as  were  sound,  and  were  fairly  tested  and  broken.     The   total 

for  34  cast-iron  beams  show  that,  with  a  ratio  of  upper  to  lower 

Ange  of  I  to  4.30,  the  breaking  weight,  as  calculated,  was  11. 31  tons,  and 

as  tested,  11.26  tons. 

It  further  app>ears  that  the  ultimate  strength  of  a  cast-iron  beam  is  scarcely 
affected  by  the  proportionate  size  of  the  upper  flange;  and  that  the  formula 
( I ),  page  647,  may  be  adopted  for  the  calculation  of  the  strength  of  flanged 
cast-iron  beams  of  any  ordinary  section.  It  is  sufficient  to  employ  the  factor, 
7  tons,  for  castings  of  less  than  ^  inch  in  thickness,  and  6.5  tons  for  those 
which  have  a  thickness  of  i  inch  and  upwards.    Taking  the  span  in  feet : — 

Ultimate  Transverse  Strength  of  Cast-iron  Flanged  Beams, 

For  the  thinner  castings W- ^ — 1 (  2  ) 

For  the  thicker  castings W  =  — v  -5^     1.9^  ; (  3  ) 

VV  =  the  breaking  weight  in  tons  at  the  middle;  a  the  sectional  area  of  the 
lower  flange,  and  a"  the  sectional  area  of  the  web,  taken  at  the  reputed 
depth,  both  in  square  inches;  /  the  span  in  feet.      The  reputed  depth 
is  the  total  depth  minus  the  thickness  of  the  lower  flange. 
The  following  are  the  constants  for  other  factors  of  tensile  strength : — 


Tensile  strength  per  square  inch. 


Constants  in  formula  2  or  3> 


for  a. 

6      tons  6 

6J<    „  6.75 

7>^    »  7-5 

8  „  8 

9  »  9 

10        „  10 


forfl' 

2.0 
2.2 

2.6 
2.9 


Approximate  Rule  for  the  Strength  of  Cast-iron  Flanged  Beams, 

Referring  to  formula  ( 2 )  for  a  tensile  strength  of  7  tons : — To  the 
sectional  area  of  the  lower  flange  add  a  fourth  of  the  sectional  area  of 
the  web,  calculated  on  the  total  depth,  both  in  inches;  multiply  the  sum 
by  the  total  depth  in  inches,  and  by  2^ ;  and  divide  the  product  by  the 
span  in  feet     The  quotient  is  the  breaking  weight  at  the  middle,  in  tons. 

For  any  other  tensile  strength,  use  it  as  the  multiplier  instead  of  2^, 
and  divide  the  product  by  3,  and  by  the  span.  The  quotient  is  the 
breaking  weight 
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Elastic  Strength  and  Deflection  of  Cast-iron  Flanged  Beaxs. 

From  the  observations  of  the  experimentalists  on  the  deflection  of  the 
beams  noted  in  the  second  part  of  table  No.  228,  it  is  shown  that  the  elastic 
strength — that  is,  the  limit  of  load  for  uniform  increments  of  deflection, 
irrespective  of  set — as  given  in  the  table,  averages  about  80  per  cent  of  tbe  1 
ultimate  strengths.  The  value  of  the  coefficients  of  elasticity,  E,  were  od- 
culated  tentatively  by  means  of  the  formula  (  13  ),  page  531,  for  beams  of 
constant  depth  and  uniform  strength  loaded  at  middle;  but,  since  alltlie 
beams  excej^ting  six  of  Cubitus  beams  were  proportioned  for  carrying  ; 
uniform  loads,  the  tentative  values  found  for  these  beams  were  modified 
according  to  their  special  forms,  on  the  principles  already  adopteii  in  the 
general  section  on  the  deflection  of  beams,  pages  529,  530,  to  give  the  proper 
values  of  E.  The  general  average  value  for  E  is  5 113,  and  the  numerical 
coefficient  of  the  formula  ( 13  ),  page  531,  being  multiplied  into  this  vahic^ 
gives  the  resultant  coefficient  for  beams  of  cast  iron.  The  general  fomiuh 
is  as  follows ;  c  being  the  coefficient : — 


Deflection  of  Cast-iron  Flanged  Beams. 


D  =  . 


W/' 


(^E)//^'(4a+ 1.155  a'") 


(4) 


Values  of  {c  E),  to  be  employed  in  this  formula. 

Length  in       Lengtib  in 
inches.  feet 

1.  Constantdepth,  uniform  Strength,  load  at  middle....  20,700  ...  12 

2.  Do.  do.  uniform  load 41,400  ...  24 

3.  Constant  breadth,         do.  load  at  middle. .. .   10,350  ...    6 

4.  Do.  do.  uniform  load 27,600  ...  16 

5.  Uniform  section,  load  at  middle....  20,700  ...  12 

6.  Do.  uniform  load 33,120  ...  19 

D  =  the  deflection,  b  -  the  breadth,  d"  ^  the  reputed  depth,  or  the  ex- 
treme depth  minus  the  thickness  of  the  lower  flange,  all  in  inches;  /=the 
span,  in  inches  or  feet;  fl:  =  the  sectional  area  of  the  lower  flange  at  the 
middle,  and  ^^  uhat  of  the  web  at  the  middle,  reckoned  on  the  reputed 
depth;  W-thc  load  in  tons. 

Approximate  Rule. 

To  the  sectional  area  of  the  lower  flange,  add  one-fourth  of  the  sectional 
area  of  the  web,  calculated  on  the  whole  depth,  both  in  inches;  multiply 
the  sum  by  the  square  of  the  depth  in  inches,  and  by  the  proper  coefficient 
in  the  following  list;  making  a  product  A.  Multiply  the  load  at  the  middle 
in  tons,  by  the  cube  of  the  span  in  feet;  and  divide  this  product  by  the 
product  A.     The  quotient  is  the  deflection  in  inches. 


No.  I.  Coefficient 48 

No.  2.  „         96 

No.  3.  „         24 


No.  4.  Coefficient 64 

No.  5.  „         48 

No.  6.  ,,         76 
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WROUGHT-IRON   FLANGED    BEAMS   OR   JOISTS. 

Solid-Rolled  Wrought-Iron  Joists. 

i  usual  section  of  solid-rolled  wrought-iron  beams  or  joists  is  shown 
;s.  259,  260,  261,  and  262,  page  654.  For  practical  facility  of  rolling, 
mges  rarely  ever  exceed  6  inches  in  breadth;  and  the  breadth  of 
varies  from  a  third  of,  to  an  equality  with,  the  depth, — the  latter  ratio, 
irse,  only  occurring  for  small  sizes.  The  flanges,  also,  have  a  taper 
1  on  each  side  of  the  web. 

joists  of  ordinary  proportions,  the  thickness  of  the  web  is  from  '/aeth 
th  of  the  depth  of  the  beam,  being  thicker  as  the  relative  breadth  of 
jiges  is  increased ;  but,  by  setting  the  rolls  wider  apart,  the  thickness 
»e  increased  a  half  or  two-thirds  more.  The  mean  thickness  of  the 
s  is  from  Vi9^  to  Vioth  of  the  depth.  The  slope  or  taper  of  the 
s  in  section  is  usually  about  i  in  7,  on  each  side  of  the  web.  The 
►  can  be  rolled  to  lengths  of  30  feet;  but  they  cost  less  per  ton  when 
ngths  do  not  exceed  20  feet. 

)le  No.  229  shows  the  average  proportions  of  the  thickness  of  the 
Lnd  the  mean  thickness  of  the  flange,  for  various  proportional  breadths 
iges,  the  depth  being  taken  as  i. 

Table  No.  229.—  Proportional  Dimensions  of  Solid 

Wrought-iron  Joists. 


of 

L 

Dreadth 

of 
Flange. 

Thickness 
of  Web. 

Mean 

Thickness 

of  Flanges. 

Depth  of 
Joist. 

Breadth 

of 
Flange. 

.75 

Thickness 
of  Web. 

Mean 
'J'hk:kness 
of  Flanges. 

•3 

1/26 

1/19 

1/16.3 

1/II.5 

.35 

1/24.5 

1/18 

.8 

1/15-3 

I/I  I 

.4 

1/23 

I/17 

.85 

1/14.6 

1/IO.5 

.45 

1/22 

1/16.2 

•9 

1/14 

i/io 

•5 

1/2I 

1/15-3 

•95 

1/13-7 

1/9-7 

.55 

1/20 

1/14.3 

1. 00 

1/13-5 

1/9.5 

.6 

1/19 

1/13.5 

.65 

I/18 

1/12.8 

.7 

1/17 

1/12 

1 

i  dimensions  of  a  variety  of  solid-rolled  joists  actually  manufactured, 
I  the  minimum,  or  what  may  be  called  the  normal,  thickness  of  web, 
/en  in  table  No.  230,  next  page.  The  reputed  weights  per  lineal  foot 
/en  in  the  fifth  column.  The  ultimate  strengths  for  a  span  of  10  feet, 
sixth  column,  are  calculated  by  the  first  approximate  rule  with  formula 
)age  656;  and  the  safe  distributed  load  in  the  last  column  is  taken  as 
lird  of  the  breaking  weight  at  the  middle,  according  to  a  factor  of  6. 
find,  from  table  No.  230,  the  ultimate  strength  of,  or  the  safe  per- 
it  load  for,  a  joist,  for  any  other  span  than  10  feet,  multiply  the  tabular 
t  for  the  beam  of  the  given  section  by  10,  and  divide  the  product  by 
ven  span. 

ersely,  to  find  the  span  for  a  joist  of  a  given  section,  with  a  given  weight, 
>ly  the  tabular  weight  by  10,  and  divide  the  product  by  the  given  weight 
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Table  No   230. — Solid-rolled  Wrought-iron  Joists: — Dimenskx 

Weight,  and  Strength.    Span,  10  Feet. 


Depth  of 
Beam. 


inches. 
16 

14 

14 
12 

12 

10 

10 

10 

9X 
8 

8 

8 

8 

8 

7 

7 

7 

7 

6X 

6X 

6X 
6 

S'A 

5 
5 

4^4: 

4 

4 

3H 

3 

3 


Breadth 
of  Flanges. 


inches. 

SH 
6 

6 

5 

4^4^ 

4^^ 

4>^ 

4>^ 

3^ 

5>^ 

5 

4 

2>^ 

2H 

3>^ 

3H 

2)4 

2% 

3X 

2X 

2 

5 

2 

4>^ 

3 

2 

3 
2 

3 
2 


Thickness. 


Of  Web. 


inch. 

3/4 
9/16 

9/16 
9/16 
7/16 

3/4 
7/16 

7/16 

3/8 

7/16 

7/16 

3/8 

3/8 

3/8 

S/16 

S/16 

5/16 

s/16 

9/32 
s/16 

5/16 
s/16 

7/16 

3/8 

3/8 

5/'6 
1/4 

1/4 

1/4 
3/16 

>/4 
3/16 


Of  Flanges. 


inch. 

13/16 
13/16 
7/8 
15/16 
13/16 

5/8 
9/16 

9/'6 
11/16 

«/2 
9/16 

9/16 

1/2 

3/8 
7/16 
1/2 
7/16 
7/16 
3/8 
13/32 
3/8 
7/16 
9/16 
7/16 
1/2 
7/16 
5/16 

3/8 
5/16 

7/32 
5/16 

7/32 


Reputed 
Weight  per 
lineal  foot. 


•  ■•      • «  • 


lbs. 
62 
60 
60 
56 
42 
36 
32 
32 
30 
24 
29 

29 
21 

15 
IS 
19 
19 
14 
14 

18 
II 

30 
10 

23 
13 

8    . 
12 
8    , 

SK 
10    , 

S'A 


Ultimate 

Strength, 

Loaded  ai  the 

Middle. 


L 


SafeFbi 
nentLM 

Disiriiuiai 


tons. 
84 

68 

67 
61 

45 
34 
26 

26.5 

18.6 

21 

20 

15.4 

9.5 

H 

II.O 

10.4 

7.6 

6.6 
7.8 
S.8 
6 
15.1 

5.3 
8.6 

6 

3.1 

3.8 
2.45 

I. II 

2.5 
1.22 


CWll. 

560 

447 
407 

300 

227 

m 
167 

»77 
124 

140 

133 
103 

63 
62 

77 
69 
5» 
44 
52 
39 
40 

lOI 

35 
S7 
40 

21 

16 

74 

17 
8.1 


Transverse  Strength  of  Wrought-iron  Joists. 
A  number  of  solid-rolled  joists  of  uniform  symmetrical  section  w( 


r-^S 


cd. 


L 


«=; 


JL 


7 


b^ 


Figs.  959-96a.— Sections  of  Solid  Wrought-iron  Flanged  Beams,  or  Joists. 

tested  by  Mr.  Kirkaldy  for  Mr.  Moser,  the  sections  of  four  of  which  \ 
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en  ascertained  approximately,  and  are  here  annexed,  Figs.  259-262,  v/ith 
t  following  particulars : — 


Weight 
foot. 

Depth. 

Breadth. 

Web. 

Thick- 
ness. 

Flange. 

Mean 
thickness- 

Sectional  Area. 

Joists. 

Web  at 

reputed 

depth. 

One 
Flange. 

Total. 

A  

B 

D 

E 

lbs. 

43.56 

37.54 
26.22 

19.16 

inches. 

11.75 
9.85 
7.90 
7.07 

inches. 
5.70 
4.60 

376 
3.00 

inch. 

.60 

.50 

.50 
.50 

inch. 

.643 
.804 

.619 

.485 

sq.  ins. 

6.537 

4.523 
3.640 

3.293 

sq.  ins. 
3.665 
3.700 
2.329 

1.455 

sq.  ius. 

13-34 
11.50 

8.033 
5.870 

"he  elastic  and  ultimate  transverse  strengths  of  these  beams  are  reduced 
om  the  observations  of  Mr.  Kirkaldy,  and  are  given  in  the  table  No.  231. 
a  the  last  column,  the  probable  real  ultimate  strengths  of  the  beams  are 
ddcd;  they  are  computed  at  twice  the  elastic  strength,  in  correspondence 
ith  the  well  established  ratio  of  the  tensile  elastic  and  ultimate  strengths 
f  wrought  iron.  The  ultimate  strength,  column  4,  was  calculated  by 
mnula  (19),  page  511,  in  which  the  ultimate  tensile  strength,  s,  is  taken  as 
3  tons: — 


^k  No.  231. — Transverse  Strength  of   Solid-rolled   Wrought- 

iRON  Joists.  . 

(Results  of  Experiment.) 


B 
D 

E 


Joists. 


Averages 


Span. 


feet. 
20 
10 
20 
10 
20 
10 
10 

5 


Elastic 
Strength. 


Observed. 


tons. 

10.714 

21.428 
8.482 

17.857 
4.018 
8.705 
5.402 

11.607 


11.027 


Ultimate,  or  Breaking 
Weight. 


Calculated. 


tons. 
20.390 
40.780 
15.060 
30. 1 20 

8.203 
16.406 

8.150 
21.124 


20.331 


Observed. 


tons. 
14.310 

32.450 
11.445 
26.530 

6.371 
I5.II2 

8.150 

19.520 


16.736 


Caiise 

of 
Failure. 


Buckling 


if 
» 
tf 


Probable 

Real 
Breaking 
Weight 


tons. 
21.428 
42.856 
16.964 

35714 
8.036 

17.410 

10.804 

23.214 


22.053 


\s  the  cause  of  failure  was  buckling,  it  is  clear  that  the  beams  would 
/e  supported  greater  weights  if  they  had  been  supported  laterally.  That 
:  want  of  such  support  was  the  cause  of  the  weakness,  is  evidenced  by  the 
t  that  the  observed  breaking  weights  more  nearly  approach  the  calculated 
ights  for  the  shorter  than  for  the  longer  spans.  The  probable  real  break- 
;  weights  average  more  than  the  weights,  as  calculated  from  the  experi- 
ntal  data.  Adapting  the  formula  (19),  page  511,  by  assuming  the  value 
s=2o  tons,  then — 
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Ultimate  Transverse  Strength  of  Solid  Wrought-tron  Joists  of  Uniform 

Symmetrical  Section. 

In  tons,  W  =  — ^-1 7-r^^ — - (s) 

'  0.6/  ^^' 

In  cwts.,  ^J1S^^±1:1^ (6) 

0.03  / 

W  =  the  breaking  weight  at  the  middle. 
a  -  the  sectional  area  of  the  lower  flange,  in  square  inches. 
a"  -  the  sectional  area  of  the  web,  taken  at  the  reputed  depth,  in  squait 
inches. 

//*  =  the  reputed  depth  in  inches;  that  is,  the  total  depth  minus  the 
average  thickness  of  one  flange. 
/-  the  span  in  feet. 

Approximate  RuUs  for  the  Strength  of  Solid  Wrought-iron  Joists  of 

Ordinary  Proportions. 


Reduce  the  second  coefficient  in  the  numerator  of  the  above  fomiulas^    j 
to  I,  and  increase  the  depth  to  the  total  depth,  //,  of  the  beam.  \ 

ist  Approximate  Rule.     In  Tons.~To  the  sectional  area  of  one  flange    j 
add  one-fourth  of  the  sectional  area  of  the  web,  calculated  on  the  total  depA, 
both  in  inches ;  multiply  the  sum  by  the  depth  in  inches  and  by  7,  and   i 
divide  by  the  span  in  feet.     The  quotient  is  the  breaking  weight  at  the 
middle. 

///  Hundredweights. — Substitute  133  for  the  multiplier  7  in  the  preceding 
calculation. 

The  second  last  column  in  table  No.  230  was  calculated  by  this  nile. 
The  formulas  are — 

In  tons,  W^T^ ("+'/("') (7) 

In  cwts..  W  =  mA<a+}ifD. (8) 

2d  Approximate  Rule.  In  Tons. — Multiply  the  breadth  of  the  joist  by 
the  square  of  the  depth  in  inches,  and  by  0.6;  and  divide  the  product  by 
the  span  in  feet.  The  quotient,  plus  i,  is  the  breaking  weight  at  the 
middle. 

In  Hundredweights. — Substitute  12  for  the  multiplier  0.6  in  the  preceding 
calculation.     The  quotient,  plus  20,  is  the  breaking  weight 

The  formulas  are : — 

In  tons,  W  =  ?:i^%i (9)      , 

Incwts.,  W=!l-^^  +20 (10) 

W  =  the  breaking  weight  at  the  middle,  ^  =  the  breadth,  and  i/=thc 
depth  in  inches;  /=  the  span  in  feet 
Note. — The  ist  approximate  rule  is  better  than  the  2d  rule. 
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Dkflectiok  and  Elastic  Strength  of  Solid  Wrought-iron  Flanged 
Beams  or  Joists  of  Uniform  Symmetrical  Section. 

With  the  particulars  already  given  for  the  beams  A,  B,  D,  and  E,  page 
655,  and  the  subjoined  deflections  under  given  loads  at  the  middle,  within 
the  elastic  limits,  the  values  of  the  coefficient  of  elasticity,  E,  calculated 
from  the  general  formula  (13),  page  531,  by  inversion,  are  as  follows: — 


Bkam. 

Span. 

Load  at  the 
Middle. 

Deflection. 

E. 

A      j 

-  1 

feet. 
20 
10 
20 
10 
20 
10 
10 

5 

tons. 

8.929 

8.929 

7-143 
14.286 

3-571 
8.929 

5-357 
8.929 

inches. 
.848 

.132 
1. 150 

.330 
1.420 

.440 

.405 

.iS8 

13,196 
10,588 

13,100 
11414 
12,120 
12,232 
13,692 
7,314 

Average  co 
excludi 

efficient  0 
ng  the  las 

f  elasticity,  E, 
it,  as  exceptio 

for  7  beams, 
nal 

12,334 

To   adapt    the    general    formula    just    named,    the    constant    becomes 
4^^  12,334  =  49,336;  or  (49336 -r  12^  =  )  28.5,  when  the  span  is  in  feet: — 

Deflection  of  Solid  Rolled  Wrought-iron  Flanged  Beams  of  Uniform 

Symmetrical  Section^  loaded  at  the  Middle, 

(") 


D  = 


28.5 //^»(4«+ 1.155^0 


D=the  deflection  in  inches,  W  =  the  load  in  tons,  /  the  span  in  feet,  d" 
the  reputed  depth  in  inches,  being  the  whole  depth  minus  the  thickness  of  the 
bwer  flange;  a  the  sectional  area  of  the  lower  flange,  and  a"  the  sectional 
area  of  the  web  reckoned  on  the  reputed  depth,  both  in  square  inches. 

Note. — If  the  same  weight  be  uniformly  distributed,  the  divisor  45.7  is 
to  be  used. 

Approximate  Rule. 

Load  at  the  Middle. — To  the  sectional  area  of  one  flange  add  one-fourth 
of  the  sectional  area  of  the  web,  calculated  on  the  total  depth,  both  in 
inches;  multiply  the  sum  by  the  square  of  the  depth  in  inclies,  and  by 
1 14,  making  a  product  A.  Multiply  the  load  in  tons  by  the  cube  of  the 
span  in  feet;  and  divide  this  product  by  the  product  A.  The  quotient  is 
the  deflection  in  inches. 

Load  Uniformly  Distributed. — Use  the  multiplier  183  in  the  calculation, 
instead  of  114. 

Strength  of  Rivetted  Wrought-iron  Joists. 

Compared  with  solid-rolled  joists,  the  strength  of  rivetted  joists  is  less, 
and  the  deflection  is  greater.     A  series  of  rivetted  plate-joists  of  uniform 
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section  were  constructed  and  tested  for  deflection  by  the  late  Mr.  Thomai 
Davies,  in  1856.^    The  sections  of  these  beams  are  shown  by  Figs.  263-26S;  J 


t 

; 


.^.%' 


No.  I. 


't 


lJb'"*'     I  Ji^"^ 


•♦• 


Na  a. 
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No.  3. 
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l2icW 


'         I  f3V3^9tf 
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•^ 


^x2>&x^' 


-V 
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-Ik 


•4'x^ 
No.  4. 


4xift' 
No.  5. 


^Jftjtf" 


^"TP-. 


Figs.  963-968. — Sections  of  Rivetted  Wrougfat-iron  Joists. 

they  consist  of  plate-webs  and  flanges,  united  by  angle-irons,  of  which  die 
scantlings  are  given  on  the  figures, — 

No.  of  joist, I.  2.  3.  4.  5.  7. 

Weight  of  joist, .. .    4.25  ...    6.5  ...  20.5  ...  14.75  •••  ^Z*^^  •••  13.62  cwts. 
Span  for  trial, 11.66  ...  16.5  ...  28.5  ...  28.5    ...  22.5    ...  22.5  feet 

The  loads  rested  on  spaces  at  the  middle  of  the  beams,  2 1  inches  wide. 

The  elastic  strengths  and  deflections  of  the  joists,  as  deduced  from  the 
record  of  the  results,  were  as  follows : — 

Elastic  strength,....  iij^  ...  iij4  ...  10^  ...      7     ...   13    ...   13  tons. 
Deflection, 437  ...  .625  ...  2.000  ...  1.620  ...  .875  ...  .875  inches. 

All  the  beams  except  No.  2  were  unsymmetrical,  and  an  approximate  rule 
for  strength  and  deflection  may  be  constructed,  by  making  a  calculation 
for  each  beam  in  the  position  in  which  it  was  tested,  and  in  an  inverted 
position,  in  terms  of  the  flange  and  angle-irons  which  are  undermost,  in 
each  position  respectively;  and  fmding  the  mean  results.     In  this  way  the 


'  See  a  paper  read  at  a  meeting  of  the  Edinburgh  Architectural  Institute,  Febmaiy  18^ 
1856. 
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peaking  weights,  columns  2  and  3  in  the  following  tablet,  were  arrived  at 
kr  each  joist,  applying  the  formula  ( 5  ),  page  656,  for  solid-rolled  joists. 
rwo-thirds  of  these  mean  calculated  breaking  weights  are  given  in  the  4th 
xAamn ;  and  they  are  probably  the  real  breaking  weights,  since  they  average 
scacdy  twice  the  observed  elastic  strength  given  in  the  last  column. 


Joists. 


No.  I, 

Do.    inverted, 


No.  2, 


No.  3,: 

Do.    inverted, 


No.  4, 

Do.   inverted. 


No.  5, 

No.  7  (No.  5  inverted),. 


Averages, , 


Calculated 
Breaking 

Weight. 


Mean 
Breaking 
Weight 


tons. 
34.52 
38.65 


37.36 
28.92 

13-74 
27.03 


33 
5 


3.47  I 
1.59) 


tons. 

36.59 
31.80 

33.14 
20.40 
42.53 


Two-thirds 
of  the 
Mean. 


tons. 

24.4 
21.2 

22.1 

13.6 
28.4 


22.0 


Observed     ! 
Elastic       I 
Strength. 


tons. 


13 
13 


II.O 


By  an  appropriate  alteration  of  the  coefficient  in  the  rule  for  solid-rolled 
joists,  therefore,  the  following  rule  is  obtained : — 

Approximate  Rules  for  the  Strength  of  Rivetted  Wrought-iron  Joists, 

In  tons. — Find  the  sectional  areas  of  the  upper  and  the  lower  flanges 
with  their  angle-irons  respectively;  to  half  the  sum  of  these  areas  add  one- 
foorth  of  the  sectional  area  of  the  web,  calculated  on  the  total  depth,  all  in 
inches;  multiply  this  last  sum  by  the  depth  in  inches,  and  by  4j<5;  and 
divide  by  the  span  in  feet.  The  quotient  is  the  breaking  weight  at  the 
tniddle. 

In  hundredweights, — Substitute  94  for  the  multiplier  4^  in  the  preceding 
operation. ' 

The  formulas  are: — 

In  tons, yf  ^IZ-L-^— — £± — L (12) 

Incwts., W  =  21^(?^^ (13) 

in  which  a'  is  half  the  sum  of  the  upper  and  lower  sectional  areas,  of  the 
lectional  area  of  the  web,  d  the  depth,  /  the  span,  and  W  the  load  at  the 
niddle. 

Note  to  the  rule, — If  the  beam  is  symmetrical  in  section,  the  section  for 
me  flange  only  is  calculated. 

Similarly,  let  the  deflections  for  the  elastic  strengths,  for  each  beam 
Q  its  first  position,  and  as  inverted,  be  calculated  by  the  formula  (11), 
tage  657,  for  solid-rolled  joists.     They  are  given  in  the  2d  column  of  the 
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following  tablet,  and  the  mean  for  each  is  given  in  the  3d  column.  The 
actual  deflections,  in  the  4th  column,  are  greater  than  those  in  die  3d 
column,  in  the  ratios  indicated  in  the  last  column. 


No.  I, 

Do.  inverted,. 


No.  2, 


No.  3, 

Do.  inverted,, 


No.  4, 

Do.  inverted, 


No.  5, 

No.  7  ^No.  5  inverted),. 


Calculated 
Deflections. 


inches. 
.227 
.203 


1. 148 
1.483 

2.130 
1.083 

.578  J 


Mean 
Calculated 
Deflections. 

inches. 

.215 
.418 

I.316 

1.606 

.6S4 


Actual 
Deflecti<m. 


inches. 

•437 
.625 

2.000 

1.620 

.875 
.875 


Average  ratio,  not  including  No.  7, 


Ratio  of  Ada} 

toCakoJatcd 

Deflections. 


ratio. 


I  to  2.033 
I  to  1495 

I 

I  to  1.520  I 

I  to  1.009 

I  to  1.338 
I  to  1.338 

I  to  1479 


There  is  considerable  variation  in  the  ratio  of  the  calculated  to  the  actual 
deflections;  the  average  is  i  to  ij^.  Modify  accordingly  the  coefficient 
in  the  approximate  rule  for  solid-rolled  joists,  page  657  : — 

Approximate  Rule  for  the  Deflection  of  Rivetted  Wrought-Iron  Joists, 

Load  at  the  middle. — Find  the  sectional  areas  of  the  upper  and  the 
lower  flanges  with  their  angle-irons  respectively;  to  half  the  sum  of  these 
areas  add  one-fourth  of  the  sectional  area  of  the  web,  calculated  on  the 
total  depth,  all  in  inches ;  multiply  this  last  sura  by  the  square  of  the  depth 
in  inches,  and  by  75,  making  a  product  A.  Multiply  the  load  in  tons  by 
the  cube  of  the  span  in  feet ;  and  divide  this  product  by  the  product  A. 
The  quotient  is  the  deflection,  in  inches. 

Load  uniformly  distributed. — Use  the  multiplier  120  in  the  calculation, 
instead  of  75.  ^ 

Note  to  the  Rule. — If  there  be  no  flanges,  the  angle-irons  alone  are  to  be 
taken  as  representing  flange-area. 

Remarks. — i.  The  experimental  elastic  strengths,  as  well  as  the  deflec- 
tions, of  Nos.  5  and  7  beams,  which  were  in  fact  the  same  beam  in  reverse 
positions,  are  identical.  The  identity  here  observed  is  confirmatory  of  the 
general  principle  of  the  elasticity  of  beams,  enunciated  at  page  517. 

2.  It  follows,  from  experimental  tests,  that  the  strength  of  solid-rolled 
joists  is  to  that  of  rivetted  joists,  of  equal  weights,  as  i  ^  to  i ;  and  that 
their  deflections,  under  equal  loads,  are  as  i  to  i  ^. 


BUCKLED   IRON   PLATES. 

Buckled  plates,  so  named  by  Mr.  Mallett,  the  inventor,  are  bulged 
plates,  which  are  curved  or  arched,  with  a  very  small  rise  or  curvature, 
springing  from  the  edges  of  the  plate,  a  narrow  strip  of  which,  all  round, 
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=•  retained  in  the  original  plane  of  the  plate.     Buckled  plates  are  very  rigid, 

ttd  are  capable  of  sustaining  heavy  loads.     When  bolted  down,  or  rivetted 

iH  round  the  edges,  they  offer  twice  the  resistance  that  they  do  if  simply 

iii{>ported;  and  if  two  opposite  sides  be  wholly  unsupported,  the  resistance 

■  <ml7  Vs  ths.     Less  than  2  inches  of  rise  is  sufficient  for  a  ^-inch  plate, 

4  feet  square.     A  ^-inch  Staffordshire  plate,  3  feet  square,  with  a  2-inch 

fltt  border,  buckled  with  a  rise  of  i  ^  inches,  is  crippled  with  a  load  of 

9  tons  distributed  over  half  the  surface;  if  rivetted  down,  18  tons  are  required 

to  cripple  it     Plates  of  soft  puddled  steel  bear  twice  these  loads  before 

being  crippled.     The  strength  appears  to  increase  as  the  square  of  the 

tliiclaiess.     The  factor  of  safety  adopted  by  Mr.  Mallet  is  4  for  steady 

loads,  and  6  for  moving  loads. 


RAILWAY  RAILS. 

Rails  of  Symmetrical  Section. 

These  are  beams  of  limited  depth  and  considerable  ffange-area,  and 
the  strength  should  be  calculated  by  formula  (  22 ),  page  512,  repeated 
bdow;  for  the  application  of  which  the  section  of  a  double-headed  rail 
is  to  be  divided  for  the  calculation,  according  to  the  annexed  diagram, 
Fig.  269.  Oj  Oy  a,  a,  are  the  flange  portions,  c  d  the  web,  d  the  depth 
of  the  rail,  and  d"  the  vertical  distance  apart  of  the  centres  of  the 
tianges.    That  the  sectional  area  of  the  flange  may  be  correctly  ascertained. 


F^.  369.— For  Tnmsverse  Strength  of  Rail  of         Fig.  370.— Squaring  the  Section  of  a  Douhle- 
Symnetrical  Section.  headed  RaiL 

the  surface  should  be  divided  into  thin  strips  parallel  to  the  neutral  axis, 
as  in  the  diagram,  the  area  of  each  of  which  should  be  calculated.  If  the 
outer  contour  of  the  flange  is  circular,  as  is  usually  the  case,  the  resultant 
centre  of  the  flange  a  a  may  be  taken  as  passing  through  the  centre  of  the 
drde.  If  the  flanges  are  otherwise  formed,  the  position  of  their  centre  of 
gravity,  ascertained  by  the  rule,  page  514,  may  be  taken.  Approximate 
results  may  be  obtained  by  squaring  the  section  of  the  flanges,  by  the  eye, 
and  calculating  from  the  centres  of  the  rectangles,  as  in  Fig.  270. 
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W  = 


s  = 


7 
W/ 

(4  a' ^'+1.155 /'</«) 


(0 


W  =  the  breaking  weight  at  the  middle,  in  tons, 
tf'  =  the  net  sectional  area  of  one  flange,  in  inches  (excluding  the  central 
portion  pertaining  to  the  web). 

d=the  total  depth  of  the  rail,  in  inches. 
d"  =  the  vertical  distance  apart  of  the  centres  of  the  flanges. 

/'  =  the  thickness  of  the  web. 

/=  the  length  of  span  between  the  supports,  in  inches. 

s  =  the  ultimate  tensile  strength,  in  tons  per  square  inch. 

Rule  i. — To  fitid  the  Ultimate  Transverse  Strength  of  a  rail  of  symmet- 
rical section.  Multiply  the  sectional  area  of  the  flange  portion  of  one 
head  by  the  square  of  the  vertical  distance  apart  of  the  centres  of  the 
heads,  and  by  4;  and  divide  by  the  depth  of  the  rail  [B].  Multiply  tbc 
thickness  of  the  web  by  the  square  of  the  depth  of  the  rail,  and  by  1.155 
[C].  Multiply  the  sum  of  the  quotient  B  and  the  product  C  by  the  ulti- 
mate tensile  strength,  and  divide  by  the  span.  The  last  quotient  is  the 
breaking  weight  at  the  middle. 

Rule  2. — To  find  the  Ultimate  Tensile  Strength  of  a  rail  of  symmetrical 
section.  Multiply  the  breaking  weight  at  the  middle  by  the  span,  and 
divide  the  product  by  the  sum  of  the  quotient  B  and  the  product  C 
described  in  Rule  i.     The  last  quotient  is  the  ultimate  tensile  strength. 

Mr.  R.  Price  Williams,  in  a  paper  of  exceptional  value,  ^  gives  a  num- 
ber of  tests  of  tlie  ultimate  transverse  strength  of  iron  and  steel  rails,  made 

for  him  by  Mr.  Kirkaldy.  From  this  pai)er,  the 
following  data,  collected  in  table  No.  232,  are 
derived  for  several  double-headed  rails  of  sym- 
metrical section. 

The  tensile  strengths  of  these  rails,  in  the  last 
column,  are  calculated  by  Rule  2  above.  There  is 
no  information  as  to  the  observed  tensile  strength 
of  the  rails ;  but,  in  the  course  of  discussion,  Mr. 
Berkley  gives  the  tensile  strength  of  steel  rails 
tested  by  him,  varying  from  40  to  50  tons  per 
square  inch;  and  the  mean  of  these  strengths  is 
the  same  as  the  average  of  the  strengths  for  steel 
rails  calculated  in  the  last  column. 

Mr.  Baker  gives  a  full-size  section,  with  the 
Fie.  27X.— Section  of  Steel  Rail  breaking  Weight,  for  double-headed   steel  rails, 
Rlawar'sclre'tVS"^'  manufactured  by  Sir  John  Brown  &  Co.  for  the 

Great  Indian  Peninsula  Railway,  weighing  68  lbs. 
per  yard.-     The  section,  Fig.  271,  has  an  area  of  6.88  square  inches,  of 

*  "On  the  Maintenance  and  Renewal  of  Permanent  Way,"  in  the  Proceedings  of  the 
Institution  of  Civil  Engirt e^rs,  1865-66,  vol.  xxv.,  page  353. 

*  The  Strength  cf  I^ earns ^  page  to. 
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rbich  the  flange-area  at  the  bottom  is  1.667  inches.  The  web  is  .70  inch 
hick,  the  total  depth  5  inches,  and  the  vertical  distance  of  the  centres  of 
jravity  of  the  heads  3.72  inches.    The  ultimate  tensile  strength  varied  from 

Table  No.  232. — Transverse  Strength  of  Iron  and  Steel  Double- 

Headed  Rails.     1866. 

Span  60  inches.     Load  applied  at  tlie  middle. 
(Deduced  from  Mr.  Price  Williams'  data). 


DiSCXIPTION. 


Iron  Rails. 

L  L.  &  N.  W.  Ry. 

N  Do. 

M  Ebbw  Vale  Co.  .. 

P         Do 

Steel  Rails. 

A  Crewe 

B  Brown  &  Co 

C  Bessemer 

D  Cammell 


Weteht 
per  Yard 

(esti- 
mated). 


lbs. 

82 
82 
82 

68 


78 

79 

74 
72.5 


Dbfth. 


Total 


inches. 

5.40 
5.40 

5.25 
5.04 


5.40 
5.22 
5.20 
5.02 


Centres  of 
Flanges. 


inches. 

4.20 
4.00 
3.90 
375 


4.20 

3.72 
3.90 
3.82 


Thickness 
of  Web. 


inches. 

.82 
.82 

.78 

.68 


.75 
.75 
.74 
.73 


Sectional  Akba. 


One 

Flange. 


sq.  inches. 
1. 911 

L93I 
2,037 

1.70 


1. 81 
1.902 
1. 701 
1.722 


Total 


sq.  inches. 

8.25 
8.29 
8.17 
6.83 


7.67 
7.72 
7.25 
7.II 


DBSCKirrioN. 


Iron  Rails. 
L  L.  &  N.  W.  R. 

N  Do. 

M  Ebbw  Vale 

P  Do. 

Steel  Rails. 

A    Crewe 

B    Brown  &  Co. ... 

Z    Bessemer 

0    Cammell 


Breaking 
Weight. 


tons. 

23.000 

21.107 
22.371 
15.500 


35.793 
35.432 
33.446 

3L935 


Elastic  Strbngth. 


tons. 

per  cent  1 

11.604 

50.4 

9.823 

10.716 

6.698 

46.5 

47.9 
43-2 

16.070 

44-9 

15.181 

42.9 

16.967 
16.070 

50.7 
50.3 

Elastic 
Deflection 


inches. 

.198 

.184 

•235 
.148 


.252 

.264 

.300 
.322 


Natture  of  Failure. 


f  cracked,  & 
(     canted 
canted 
snapped 
torn 


} 


snapped 
(  cracked,  & 
\      canted 
canted 
snapped 


} 


Calculated 
Tensile 
Strength 

per  square 
inch. 


tons. 

26.24 

25.07 
27.71 
24.06 


4391 

45.75 
46.67 
46.43 


7  to  50  tons  in  nine  specimens,  averaging  45  tons  per  square  inch.  The 
-eaking  weight  at  the  middle,  on  a  span  of  43.5  inches,  averaged,  in 
rty-five  experiments,  38.7  tons.  Applying  Rule  i  above,  the  calculated 
eaking  weight  is, 

[(4  X  3:11'  X  1.667)  +  (1.155  X  .70  X  5')]x-t^  = 
5  43-5 

(18.45  +  20.21)  X  45  -r  43.5  =  40  tons. 
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This  weight  is  1.3  tons  more  than  the  average  given  by  experiment;  and  it 
IS  as  near  as  can  reasonably  be  expected,  considering  the  variable  elements 
of  the  data.  But,  even  this  small  excess  may  be  explained  away;  for  a 
sectional  area  of  6.88  square  inches,  at  10.2  lbs.  per  square  inch,  gives  a 
weight  of  70  lbs.  per  yard,  whilst  the  actual  weight  was  68  lbs.  It  is,  there- 
fore, probable  that  the  section  was  less  than  6.88  square  inches,  and  that 
the  strength,  if  it  were  calculated  from  the  exact  section,  would  be  less 

than  40  tons  in  the  ratio  of  70  to  68,  or  about  (40  x  —  = )  38.8  tons,  which 

70 

is  virtually  identical  with  the  experimental  breaking  weight^ 

Strength  of  Double-headed  Bessemer  Steel  Rails  Relatively  to 

THE  Proportion  of  Constituent  Carbon. 

Mr.  Price  Williams  gives,  in  an  appendix  to  his  paper,  already  men- 
tioned, a  table  showing  the  strength  and  deflection  and  set  of  double- 
headed  steel  rails,  of  86  lbs.  per  yard,  5  }i  inches  deep,  manufactured  bj 
Sir  John  Brown  &  Co.  for  the  Great  Indian  Peninsula  Railway.  The 
sectional  area  was  probably  8.43  square  inches.  The  experiments  were 
made,  under  Mr.  Berkley's  direction,  with  rails  containing  various  propor> 
tions  of  carbon.  The  following  table  is  reduced  from  Mr.  Price  Willisuns^ 
table,  and  it  shows  a  notable  correspondence  between  the  percentages  of 
constituent  carbon  and  the  breaking  load  applied  at  the  middle ;  for  whilst 
the  carbons  increase  from  .40  to  .55  per  cent,  the  ultimate  loads  increase 
from  40  to  52j^  tons. 

Table  No.  2^^. — Transverse  Strength  of  Double-headed  Bessemer 

Steel  Rails.     1864. 

Span  43.5  inches.     Load  applied  at  the  middle. 
(To  show  the  influence  of  the  constituent  carbon  on  the  strength.) 


Constituent 
Carbon. 

per  cent. 
.40 
.46 

•49 
.50 

.55 

Ultimate  Strength. 

Elastic  Strength. 
(Deduced  from  the  experimental  data.) 

Load. 

Deflection. 

Set. 

Ixnd. 

Dcflectian. 

Set. 

tons. 

40 

40 

50 

52.5 

52.5 

inches. 

3-94 
2.64 

4,18 

4.68 

4,40 

inches. 

374 

2.34 

377 
4.28 

4.02 

tons. 

15 
20 

22.5 

22.5 

25 

per  cenL 
37.5 

45 

43 
48 

inches. 
.10 

.14 
.165 

.130 
.165 

inches. 
.01 
.05 
.03 
.01 

.04 

Thirty  Bessemer- steel  rails,  manufactured  at  Barrow-in-Furness,  were 
analyzed  and  tested  in  different  ways  for  strength.  The  tensile  strength 
increased  generally  with  the  proportion  of  carbon  in  the  steel,  as  may  be 
seen  from  the  following  abstract  for  thirty  rails,  from  a  table  given  bj 
Mr.  J.  T.  Smith  :2_ 

^  Mr.  Baker  arrives  at  a  breaking  weight  of  38.9  tons  by  means  of  the  ingenious  diagnuD« 
matic  reduction  already  noticed. 

*  **  On  Bessemer  Steel  Rails,"  in  the  Proceedings  of  the  Institution  of  Civii  Engineers^ 
1874-751  vol.  xlii.,  page  74. 
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tes 


Soft  Rails. 

Tensile  Strength 
per  square  inch. 
cent.  tons. 

28  30.90 

29  32.60 

30  32.94 

31  32.67 

32  3304 


?es  .30 


32.43 


Carbon, 
per  cent 
.36    . 

■39  • 
.40  . 

•43  • 


Hard  Rails. 

Tensile  Strength 

per  square  inch. 

tons. 


3701 

.  41.41 

37.68 

•   • 3910 

44  41.02 

45   44.00 

50  45-79 

57  5042 


'44 


42.05 


Rails  of  Unsymmetrical  Section. 


:  genera]  rule  at  page  517,  is  applicable  for  the  calculation  of  the  trans- 
itrength  of  bridge-rails  and  flange-rails,  which  are  the  only  varieties  of 
lat  are  not  symmetrical  in  section.  That  rule  embodies  the  final  cal- 
m  formulated  in  equation  (  25  ),  page  516,  in  terms  of  the  total  tensile 
nee  of  the  section,  and  the  verticaJ  distance  apart  of  the  centres  of 
1  and  compression.  From  that  equation,  it  follows  that  W  /=^  4  S  </,; 
s  S  is,  by  the  sixth  step  of  the  rule,  page  5 1 7,  equal  to  1.73  j  x  (sum  of 
oducts,  tensional)-r>4„  in  which  >4,  is  the  height  of  the  neutral  axis 
the  base,  by  substitution,  W  /=  4  x  1.73  ^  x  (sum  of  ist  products)  x  ^3 

utting  A=the  sum  of  the  ist  products, — 

,,,     6.92  J^/,  A  /     » 

^     6.92  ^3  A     ^^^ 

the  breaking  weight  at  the  centre,  in  tons. 

the  ultimate  tensile  strength  of  the  metal,  in  tons  per  square  inch. 

the  vertical  distance  apart  of  the  centres  of  tension  and  compression, 

les. 

the  height  of  the  neutral  axis  above  the  base  of  the  section,  in  inches. 

the  span,  in  inches. 

the  sum  of  the  products  obtained  by  multiplying  the  areas  of  the 

jf  the  reduced  section  under  tensional  stress,  by  their  mean  distances 

tively  from  the  neutral  axis,  in  inches,  as  described  in  step  4  of  the 

age  517. 

£  3. — To  find  the  Ultimate  Transverse  Strength  of  a  Rail  of  Unsym- 
\l  Section,  i.  Divide  the  section  into  strips,  which  may  be  of  equal 
ess,  parallel  to  the  base.  2.  Reduce  the  width  of  the  flange  portions 
ratio  of  1.73  to  I.  3.  Find  the  position  of  the  centre  of  gravity  of 
ction  as  thus  reduced  (by  the  rule,  page  514);  it  is  that  of  the 
I  axis  of  the  total  section.  4.  Multiply  the  areas  of  the  strips  of  the 
d  section,  below  the  neutral  axis,  by  their  respective  mean  distances 
:;  and  also  by  the  squares  of  these  distances;  and  divide  the  sum  of 
second  products  by  the  sum  [A]  of  the  first  products;  the  quotient 
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is  the  distance  of  the  position  of  the  resultant  centre  of  resistance  bdov 
the  neutral  axis.  5.  Make  the  same  calculation  (  4 )  to  find  the  position  df 
the  resultant  centre  above  the  neutral  axis.  6.  The  sum  of  the  two  dis- 
tances thus  found,  is  the  vertical  distance  apart  of  the  centres  of  tension  and 
compression.  7.  Multiply  the  sum  A  by  the  distance  apart  of  the  centra 
of  stress,  and  by  the  ultimate  tensile  strength  in  tons  per  square  inch,  and 
by  6.92;  and  divide  the  product  by  the  height  of  the  neutral  axis  aboie 
the  base  of  the  section,  and  by  the  span.  The  quotient  is  the  breaking 
weight  in  tons  at  the  middle. 

Rule  4. — To  find  the  Ultimate  Tensile  Strength  of  a  Rail  of  Unsymnutriau 
Section,  when  the  Transverse  Strength  is  given.  Perform  the  same  prdim- 
inary  operations  as  for  Rule  3 — Nos.  i,  2,  3,  4,  5,  and  6;  then,  7,  multiply 
the  breaking  weight  in  tons  at  the  middle  by  the  length  of  the  span,  smd 
by  the  height  of  the  neutral  axis  above  the  base  of  the  section;  and  divide 
the  product  by  the  sum  A  (referred  to  in  Rule  3),  and  by  the  distance 
apart  of  the  centres  of  stress,  and  by  6.92.  The  quotient  is  the  ultimate 
tensile  strength  in  tons  per  square  indi. 
Note, — The  dimensions  are  in  inches,  and  the  pressures  and  weights  in  tom 
Steel  Flange-Rails, — ^The  steel  rails  designed  by  Mr.  John  Fowler,  and 
manufactured  by  the  Dowlais  Iron  and  Steel  Company,  for  the  Metropolitan 
Railway  (Fig.  272),  are  4 )4  inches  high  and  6f6  inches  wide  at  the  base; 

they  have  a  sectional  area  of 
8.24  square  inches,  and  weigh 
84  lbs.  per  yard.  Several  of 
these  rails  were  tested  by  Mr. 
Kirkaldy :  in  which  the  web  was 
.65  inch  thick,  the  head  2,5 
inches  wide,  and  the  flange 
6.4  inches  wide.  The  thickness 
of  the  flanges  was  .65  inch  near 
the  web,  and  .37  inch  near 
the  edge.  The  ultimate  tensile 
strength  is  said  by  Mr.  Baker  to 
be  35  tons  per  square  inch. 

To  apply  the  rule  for  the  trans- 
verse strength,  produce  the  sides 
of  the  web  to  the  top  and  the 
bottom  of  the  section,  at  c'c"  and 
d'  d" :  and  reduce  the  width  of  the  flange  portions,  a  a  and  b  b,  in  the  ratio  of 
1.73  to  I,  following  the  contour-lines  a'  a'  and  b' b\  Divide  the  section  into 
strips,  say  .20  inch  in  width,  and  find  the  centre  of  gravity  of  the  reduced 
section;  the  line  //',  passing  through  it,  is  the  neutral  axis,  2.51  inches  below 
the  top,  and  1.99  inches  above  the  bottom.  The  resultant  centres  of  resist- 
ance are  1.595  inches  above  and  1.779  iriches  below  the  neutral  axis;  and 
their  distance  apart  is  (1.595  +  i-779  =  )  3-374  inches. 

To  find  the  total  stress  in  tension,  in  the  lower  part  of  the  section,  the 
sum  of  the  first  products,  4.324  (which  is  the  same  for  tension  and  com- 
pression), is  multiplied  by  1.73  times  35  tons,  the  ultimate  tensile  strength, 
and  divided  by  1.99  inches,  the  distance  of  the  neutral  axis  from  the  base: — 

4-3  4  ^  V35_^_w3j  _  131  -6  tons,  total  tensile  resistance. 
1.99 


1 


Fig.  272. — Section  of  Steel  Flange- Rail  for  the 
Metropolitan  Railway. 
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The  breaking  weight  at  the  middle,  on  a  span  of  60  inches,  is,  then, 

W--i_2 — .^LAH — 5  =  29.59  tons. 
00 

TUsy  it  may  be  noted,  is  an  application  of  formula  (  25  ),  page  516. 

Let  the  Metropolitan  rail  be  calculated  for  its  transverse  strength  when 
iqpside  down:  the  product  4.324  x  (35  x  1.73)  is  divided  by  2.51  inches, 
16c  distance  of  the  upper  surface,  now  downwards,  of  the  head  of  the  rail 
kom  the  neutral  axis : — 

4.324  X  (35  X  1.73;  _  iQ^^Q  tons,  total  tensile  resistance  upside  down; 
2.51 

and  the  breaking  weight  at  the  middle,  on  a  span  of  60  inches,  is 

W  =  ^^4.30  X  3.374  X  4  ^         6  tons. 
60 

To  compare  these  calculated  results  with  the  results  of  Mr.  Kirkaldy's 
cq)erimental  tests,  these  are,  with  Mr.  Fowler's  permission,  here  ab- 
Miacted: — 

Table  No.  234. — Transverse  Strength  of  Steel  Flange-Rails  for 

THE  Metropolitan  Railway.     1867. 

Span  60  inches.     Load  applied  at  the  middle- 
(Reduced  from  Mr.  Kirkaldy's  Reports.) 


Ultimate  Strength. 

Elastic  Strength. 

1 

Elastic 
Deflec- 
tion 
per  ton. 

Load. 

Deflec- 
tion. 

Load. 

Deflec- 
tion. 

Set. 

inches. 

.022 
.028 
.030 
.021 
.030 

Solid  rail,  normal  position— 
ist  sDCcimen 

tons. 

30.393 
29.632 

29.043 

28.457 
28.733 

inches. 

9.42 

8.69 

10.54 

9.18 

14.78 

tons. 

12.500 
11.607 
11.607 
12.500 
11.607 

percnL 

inches. 

.255 
.232 

.238 

.250 

.232 

inches. 

2d        do 

■ad        do 

Ath      do 

?th      do 

Averages 

29.270 

10.52 

11.964 

41 

.24.14 

.026 

.0202 

•**.♦*  ^ 

Sofid  raiL  inverted 

22.014 

5-42 

15.180 

69 

.290 

.040 

.0191 

Normal    position,  holes  ) 
punched  in  the  flanges,  f 
Average  of  six  speci-  ( 
mens j 

15.618 

.669 

11.904 

76 

.235 

.023 

.0197 

Normal   position,  holes  ^ 
drilled.    Mean  of  two  > 
snecimens 1 

23.934 

4.51 

12.500 

1 

52 

.267 

.025 

.0214 

i^/. — ^The  holes,  punched  or  drilled,  were  i.io  inches  in  diameter, 
.75  inch  from  the  edge  of  the  flange. 
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Fie.  273.— Section  of  Iron 
Flange- Rail.    Scale,  5<th. 


The  breaking  weight  of  the  rail  varied,  in  six  specimens,  from  28.46 
to  30.39  tons;  average,  29.27  tons.     The  calculated  breaking  weight 
29.59  tons,  or  about  yi  ton  in  excess  of  the  average. 

Inverted,  one  specimen  broke  with  22.01  tons;  the  calculated  b; 

weight  is  23.46  tons,  or  nearly  ij4  tons 
The  elastic  strength  in  this  position  was 
than  in  the  normal  position.  , 

Ir^umce  of  Holes  in  the  Flange, — When  pundidy 
the  effect  was  to  reduce  the  breaking  weight  nearip 
a  half.  When  drilled,  the  ultimate,  strength  m 
only  reduced  about  a  sixth.  But  the  distic 
strength  remained,  in  both  cases,  unimpaired; 
and  the  ekistic  deflection  per  ton  was  practical 
identical  in  all  cases — averaging  about  .20  inch 
per  ton. 

Wrought-Iron  Flange-Rails, — The  annexed  sec- 
tion, Fig.  273,  shows  a  wrought-iron  flangwail, 
5  inches  high,  weighing  75  lbs.  per  yard.  Ten  specimens  of  rail  of  thi : 
section,  of  Cleveland  manufacture,  were  tested  for  transverse,  tenale,  nl 
compressive  strength  by  Mr.  Kirkaldy.  The  samples  for  the  tensile  and 
compressive  tests  were  cut  from  the  middle  of  the  head  and  of  the  flangt 

Tensile.  CocnpitMne. 

H EAD : — Elastic  strength  per  square  inch 13.21  tons.     1 8. 1 3  tom 

Ultimate  strength      „        „       20.93     »>        67.00    „ 

Flange: — Elastic  strength  per  square  inch....  13.62 
Ultimate  strength      „        „       ....21.83 

Ultimate  transverse  strength,  span  3  feet 33.60  tons. 

The  centre  of  gravity  of  the  reduced  section,  that  is,  the  neutral  axis  of 

the  entire  section,  shown  in  the  Fig.  273,  is  2^  inches  above  the  base  of  the 

section,  or  the  height  is  one-half  the  total  height  of  the  rail.     The  resnltant 

centre  of  tensile  stress  is  1.974  inches  below  the  neutral  axis,  and  that  of 

compressive  stress  is  1.683  inches  above  it,  as  indicated.      The  vertiad 

distance  apart  of  these  resultant  centres  is  (1.683  +  1.974  =  )  3.657  inches, 

and  by  Rule  .|, 

33.6x36x2.«;  ,    ^  .     , 

—±£. ^ J —  -  23.62  tons  per  square  mch, 

6.92x3.657x5.058 

the  ultimate  tensile  strength  of  the  wrought-iron  flange-rail,  in  its  bwer  or 
flange  portion. 

Deflection  of  Rails. 

Double-headed  Rails, — Formulas  for  the  deflection  of  double-headed  rails 
are  deduced  by  equating  the  values  of  j,  the  tensile  strength  per  square 
inch,  given  by  formula  ( 2 ),  page  662,  and  by  formula  ( 2 ),  page  528 ;  thus:— 

W/  4//ED       , 
-Twi ^^—7^ '  whence, 

(4  a'^ +1.155^'^') 
W /3=4 df  E  D  (4 «'  ^~  +  1. 155  /' d')  =  4E  D  (4<i V'+  1.155  ''^)- 

a 
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From  this  equation,  the  following  values  of  D  and  E  are  deduced: — 

D  = "^ (S) 

E YJL /6^ 

4D(4aV-''+i.i55/V3)  ^"^ 

The  values  of  E,  by  formula  ( 6 ),  for  the  rails  tested  by  Mr.  Price 
Williams,  as  detailed  in  table  No.  232,  page  663,  are  as  follows: — 

Iron  Rails,  double-headed.  Steel  Rails,  double-headed. 

E.  E. 

L  11,146  A  13,038 

N  10,571  B  13,588 

M  9,683  C  12,982 

P  12,457  D  13,007 


Averages...     10,964     i3>i54 

That  is,  the  iron  rails  were  extended,  say,  V",ooo  of  their  length  per  ton  of 
tensile  stress  per  square  inch  of  section ;  and  the  steel  rails  were  extended, 
sayt  V13.000  of  their  length  per  ton  per  square  inch.  It  has  already  been 
deduced  from  direct  experiments  on  the  elongation  of  bars  (see  pages  623, 
624),  that  the  extension  of  iron  was  from  Vio.ooo  to  Vi3,ooo  part  of  the  length, 
and  that  of  steel  was  Vi 3,000  part  of  the  length,  per  ton  per  square  inch. 
Thus,  the  deductions  from  experiment  on  transverse  resistance,  are  strongl}- 
corroborated  by  the  results  of  experiment  on  direct  tensile  resistance. 

Substituting  these  values  of  E,  in  round  numbers,  in  formula  (  5  ),  the 
following  formulas  for  the  deflection  of  iron  and  steel  rails,  like  those  tested 
by  Mr.  Price  Williams,  are  derived : — 

D^ection  of  Double-headed  Rails,  within  the  Elastic  Limits  Loaded  at 

the  Middle. 

Iron D  = .—  ,  ,^, — ^.   (  7  ) 

44,000  (4  a  V='+ 1.155/' ^3) 

Steel D  = -. — j-.*^ t/-m\  (  ^  ) 

52,000  (4  aV*='+ 1.155/ V3) 

D=the  deflection  at  the  middle,  in  inches. 
W=the  load  at  the  middle,  in  tons. 

tf'  =  the  net  sectional  area  of  one  flange,  in  inches  (excluding  the  central 
portion  pertaining  to  the  web). 

d=  the  total  depth  of  the  rail,  in  inches. 
^'=the  vertical  distance  apart  of  the  centres  of  the  flanges,  in  inches. 
/'=the  thickness  of  the  web,  in  inches. 
/=  the  length  of  span  between  the  supports,  in  inches. 

Flange-Rails, — By  a  similar  process,  equating  the  values  of  s,  given  by 
formula  (  4  ),  page  665,  and  by  formula  (  2  ),  page  528,  formulas  are  deduc- 
ible  for  the  deflection  of  flange- rails  within  elastic  limits: — 
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_yUAi_  =4^ED.  andW/3>4,  =  6.92X4x^^3EDA; 
6.92  ^3  A  /' 

whence  the  following  values  of  D  and  E: — 

27.68  ^^jE  A'  ^  ^  ' 

"27.68  ^dfjDA*  ^'°^ 

To  find  the  value  of  E  by  the  formula  ( 10 ),  for  Mr.  Fowler's  sted  rail, 
investigated  at  page  666,  for  which  the  value  of  the  quantity  A  is  6.983:— 

P    1 1.964  tons  X  60  inches^  x  1.99  inches -•76^ 

27.68  X  4.5  inches  x  3.374  inches  x  .2414  inch  x  6.983 

That  is  to  say,  the  flange  of  Mr.  Fowler's  steel  rail  is  extended  ^1-,^  part 
of  its  length  per  ton  of  tensile  stress  per  square  inch.  This  fraction  is 
considerably  greater  than  the  fraction  that  was  found  for  the  double-headed 
steel  rails  tested  by  Mr.  Price  Williams,  averaging  V13.000  part  The  greater 
extensibility,  nearly  twice  as  much,  is  in  accordance  with  the  relative  tensik 
strengths  of  the  steels  of  which  the  different  rails  were  made — 35  tons  per 
inch  for  the  flange-rail,  and  45  tons  for  the  double-headed  rails. 

Substituting  in  formula  ( 9 ),  the  value  of  E,  just  found,  the  formula  is 
reduced  to  the  following  form  for  the  deflection  of  steel  flange-rails  like 
Mr.  Fowler's: — 

Deflection  of  Steel  Flange-Rails,  within  the  Elastic  Limit ^  Loaded  at 

the  Middle. 

W  l^  h 

200,000/7  ^3  A 

To  find,  in  the  absence  of  data,  the  probable  numerical  constant  for  the 
deflection  of  iron  flange-rails,  let  the  constant  in  this  formula  be  reduced  in 
the  ratio  of  52,000  to  44,000,  the  correlative  constants  for  steel  and  iron,  in 

formulas  (  7  )  and  (  8  );  or  to  200,000  x  44^_  iyo,ooo: — 

Deflection  of  Iron  Flange-Rails,  within  the  Elastic  Limit,  LocLd^  at 

the  Middle, 

W  l^  A 
D  = VLLIl (12) 

1 70,000  ^^3  A  ' 

D  =  the  deflection  at  the  middle,  in  inches. 
W  =  the  load  at  the  middle,  in  tons. 

^,  =  the  height  of  the  neutral  axis  of  the  reduced  section,  above  the  base 
of  the  section,  in  inches. 

//=  the  total  height  of  the  rail,  in  inches. 

dy  =  the  vertical  distance  apart  of  the  centres  of  tension  and  compression, 
in  inches. 

/=  the  span,  in  inches. 
A  =  the  sum  of  the  products  obtained  according  to  Rule  3,  page  665. 
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STEEL  SPRINGS. 

The  author,  in  1854-55,  investigated  the  clastic  strength  of  laminated 
flings,  in  his  work  on  Railway  Machinery,^  and  he  deduced  the  following 
fannulas  for  their  elasticity  and  working  strength : — 

T7     1.66/3  ,       . 

^  =  77^  ('^> 

s=A^ (14) 

II.3  / 

E  =  the  elasticity,  or  deflection,  in  sixteenths  of  an  inch  per  ton  of  load. 

S  =  the  working  strength,  or  load,  in  tons. 

/=  the  span  when  loaded,  in  inches. 

b  =  the  breadth  of  plates  in  inches,  supposed  uniform. 

/=the  thickness  of  plates  in  sixteenths  of  an  inch. 

u  =  the  number  of  plates. 

Rules  for  the  Elasticity  of  Laminated  Springs. 

Rule  i. — To  find  the  elasticity  of  a  la  mi  natal  spring.  Multiply  the 
breadth  in  inches  by  the  cube  of  the  thickness  in  sixteenths,  and  by  the 
nmnber  of  plates;  multiply  the  cube  of  the  span  in  inches  by  1.66.  Divide 
the  second  product  by  the  first  The  quotient  is  the  elasticity  in  sixteenths 
of  an  inch  per  ton  of  load. 

Rule  2. — To  find  the  span  due  to  a  given  elasticity,  and  number  and  size 
tf  plates.  Multiply  the  elasticity  by  the  breadth  in  inches,  and  by  the  cube 
of  the  thickness  in  sixteenths,  and  by  the  number  of  plates;  and  divide 
by  1.66.  Find  the  cube  root  of  the  quotient.  The  result  is  the  span  in 
inches. 

Rule  3. — To  find  the  number  of  plates  due  to  a  git^en  elasticity y  span,  and 
siu  of  plate.  Multiply  the  cube  of  the  span  in  inches  by  1.66.  Multiply 
the  elasticity  by  the  breadth  of  plate  in  inches,  and  by  the  cube  of  the 
thickness  in  inches.  Divide  the  first  product  by  the  second.  The  quotient 
is  the  number  of  plates. 

Note  I. — The  span  and  the  elasticity  are  those  due  to  the  spring  when 
weighted. 

Note  2. — When  extra  thick  back  and  short  plates  are  used,  they  must  be 
replaced  by  an  equivalent  number  of  plates  of  the  ruling  thickness,  prior 
to  the  application  of  Rules  i  and  2.  This  is  found  by  multiplying  the 
number  of  extra-thick  plates  by  the  cube  of  their  thickness,  and  dividing  by 
the  cube  of  the  ruling  thickness.  Conversely,  the  number  of  plates  of  the 
niling  thickness  given  by  Rule  3,  required  to  be  removed  and  replaced  by 
a  given  number  of  extra-thick  plates,  are  found  by  the  same  calculation. 

Note  3. — It  is  assumed  that  the  plates  are  similarly  and  regularly  formed, 
and  that  they  are  of  uniform  width,  and  but  slightly  tapered  at  the  ends. 

Rules  for  the  Working  Strength  of  Springs. 

Rule  4. — To  find  the  working  strength  of  a  laminated  spring.  M  ultiply  the 
breadth  of  plates  in  inches  by  the  square  of  the  thickness  in  sixteenths,  and 

*  Raihvay  Machinery^  1855,  page  242.     Also.  RaihxHiv  Locomotives^  i860. 
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by  the  number  of  plates;  multiply  the  working  span  in  inches  by  11.3. 
Divide  the  first  product  by  the  second.  The  quotient  is  the  working 
strength  in  tons  of  load. 

Rule  5. — To  find  the  working  span  due  to  a  given  working  strength^  ad 
number  and  size  of  plates.  Multiply  the  breadth  of  plate  in  inches  by  die 
square  of  the  thickness  in  sixteenths,  and  by  the  number  of  plates;  multi- 
ply the  working  strength  in  tons  by  11.3.  Divide  the  first  product  by  the 
second.     The  quotient  is  the  working  span  in  inches. 

Rule  6. — To  find  tJie  number  of  plates  due  to  a  given  working  strength, 
spjHy  and  size  of  plate.  Multiply  the  working  strength  in  tons  by  the  S{)an 
in  inches,  and  by  11.3;  multiply  the  breadth  of  plate  in  inches  by  the 
square  of  the  thickness  in  sixteenths.  Divide  the  first  product  by  the 
second.     The  quotient  is  the  number  of  plates. 

Rule  7. — To  find  the  required  original  compass  of  the  spring.  Multiply 
the  elasticity  in  sixteenths  per  ton  by  the  working  strength  in  tons,  and  add 
the  product  to  the  desired  working  compass.  The  sum  is  the  whde 
original  compass,  to  which  an  allowance  of  from  }i  to  3/g  inch  shoukl 
be  added,  for  the  permanent  setting  of  the  spring. 

Note  I. — ^The  span  is  that  due  to  the  form  of  the  spring  when  wei^ted. 

Note  2. — Extra  thick  back  or  short  plates  must  be  replaced  by  an 
ec^uivalent  number  of  plates  of  the  ruling  thickness,  before  applying  the 
Rules  4  and  5.  To  find  this,  multiply  the  number  of  extra-thick  plates  bjr 
the  square  of  their  thickness,  and  divide  by  the  square  of  the  ruling  tfiidt- 
ness.  Conversely,  the  number  of  plates  of  the  ruling  thickness  given  l^ 
Rule  6,  required  to  be  removed  and  replaced  by  a  given  number  of  extra- 
thick  plates,  are  found  by  the  same  calculation. 

JL/ical  Springs. — Most  of  the  data  on  the  strength  of  helical  springs  are 
indefinite  and  contradictory.  It  may  be  assumed  that  the  elasticity,  or 
deflection  per  unit  of  load,  is  as  the  fourth  power  of  the  diameter  or  of  the 
side  of  the  bar,  if  round  or  square,  of  which  the  spring  is  constructed;  as  the 
cube  of  the  mean  diameter  of  the  coil  or  helix,  as  the  number  of  free  coils 
of  the  springs,  and  as  the  load  applied.  In  the  "  Report  on  Safety  Valves,"* 
the  following  formula  is  propounded : — 

E=^'^^ (I) 

D*xC  ^    ' 

E  -  Compression  or  Extension  of  one  coil,  in  inches. 

^/=  diameter  from  centre  to  centre  of  steel  bar  composing  the  spring,  in 
inches. 

7v  =  the  weight  applied,  in  pounds. 

D  =  the  diameter,  or  the  side  of  square,  of  the  steel  bar  of  which  the  spring 
is  made,  in  i6ths  of  an  inch. 

C  =  a  constant  which,  from  experiments  made,  may  be  taken  as  22  for 
round  steel,  and  30  for  square  steel. 

The  deflection  for  one  coil  is  to  be  multiplied  by  the  number  of  free  coils, 
to  obtain  the  total  deflection  for  a  given  spring. 

'  Transactions  of  the  Institution  of  Engineers  and  SJiip-builders  in  Scotland,  1874-75, 
page  39. 
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It  is  also  stated  in  the  Report  that  the  relation  between  the  safe  load, 
size  of  steel,  and  diameter  of  coil,  has  been  deduced  from  the  works  of 
Professor  Rankine;  and  that  it  may  be  taken  for  practical  purposes  as 
follows: — 


D  =  a/  — ^,  for  round  steel, (2) 

D=  a/ — ^>  for  square  steel, (3  ) 


ROPES— HEMP  AND  WIRE. 

Hempen  Ropes. 

By  the  old  ropemakers'  rule  the  breaking  strength  in  hundredweights 
was  equal  to  four  times  the  square  of  the  girth  of  the  rope  in  inches.  This 
is  equivalent  to  Gregory's  rule,  by  which  the  breaking  strength  in  tons  was 
equal  to  one-fifth  of  the  square  of  the  girth  in  inches.  The  square  of  half 
the  girth  represented  the  weight  in  pounds  per  fathom.  The  following  table 
of  the  strength  of  cordage,  is  reduced  from  Mr.  Glynn's^  data.  The  ropes 
recorded  in  the  second  part  of  the  table  are  machine-made  ropes.  Made 
by  the  warm  register,  the  rope  is  stronger  and  more  durable  than  by  the 
cold  register,  as  it  is  more  thoroughly  penetrated  by  the  tar.  But  it  is 
less  pliable,  and  cold-register  rope  is  now  generally  used  for  cranes,  and 
bkick  and  tackle. 

Table  No.  235. — Breaking  Strength  of  Tarred  Hemp  Ropes. 

(Reduced  from  Mr.  Glynn's  data.) 


Sue  of  Rope. 

Made  by  the  Old  Method. 

1 

Made  by  the  Register. 

Girth. 

Diameter. 

Common 
Staple 
Hemp. 

Best 

Petersburg 

Hemp. 

Cold 
Register. 

Warm 
Regbter. 

inches. 

4 

4^ 

V 

8 

inches. 

•95 
I. II 

1.27 

1.43 

1.59 

175 
1.91 

2.07 

2.24 

2.39 

2.54 

tons. 
2.22 

3-33 
3-92 
4.60 

5.95 
6.90 

8.10 

9.16 

10.24 

II. 15 

12.00 

tons. 
2.70 
3.87 
4.67 

5.55 
7.08 

8.31 

9.65 

10.54      . 
12.26 

13.73      - 
14.30 

tons. 

1          3.30 

5.00 
5.85 

7.29 

9.15 
11.07 

10.94 

15.46 

18.00 

20.60 

23.43 

tons. 

3.85 

5.25 
6.85 

8.68 
10.71 

13.00 
14.80 

18.10 

21.00 

24.10 

27.42 

Specimens  of  white  2-inch  rope,  exhibited  at  Kew  Gardens,  bore  the 
following  breaking  weights: — 


*  On  the  Construction  of  Cmnef  and  Machinery^  page  94. 
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2-inch  Neapolitan, 2.75  tons,  breaking  weight 

Konigsberg, 1.97 

French, 2.17 

St.  Petersburg, 2.17 

Italian, 2.32 

Specimens  of  rope  supplied  by  the  National  Association  of  Rope  and 
Twine  Spinners,  were  tested  by  Mr.  Kirkaldy. 


» 


» 


» 


» 


99 


II 


II 


99 


II 


II 


11 


f9 


Circumfer- 

Weight per 

Ultimate  StrengdL 

Kope. 

ence. 

Fathom. 

Toul.       ^pSftS? 

Russian  rope,       48  t 
Machine  yarn,      50 
Hand-spun  yam,  51 

ireads, 

inches. 
5.26 
5.07 

5-39 

pounds. 

574 
6.04 

tons. 
4.95 

5-14 
8.16 

tons. 

.863 
.961 

"•350 

II       

II       • 

Extenaon  in  50  inches  Length.    Stress  per  Pound-weight  per  Fadton. 

500  lbs. 

xooolbs. 

1500  lbs. 

aooolbs. 

3500 11& 

3000  lbs. 

Russian  rope, 

Machine  yarn, 

Hand-spun  yarn, 

inches. 

3.38 
3.25 

3-26 

inches. 
5.29 

4.53 
4.46 

inches. 
6.59 
5.56 
5.29 

inches. 

6.56 
5.91 

inches. 
6.35 

inches. 
6.63 

The  bearing  capacity  of  a  hemp  rope  is  proportional  to  its  thickness,  the 
number  of  its  strands,  the  slackness  with  which  they  are  twisted,  and  the 
quality  of  the  hemp.  Karl  von  Ott  states  that  ropes  0.866  inch  in  diameter, 
whose  threads  had  been  shortened  by  twisting  V5  th,  ^th,  and  yid  of 
their  original  length,  broke  respectively  with  loads  of  6834  lbs.,  5335  lbs., 
and  45 1 9  lbs.  He  adds  that  the  ultimate  strength  of  ropes,  according  as 
they  are  wetted,  or  tarred,  or  dry,  usually  varies  between  7000  lbs.  and 
11,400  lbs.  per  square  inch,  and  that  a  working  strength  of  one-sixth,  say 
1422  lbs.,  or  0.63  ton  per  square  inch  may  be  adopted. 

Wire  Ropes. 

The  strength  of  wire  ropes  of  iron  and  steel,  manufactured  by  Messrs. 
R.  S.  Newall  &  Co.,  is  given  in  table  No.  236,  together  with  that  of  hemp 
rope,  for  comparison.     From  the  table,  the  following  data  are  derived:— 

1.  The  Breaking  Strength  is — 

About  I  ton  per  lb.  weight  per  fathom  for  round  hemp  rope. 

2  „  V  „  II  iron      „ 
3^0  3'A           „             9t               II             steel     >, 

2.  The  Working  Load  is — 

3  cwts.  per  lb.  weight  per  fathom  for  round  hemp  rope. 
6        II  „  »  II  iron      „ 

10       „  „  „  „  steel     „ 

3.  The  Working  Load  in  Cwts.  is — 

s/eths  of  the  square  of  the  circumference  in  inches,  for  round  hemp  rope. 
About  5  times  „  „  „  „  „  iron 

9  times  „  „  „  „  „  steel 
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Table  No.  236. — Strength  of  Ropes — Hemp,  Iron,  Steel. 

(Messrs.  R.  S.  Newall  &  Co.) 
^ND  Ropes — ^for  Inclined  Planes,  Mines,  Collieries,  Ships'  Standing  Rigging,  &c. 


Hkmp. 


nr 


2X 


Weight  per 
Fathom. 


pouods. 
2 


5 

7 

9 
10 

12 

14 
16 

18 


...  22 
...  26 

...  30 
34 

.  20 

24 
.  26 

28 

.  30 

36 
.  40 

45 
.  50 

.11 


Iron. 


Circum- 
ference. 


Weight  per 
Fathom. 


inches. 
.   I 

.  iH  . 

.  iji  . 

2 
.  2>i   . 

2X 
.   2^  . 

2% 
.  2^. 

.  2^  . 
3 

.  3><  . 

3X 
.  3^  . 

Z% 
.  3>^. 

3^ 

4 
.  4X. 

4^ 
.  4>i  . 

AH 


pounds. 
.    I 

iH 
.  2 

2>i 

•  3 

z'A 

.  4 
4>i 

•  5 

S% 
.  6 

6>i 

.  7 

7K 
.  8 

8>i 

•  9 
10 

.11 

12 

.13 
14 

•;i 

.18 
20 


2X><K 
2>ix   „ 

2KxX 
3       ^ 

3Xx 
3^^ 
3Kxii 
4     X 
4XxM: 
4;^><  ,> 


n 


» 


II 

13 

15 
16 

18 

20 

22 

25 
28 

32 

34 


Stbbl. 


Grcum- 
ference. 


inches. 


1% 

•  •  • 

^H 
...  i^ 

...  iji 

•  •  •    ^ 

...  aX 

...  2^ 
...   2/4 

•    •   •  ^ 


Weight  per 
Fathom. 


pounds. 
I 


...  3X 

...  3H 

...  3-^2 
3^ 


2 

2j^ 


3>^ 
4 

A'A 
5 

5>i 
6 

8 

9 

10 
12 


2.  Flat  Ropes. — For  Pits,  Hoists,  &c.  &c. 


2  x>^ 
2Xx>^ 

»>  X  „ 
2^x>^ 
2Xx^ 

3  X  „ 
3Xx  „ 
3^^  » 


10 
II 
12 

13 

15 
16 

18 

20 


Tbnsilb  Strength. 


,   Working 
Load. 


cwts. 

.  6 
9 

.  12 
15 

.  18 
21 

.  24 

27 
.  30 

33 
.  36 

39 
•  42 

45 
.  48 

51 

.  54 
60 

.  66 
72 

.  78 
84 

96 
.108 

120 


44 
52 
60 

64 
72 

80 

88 

100 

112 

128 

136 


Ultimate 
Strength. 


tons. 
2 

3 

4 

5 

6 

7 
8 

9 
10 

II 

12 

13 

14 

15 
16 

17 
18 

20 

22 

24 
26 

28 

30 

32 
36 
40 


20  ... 

23 
27  . 

28 

32  . 
36 
40  ... 

45 
56 

60  . 
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Table  No.  237. — Strength  of  Cable  Fencing  Strands  and 

Solid  Fencing  Wire. 

(Reduced  from  Messrs.  Francis  Morton  &  Co.*s  "Standard  Quality"  Table.) 


Sise  of  Fencing  Strand. 

1 

Solid  Wire  of 

Length  of  One  Ton. 

Ukamate  Sticagtk  per 
Square  Inch. 

Equal  Diameter. 

Strand. 

Wire. 

Strand. 

Wilt 

(anacaledi. 

OP    No.  6/0 

MB    No.  5/0 
^^     No.  4/0 

Mk     No.  3/0 

^^      No.  00 

Sk    N0.0 

•      No., 

n     No.  2 

^        No.  2^ 

No. 
0 

I 
2 

3 

4 

5 
6 

7 
8 

inch. 
.326 

.300 

.274 

.250 

.229 

.209 

.191      1 

.174 
.159 

yards. 
3,000 

3,800 
5,600 

6,000 
6,200 
7,800 
9,800 
11,000 
15,000 

yards. 
2,700 

3,200 

3,850 
4,650 
5,500 
6,600 
7,900 

9,550 
11,400 

tons. 
2-419 

1.828 

1.562 

1.340 
1. 160 

.893 

.714 
.627 

.491 

torn. 
2.000 

1.683 
1402 

I.169 

.988 

.817 
.682 
.566 

473 

• 

jVote. — The  number,  size,  and  strength  of  the  Iron  Wire  quoted  in  this  Table  are  the 
same  as  those  of  Ryland's  Warrington  Wires,  table  No.  82,  page  247. 

Table  No.  238. — Tensile  Strength  of  American  Iron  Wire  Rope 

AND  Hemp  Rope. 

(Mr.  J.  A.  Roebling.) 


1 

Circumfer- 

Circumfer- 

Circumfer- 

ence of 

Circumfer- 

ence of 

1 

i          Trade 

ence  of 

Hemp 

Ultimate 

Trade 

ence  of 

Hemp 

LHiimate 

Number. 

Wire 

Rope  of 

Strength. 

Number. 

Wire 

Rupe  of 

Strength. 

Rope, 

equal 

Rope. 

equal 

inche.5. 

Strength. 

Strength. 

No. 

inches. 

tons. 
(English.) 

No. 

inches. 

inches. 

tons. 

(English.) 

Fine  Wire. 

14 

3.26 

8X 

18.2 

I 

6.62 

i5>^ 

67.3 

15 

2.98 

7V 

14.5 

2 

6.20 

H'A 

59 

16 

2.68 

6X 

1 1.3 

3 

5-44 

13 

49 

17 

2.40 

5>i 

8 

4 

4.90 

12 

39.6 

18 

2.12 

5  , 

6.9 

5 

4.50 

1034- 

32 

19 

1.9 

A^ 

5.3 

6 

3.91 

2^ 

24.7 

20 

1.63 

4 

3.72 

7 

3.36 

8 

18.4 

21 

1-53 

3-3 

2.57 

8 

2.98 

7 

14.5 

22 

1.31 

2.8 

1-93 

9 

2.56 

6 

10.4 

23 

1-23 

2.46 

'•5. 

10 

2.45 

5 

7.8 

24 

I. II 

2.2 

1. 16 

Coarse  Wire. 

^5 

.94 

2.04 

.94 

II 

4-45 

lOj^ 

33 

26 

.88 

1-75 

.74 

12 

4.00 

10 

27.3 

27 

.78 

1.50 

•51 

13 

3.63 

9H 

22.7 
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Frauh  Wire  Repe. — For  mining  purposes,  each  strand  consists  of  a  core 
cf  hemp  and  12  wires;  and  the  rope  has  5  or  6  strands  on  a  central  hemp 
core.  Flat  ropes  are  formed  by  laying  3  or  4  ropes  side  by  side,  and 
binding  or  lacing  them  with  annealed  wire;  but  flat  ropes  are  seldom 
employed. 

Table  No.  139. — French  Iron  Wire  Ropes  for  Mining  Service. 

[Manafactuied  by  MM.  Hann^nies,  DumonI,  &  Co.,  Anzin.) 

Working  depth,  400  metres,  or  440  yards. 


F^ 

^^ 

ROUMO 

Rorw. 

N«.bB 

S«^ 

ckiwu. 

ffi. 

Numtier. 

VSk. 

^lSl"' 

^nmb. 

indA 

di 

Ha. 

I0«. 

No. 

indH. 

It*. 

lOBt 

8 

S.I 

i? 

16 

5 

ID 

1.30 

6.^ 

3 

4-7 

«1 

.gM 

67 

3-S 

■  Bl 

'S 

3-5 

79 

10 

3 

'4- 

■71 

6 

17 

I 

.63 

3.2 

*1 

■59 

'■5 

■  i 

6 

W 

7 

i.e 

9 

34 

ss 

"■S 

Note  to  Table.— I.  Steel  wire  ropes  may  be  a  third  less  in  weight  than 
iron  wire  rope  for  the  working  load.  2.  Hemp  ropes  should  be  a  third 
heavier  than  iron  wire  rope  for  the  same  working  load. 

Steel  Wire  Ropes. — Ropes  consisting  of  26  steel  wires.  No.  14  W.  G.,  or 
.0S5  inch  in  diameter,  are  made  for  steam  ploughing  purposes.  The  weight 
of  the  rope  is  about  z  lbs.  per  yard, — less  than  i  ton  per  1000  yards. 
Each  wire,  it  is  said,  bears  a  tensile  stress  of  from  2000  lbs.  to  i  ton; 
and,  at  this  rate,  the  rope  should  have  a  tensile  resistance  equal  to  34  or 
36  tons. 


CHAINa 

Chains  are  constructed  either  with  open  links,  Figs.  274  and  275,  or  with 
itud-links,  Figs.  376,  277,  378,  and  279. 

The  standard  proportions  of  the  links  of  chains,  in  terms  of  the  diameter 
of  the  bar  iron  from  which  they  are  made,  are  as  follows : — 

EiDime  Lenph.  EiInnK  Width. 

Stud-link 6     diameters 3.6  diameters. 

Qose-Iink 5  „        3.5         „ 

Open-link 6  „        3,5         „ 

Middle-link 5.5         „        3.5         „ 

End-links. 6.5         „       4.1         „ 

End-links  are  the  links  which  terminate  each  is-fathom  length  of  chain; 
they  are  made  of  thicker  iron,  generally  i .  2  diameters  of  the  common  links. 
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Ordinary  Stud4ink  Chcun-cable. — The  admiralty  test  for  the  tensile 
strength  of  ordinary  stud-link  chain-cables,  is  at  the  rate  of  630  lbs.  per 
circular  ^-inch  section  of  one  side  of  a  link:  equivalent  to  22.92  tons  per 
square  inch  of  one  side,  or  to  1 1.46  t(Mis  per  square  inch  of  both  sides  taken 
together, — just  within  the  elastic  limit. 


No.  1. 


No.  2. 


No.  3. 


Na4. 


No.  5. 


No.  & 


Figs.  374-370.— Links  of  Chain-Cables.  No.  i,  Circular  Link.  No.  a,  Oral  Link.  No.  3^ 
Oval  Stud-Link,  with  jpointed  stud.  No.  4,  Oval  Stud-Link,  with  Iwoad-beaded  stud. 
No.  5,  Obtuse-angled  Stud-Link.     No.  6,  Parallel -sided  Stud-Link. 

The  weight  of  a  link  in  similar  cables,  increases  as  the  cube  of  any  lineal 
dimension,  say  the  thickness;  and  the  weight  per  yard  increases  as  the 
square  of  the  thickness  of  chain.     Whence  the  formula — 

Weight  per  yard  of  Common  Stud-link  Chain-cable. 

W=26.9^';  or,  in  round  numbers,  27^'. (  i ) 

W  =  the  weight  per  yard  in  pounds;  //=  the  thickness  of  the  chain,  or  the 
bar  from  which  it  is  made,  in  inches. 

The  weight  of  a  bar  of  iron  a  yard  long  is  10  lbs.  per  square  inch  of  sec- 
tion, or  7.854  lbs.  per  circular  inch;  that  is,  a  i-inch  round  bar  weighs  7.85 
lbs.  per  yard,  whilst  a  stud-chain  cable  of  i-inch  iron,  weighs  26.9  lbs.  per 
yard,  or  3.42  times  the  weight  of  a  i-inch  bar.  Generally,  therefore,  a  stud 
chain-cable  weighs  3.42  times  as  much  as  a  bar  of  the  same  size  and  length. 

The  table  No.  240  contains  the  dimensions,  weights,  and  strengths  of 
ordinary  stud-link  chain-cables.  Column  4  shows  the  weight  of  100  fathoms 
of  cable  in  8  lengths;  including  4  swivels  and  8  joining  shackles.  The 
sixth  column  gives  the  ultimate  strength  by  actual  tests  made  at  Woolwich, 
in  1842-43,  averaging,  as  shown  in  the  last  column,  16  tons  per  square 
inch,  or  two-thirds  of  the  strength  of  the  original  bar,  assumed  at  24  tons 
per  square  inch. 

The  safe  working-stress  is  5.73  tons  per  square  inch  of  both  sides 
together,  or  half  of  the  proof-stress. 

Open  link  Chains,  Figs.  274  and  275. — The  chain,  Fig.  275,  is  sometimes 
called  a  close-link  chain,  to  distinguish  it  from  the  circular-link  chain,  Fig. 
274.  The  ultimate  strength,  generally,  is  the  same  as  that  of  stud-link 
chains ;  but  the  elastic  limit  is  less  than  that  of  the  others,  and  the  proof- 
stress  for  close-link  chains  is  just  two-thirds  of  that  for  stud-link  chains,  or 
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Table  No.  340. — Ordinary  Stud-Link  Chain-Cable 
Weight  and  Sthength. 
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9.0 
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"X 
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363 

466.6 
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"36>i 

— 

— 

7» 

'5-9 

JVtU  1. — The  Sa/t  iVeriiiig-ilreii  a  Uken  st  half  the  ProoT-slcMS. 
a. — The  Proef-Htas  and  .Sii/^  iVerting-tlrai  for  close-link  chaini  are  reipectivel;  two- 
thirds  of  lho»  of  stud-link  chains. 

J.64  tons  per  square  inch  of  section  of  both  sides,  or  410  lbs.  per  circular 
5^-inch  of  section  of  one  side.  The  safe  working-stress  is  half  the  proof- 
stress,  or  3.82  tons  per  square  inch  of  section. 

The  weight  of  close-link  chain  is  about  three  times  the  weight  of  the  bar 
from  which  it  is  made,  for  equal  lengths. 

Karl  von  Ott,  comparing  the  weight,  cost,  and  strength  of  the  three 
materials,  hemp,  iron  wire,  and  chain  iron,  concludes  that  the  proportion 
between  the  cost  of  hemp  rope,  wire  rope,  and  chain,  is  as  2:1:3;  ^"id 
that,  therefore,  for  equal  resistances,  wire  rope  is  only  of  half  the  cost  of 
hemp  rope,  and  a  third  of  the  cost  of  chains. 


LEATHER  BELTING. 
Accordii^  to  the  experiments  of  Messrs.  Bri^s  and  Towne,  the  tensile 
rtrength  of  single  leather  belts,  .319  inch  thick,  was. 

Per  VermarK 

Through  the  lace-holes, aro  Ite,  960  Ite. 

Throogh  the  rivet-holes, 382   „  1740   „ 

Through  the  solid  parts, 675   „  3080   „ 
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Messrs.  Norris  &  Co.'s  beltings,  as  tested  by  Mr.  Kirkaldy,  gave  the 
following  results  for  ultimate  tensile  strength : — 

Table  No.  241. — Tensile  Strength  of  Leather  Belting. 


SiZB. 


Double. 

12  inches,. 

7      V  ' 

6      „  . 

4  ,1  . 
2      „  . 

Single. 

10       „  . 

5  »  • 

4        y,  . 

3>^  «  . 


English 
Belling. 


Ibc 
14,861 

6,193 
5,603 

4,365 
2,942 

8,846 
4,060 
3,248 

3,007 


Helvetia 
Belting. 


lbs. 
17,622 
11,089 
10,456 

6,207 

4,237 

11,888 
5,426 
3,948 
3,377 


Spurs  machinery  be/ting  is  manufactured  from  flax-yam,  saturated  with 
a  compound  substance  said  to  be  incapable  of  decomposition.  Accordii^ 
to  the  annexed  results  of  tests  it  is  stronger  than  leather  belts  :^ — 

Tensile  Streiu;th. 
per  inch  Wide. 

No.  I,     5  inches  wide, 1254  lbs. 

No.  2,      5     „     1489  „ 

No.  3,     10     „     1663  „ 

Leather  belt,  4  „  525    „ 

Untanncd  leather  belts  are  said  to  be  half  as  strong  again  as  tanned 
leather  belts.  Mr.  John  Mason,  of  Bulkley,  Barbadoes,  uses  belts  cut  from 
raw  cowhide,  simply  dried  in  the  sun.  They  last  longer,  he  says,  than 
leather  belts,  and  are  made  at  a  fourth  of  the  cost  of  the  latter.^ 

India-rubber  belts,  made  of  American  cotton  canvas,  cemented  in  layers 
by  vulcanized  india-rubber,  and  covered  by  a  compound  of  rubber,  have  been 
proved  to  possess  considerably  greater  frictional  adhesion  than  leather  belts. 


STRENGTH   OF   BOLTS  AND  NUTS. 

J\fr.  BrunePs  Experifnents? — Mr.  Brunei  tested  the  tensile  strength  of 
screwed  bolts  and  nuts  of  Shropshire  iron,  from  ^^  inch  to  i  ^  inches  in 


a 


■      H  I 


Fig.  280.  —Screw  Bolt  and  Nut. 

diameter,  applying  the  stress  between  the  head  and  the  nut,  when  16  inches 

^  Exhibited  Machinery  of  1 862,  page  423.  '  Engineering,  Tune  19,  1874. 

'  The  particulars  of  these  experiments  are  derived  from  the  Author's  woxk  on  kailway 
Loco  motives  f  i860. 
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and  placed  as  in  Fig.  280.    The  length  of  the  screwed  part  was  3^ 
les.    In  most  instances,  the  bolt  snapped  at  the  base  of  the  screwed 

Damaa  Total  Breaking  Weight.        Breaking  Weight  per  sq.  inch. 

incfaei.  tons.  tons. 

H    10^  32 

54  12   27 

H   ^sH    25 

I   20   25 

i}i     21    21 

^H    29   23 

To  find  to  what  extent  the  screwing  of  a  bolt  diminishes  its  tensile 
strength,  Mr.  Brunei  tested  four  i^-inch  bolts  and  nuts  to  the  annexed 
fonn,  Fig.  281,  on  which  the  screwed  part  was  enlarged  to  ij4  inches  in 
diameter.  The  bolts  were  broken  in  the  shank,  and  the  average  breaking 
Weight  was  equal  to  25.2  tons  per  square  inch,  showing  an  addition  of 
S6.2  tons  per  inch,  as  compared  with  the  screwed  shank.  Fig.  280.  Inversely, 
it  may  be  inferred  that  the  strength  of  i^-inch  bolts  was  reduced  2.2  tons, 
<)r  8  per  cent,  by  screwing. 


g 


•■» 


i^'ig-  aSu — Screwed  Enlarged  Bolt  and  Nut. 

The  heads  of  the  i  J^-inch  bolts  were  i  ^  inches  thick,  and  they  stood 
fiist  during  all  the  trials.  The  depth  of  the  nuts  of  these  bolts  varied  from 
i}(  inch  to  }^  inch. 

Nuts  I  inch  deep,  or  ®/ioths  of  the  diameter,  stood  well. 
Do.    ^       „  or  V,oths     „  „  thread  strained. 

Do.    ^       „  or  Vioths     „  „         thread  stripped. 

The  thread,  it  appears,  was  stripped  when  the  depth  of  the  nut  was  only 
3/5  ths  of  the  diameter.  Nevertheless,  in  ordinary  good  practice,  a  depth 
of  half  the  diameter  has  been  found  sufficient  for  both  the  head  and  the  nut. 
But  it  may  well  be  better  to  make  them  deeper,  to  allow  for  contingencies. 

Working  Stress  for  Screwed  Bolts, — A  working  stress  of  i  ^  tons  per 
square  inch  has  been  assigned  for  screwed  bolts.  In  France,  it  has  been 
taken  as  high  as  3^  tons  per  square  inch. 

WhitwortfCs  System  of  Standard  Sizes  of  Bolts  and  Nuts. — The  thickness 
of  the  bolt  head  is  ^ths  of  the  diameter,  and  that  of  the  nut  is  equal  to  the 
diameter.  The  angle  of  the  triangular  thread  is,  in  this  system,  55°.  The 
top  and  the  bottom  of  the  thread  are  rounded  off,  and  the  reduction  so 
made  of  the  exact  height  of  the  triangle  is  one-third ;  that  is,  one-sixth  from 
the  top,  and  one-sixth  from  the  bottom.  The  actual  height  of  the  thread 
becomes  rather  more  than  3/^  ths,  and  less  than  ^j^  ds,  or  about  63  per  cent., 
of  the  pitch.     See  table  No.  242,  next  page. 

For  screws  with  square  threads,  the  number  of  threads  per  inch  is  one- 
half  of  the  number  for  triangular  threads. 
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Table  No.  242. — ^Whitworth's  Standard  Bolts  and  Nuts. 

With  Hexagonal  Heads  and  Nuts,  and  Triangular  Threads. 


SCRBW. 


Diameter  of 

Bolt  and 

Screw. 


inches. 

5/32 
3/16 

f 

5/16 

H 

7/,6 

>^ 

9/,6 

H 

"1x6 

H 

'3/16 

'5/,6 
I 

iH 

1% 
2 

2^ 

2X 
2^ 
2M 
2^ 

2H 
3 

3% 

3% 

3H 

4 

4^ 

4X 

4M^ 

S 

sx 

6 


Diameter  at 

Bottom  of 

Thread. 


inches. 


.093 

.134 

.186 
.241 
.295 
.346 

.393 
.456 
.508 

.571 
.622 

.684 

'733 

.795 
.840 

.942 

1.067 

1. 161 

1.286 

1.369 

1.494 
1.590 

1.715 

1.840 

1.930 
2.055 

2.180 

2.305 
2.384 
2.509 

2.634 


Number  of 
Threads 
per  inch. 


threads. 

60 

48 
40 

32 

24 

24 
20 

18 

16 

14 
12 

12 

II 

II 

10 

10 

9 

9 
8 

7 

7 
6 

6 

5 

5 

4>^ 

4>^ 

4)4 

4 

4 
4 
4 

3/2 

3% 
3/t 

3)i 

3X 

3 

3 

2?i 

2^ 

2^ 
2^ 
2>^ 
2>^ 
2>i 
2>i 


Hkad  AMD  Nut. 


Thickness  of 
Head. 


inches. 


.109 
.164 

.219 

.273 
.328 

.383 

437 
.492 

.547 
.601 

.656 

.711 
.766 
.820 

.875 

.984 
1.094 

1.203 

1.312 

1.422 

1.531 
1. 64 1 

1.75 

1.859 

1.969 

2.078 
2.187 
2.297 
2.406 
2.516 
2.625 


Thickness  of 
Nut. 


inches. 


3/16 

5/x6 

7/16 

% 

9/16 

"/x6 

»3/,6 

'5/i6 
I 

'X 

IX 

2 

2X 
2X' 
2>i 
2^ 
2>< 
2M' 
2^ 

3 


Bltidlll 
thtflui. 


.338 

•525 
.601 

.709 
.820 

.919 

1.01 1 
l.IOl 
I.20I 
1.301 

1.39 

1479 

1.574 
1.670 

1.860 

2.048 

2.215 

2413 
2.576 

2.758 

3.018 

3-149 
3.337 
3.546 

3.75 

3.894 

4-049 

4.181 
4.346 
4.531 
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merican  standard  pitches  are  nearly  identical  with  the  Whitworth 
». 

American  Standard  Sizes  of  Bolts  and  Nuts, 

nericon  Railway  Master  Car-builders*  Association,  in  Convention  at  Richmond, 

Va.,  June  15,  1871.) 

I  Bolts. — The  breadth  across  the  flats  of  the  bolt-head  and  the 
diameters +  >^  inch. 

ickness  of  the  head  =  ^  diameter  +  7i6  inch, 
lickness  of  the  nut  -  i  diameter. 

LED  Bolts. — ^The  breadth  across  the  flats  of  the  bolt-head  and  the 
diameters  -♦-  »/i6  inch, 
lickness  of  the  head  and  of  the  nut=  i  diameter  -  */,6  inch. 


Number  of 

Number  of 

Number  of 

r. 

Threads 

Diameter. 

Threads 

Diameter. 

Threads 

per  Inch. 

per  Inch. 

per  Inch. 

threads. 

inches. 

threads. 

inches. 

threads. 

20 

iH 

6 

3U 

3 

18 

i^ 

6 

4 

3 

16 

iH 

S% 

4X 

2ji 

14 

iH 

5 

4>i 

2^ 

13 

iji 

5 

4^" 

2H 

12 

2 

aH 

5 

2}i 

II 

2% 

4^ 

5X 

2% 

10 

2yi 

4 

SH 

2H 

9 

^H 

4 

5^ 

2H 

8 

3 

i% 

6 

2% 

7 

3X 

3H 

7 

3X 

3X 

Fable  No.  243. — ^Whitworth*s  Standard  Pitches  for 

Screwed  Iron  Piping. 


Number  of 
Threads 
per  inch. 


threads. 
28 

19 
19 
14 


Diameter  of 
Piping. 


inches. 

H 

I 


Number  of 
Threads 
per  inch. 


threads. 

14 

14 
II 

II 


Diameter  of 
Piping. 


inches. 

2 

above  2 


Number  of 
Threads 
per  inch. 


threads. 

II 

II 

II 

8 


nengaud  gives  a  table  of  the  dimensions  of  bolts  and  nuts,  based  on 
ge  practice  in  France.  It  is  here  translated  into  English  measures, 
is  of  triangular  and  of  square  section.  The  thickness  of  the  nut 
;ular  threads  is  equal  to  the  diameter  of  the  bolt,  as  in  Whitworth's 
The  depth  of  the  square  thread  is  nearly  equal  to  half  the  pitch, 
thickness  of  the  thread. 
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Table  No.  244. — Armengaud's  French  Standard  Bolts  and  Nutsl 

With  Hexagonal  Heads  and  Nuts. 
I.  Triangular  Thread— (Equilateral  Triangle). 


SCRBW. 


Diameter  of  Bolt 
and  Screw. 


millimetres. 

5 

7.5 
10 

12.5 

15 

17.5 
20 

22.5 

25 

30 

35 
40 

45 
50 

55 
60 

65 
70 

75 
80 


inches. 
.20 

•30 
.39 

•49 

.59 
.69 

•79 
.89 

.98 
1. 18 
1.38 
1.58 
1.77 
1.97 

2.17 
2.36 
2.56 
2.76 
2.95 

3.15 


Diameter 
at  Bottom 
of  Thread. 


inches. 

•13 
.22 

•31 

•39 

.48 

.58 

.66 
.76 

.84 
1.02 
1.20 
1.40 
1.56 

1-74 

1.92 
2.08 
2.26 
2.44 
2.60 
2.78 


Number  of 
Threads 
per  inch. 


threads. 
18.I 
16 
I4.I 
12.7 
II.5 
10.6 
9.8 

9^1 

8.5 

7.5 
6.7 
6.0 

5^5 

4.7 
4.4 
4.1 
3.8 

3.5 
3.4 


Hkao  and  Nut. 


Thickness 

of 

Head. 


inches. 

•24 
.30 
•38 

•44 
•52 

.66 
.72 

.80 

•94 
1.08 

1.22 

1.36 

1.50 

1.64 

1-74 
1.92 

2.06 

2.20 

2.34 


Thickness 
of  Nut. 


inches. 
.20 

.30 
.39 

•49 
.69 

.79 

.89 

.98 

I.I8 
1.38 
1.58 

1-77 
1.97 

2.17 
2.36 
2.56 
2.76 
2.95 

3-15 


Breadth 

across  the 

Flats. 


inches. 

•55 
.68 

.88 

1.04 

1.20 

1.40 

1.50 

1.68 

1.84 
2.16 
2.48 
2.80 

3-20 

3-44 

3.76 
4.08 
4.40 
4.70 
5.00 

5.35 


Woitiv 

Teaob 
Sntft 


Ibi. 
44 

<;! 

277 
400 

545 
713 

tool. 

•50 
.73 

•99 
1.30 

1.64 

2X>3 

2.92 
342 
3.97 
456 
5.12 


20 

25 

30 

35 
40 

45 
50 

55 
60 

65 
70 

75 
80 

85 
90 

95 
100 

105 

no 

"5 
120 


2.  Square  Thread. 


Depth  of 
Thread. 

tons. 

•79 

.072 

6.57 

— 

1.82 

•32 

.98 

.081 

5.97 

— 

2.01 

•51 

1. 18 

.093 

5.40 

2.22 

73 

1.38 

.10 

4.93 

— 

241 

•99 

1-57 

.106 

4.53 

2.63 

1.30 

1.77 

.114 

4.20 

— 

2.85 

1.64 

1.97 

.128 

3.91 

— 

3-07 

2.03 

2.17 

.13 

3.65 

— 

330 

2.45 

2.36 

.14 

3.43 

3.50 

2.92 

2,56 

.15 

3.23 

— 

3.70 

3-42 

2.76 

.158 

3.06 

— 

3.92 

3.97 

2.95 

.166 

2.92 

4^13 

4.56 

3.15 

.174 

2.76 

4.36 

5.18 

3.35 

.183 

2.63 

4.58 

5.85 

3.54 

.192 

2.51 

— 

4.78 

6.56 

3.74 

.200 

2.41 

— 

5.00 

7.30 

3.94 

.209 

2.31 

— 

5.22 

8.10 

4.13 

.220 

2.22 

— 

5-^3 

8.93 

4.33 

.226 

2.13 

— 

5.66 

9.80 

4.53 

.230 

2.06 

5.87 

10.71 

^1.72 

2.24 

2.00 

6.08 

11.66 
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SCREWED  STAY-BOLTS  AND  STAYED  SURFACES. 

Screwed  Stay-Bolts, — Sir  William  Fairbaim  tested  the  strength  of  J-^-inch 
d^r-boltSy  with  enlaiged  ends,  screwed  into  ^-inch  plates  of  copper  and 


Figs,  989,  983.— Flat  Stayed  Plates. 

*  iron,  some  of  them  being  rivetted  or  headed  in  addition,  as  in  the 
igs.  382  and  283. 

Bolts.  Plates.  Breaking  Weight 

1.  Copper  into  copper,  screwed  and  rivetted, 7.2  tons. 

2.  Iron       into  copper,      do.  do 10.7 

3.  Iron      into  copper,  screwed  only 8.  i 

4.  Iron      into  iron,  screwed  and  rivetted 12.5 


>» 


Notes.— 1st  Test,  The  bolt 
oke  through  the  shank. 
2d  Test.  The  rivet-head  was 
c^en  off,  and  the  bolt  was 
awn  out  of  the  plate,  strip- 
ig  the  thread. 

yi  Test,  The  bolt  stripped 
I  thread  of  the  plate. 
4M   Test,    The    bolt    broke 
"ough  the  shank;  screw  and 
ite  uninjured. 

Flat  Stayed  P/ates,— Sir  Wil- 
m  Fairbaim  tested  two  flat 
xes,  Fig.  284,  22  inches 
uare,  haviiig  top  and  bottom 
ites  of  )^-inch  copper  and  }i- 
zh  iron  respectively,  inclosing 
2^ -inch  water-space;  stayed 
ih  '3/,6-inch  iron  stays,  having 
Jarged  ends  screwed  and 
retted  into  the  plates,  to  re- 
csent  the  conditions  of  the 
lebox  of  a  locomotive.     The 


Fig.  384 — Flat  Stayed  Plates. 

stays  were  placed  at  intervals  of  5  inches 
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in  the  first  box,  and  4  inches  in  the  second.     Under  the  pressure  of 
the  sides  of  the  first  box  commenced  to  bulge  or  swell  between  the 
at  a  pressure  of  455  lbs.  per  square  inch,  and  the  box  was  burst  at  815 
by  the  drawing  of  the  head  of  a  stay  bolt  through  the  copper  pkic, 
shown. 

In  the  second  box,  the  bulging  commenced  at  a  pressure  of  515  lbs. 
square  inch;  it  amounted  to  }i  inch  at  1600  lbs;  and  at  1625  lbs.  one 
the  stays  was  drawn  through  the  iron  plate,  stripping  the  thread. 

At  the  5-inch  intervals,  rupture  took  place  when  the  stress  on  each 
bolt  was  9  tons;  at  the  4-inch  intervals,  the  ultimate  stress  was  11  Ji  tons. 

jF/af  Plates  of  Marine  Boilers. — Two  experimental  flat  boxes  were 
at  Plymouth  Dockyard,  by  Mr.  Phillips.'  They  were  constructed 
tively  of  7/'x6-inch  and  of  J^-inch  iron  plates,  stayed  at  intervals 
iSJi  inches  by  15^  inches,  with  i^-inch  screwed  stay-bolts  rivettedo 
at  the  ends,  giving  a  superficies  of  240  square  inches  for  each  boh:. 
Tested  by  hydrostatic  pressure,  the  plates  were  bulged  between  the  stsq^ 
bolts,  and  were  finally  pushed  off,  or  drawn  away  from  the  bolts,  under  tbe 
following  pressures: — 


Platbs. 
inch. 

7/16 

Sectional  Area  of  Stay-bolts. 

Bursting  I*ressare 

per  Square  Inch 

of  Surface. 

Total  Pressure 
for  each  Stay-boit 

In  Body. 

At  Thread. 

square  inch, 
(say)     1.2 
(say)     1.2 

square  inch. 
1.48 
1.48 

lbs. 
105 
140 

tons. 

11.25 

14.73 

When  nuts  were  applied  to  the  ends  of  the  stay-bolts  through  the  Vi6-indi 
plate,  they  bore  a  pressure  amounting  to  165  lbs.  per  square  inch,  on  the 
plate ;  when  the  box  gave  way  at  a  ri vetted  joint. 

Rules  for  Flat  Stayed  Surfaces, — Mr.  Wm.  Bury^  propounds  the  following 
rules  for  the  staying  of  the  flat  surfaces  of  marine  boilers: — isL  The 
diameter  of  the  screwed  stays  over  the  threads,  should  never  exceed  three 
times  the  thickness  of  the  plates.  2d.  The  working  steam-pressure  allowed 
per  square  inch  of  section  of  the  stay-bolts,  at  the  threads,  is  5000  lbs. 
3d.  The  formula  for  the  working  pressure  in  pounds  per  square  inch,  with 
the  above-named  proportions,  is, — 


112  (thickness  of  plate  in  sixteenths  inch) 


area  of  stayed  surface  for  each  stay,  in  square  inches 


=lbs.  per  square  inch, 


which  appears  to  agree  with  safe  practice.     Mr.  Bury  gives  the  following 
data,  by  this  rule: — 


*  See  Engineerings  September  I,  1876,  page  185. 

*  Engineerings  Septemlier  15,  1 876,  page  236. 
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Na  '245. — Proportions  of  Flat  Stayed  Surfaces  of  Boilers. 
Far  a  war Jmg pressure  of  30  lbs.  per  square  inch. 


!    «--»<. 

Secdonal  Area 

Area  of  Surface  for 

I 

1       Scsriioks. 

at  Threads. 

'        each  Stay  bolt. 

of  Stay-boltft. 

iBCk. 

square  indi. 

square  inches. 

indtes. 

IX 

0.8 

133 

n>i 

iX 

I.O 

166 

13 

IS/16 

I.I 

183 

•3^ 

I>< 

1.2 

200 

14X 

I>i 

1-5 

250 

•5^ 

Mr.  Bury  recommends  that  nuts  should  be  applied  on  the  uptake  ends 
€f  the  bolts  outside  the  plates,  where  they  are  above  the  water-line.  He 
leckons  on  a  bursting  pressure  six  times  the  working  pressure. 


HOLLOW  CYLINDERS:— TUBES,    PIPES,    BOILERS,  &c. 

Resistance  to  Internal  or  Bursting  Pressure.    Transverse 

Resistance. 

The  action  of  a  centrifugal  pressure  within  a  cylinder  is  illustrated  by 
1^-  94>  P^c  274.  The  resistance  offered  by  the  sides  of  the  cylinder  to 
tntemal  pressure  transversely,  is  not  uniformly  exerted  throughout  the  thick- 
ness of  the  sides.  On  the  contrary,  the  resistance  varies,  and  is  a  maximum 
It  the  inner  surface  of  the  cylinder,  and  when  the  stress  on  the  inner  sur- 
bce  does  not  exceed  the  limit  of  elastic  resistance,  the  tcnsional  stress 
diminishes  uniformly  through  the  thickness  of  the  sides,  and  is  a  minimum 
tt  the  outer  surface. 

For  cast-iron,  in  which  the  strain  increases  approximately  in  proportion 
Id  the  stress,  this  simple  ratio  of  decrease  holds  approximately  up  to  the 
bursting  strength,  which  is  measured  by  the  total  resistance  opposed  to 
breakage  when  the  internal  surface  is  strained  to  the  ultimate  limit  of  its 
tensile  strength.  But  in  the  stretching  of  wrought  iron  and  steel,  there  is 
a  break  in  the  tmiforroity  of  the  stretching,  at  the  yielding  point,  as  is  shown 
veiy  clearly  by  Fig.  222,  page  624;  for,  beyond  the  yielding  point,  the 
extension  proceeds  in  a  greatly  accelerated  ratio  with  the  stress. 

Take,  for  instance,  the  cast-iron  cylinder  of  a  hydraulic  press,  10  inches 
in  diameter  internally  and  20  inches  externally,  shown  in  cross  section  in 
Fig.  285.  Divide  the  thickness  of  it  into  an  indefinite  number  of  concentric 
rings  of  equal  thicknesses,  a,  b,  c,  d,  e\  and  suppose,  only  for  the  sake  of 
argument,  that  the  first  or  innermost  ring  is  stretched  by  internal  pressure 
to  1 1  inches  in  diameter  inside.  All  the  other  rings  will  be  stretched  to 
larger  diameters,  in  such  proportions  that,  whilst  the  circumferential 
extension  b  the  same  for  all  the  rings,  the  increase  of  diameter  will  be 
bversely  as  the  original  diameter  of  each  ring,  so  that  the  outermost,  or 
2<Hiicfa  rio^  will  be  stretched  only  ^  inch  in  diameter,  or  half  the  diamd- 
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rical  stretch  of  the  innennost  ring.  The  comparative  stretches  of  Oie  i 
cessive  rings  are  shown  by  shadings  on  the  right  side  of  the  fignre;  i 
the  shadings  at  the  same  time  show  by  their  thicknesses  the  reUtive  Kni 
on  the  successive  rings. 


4 

•1 

Fig.  la?.— DiaenmloihoulheSlrelchingof  Fig.  iBS.— Diagram  to  ihow  lit  HyptAtltRidi 

Holluw  Cylindcn  by  Inlenuil  Pmiurc.  of  the  Slreu  ihrouihotu  ibc 'nuduni,  br  a- 

tcrnid  pTCBure. 

Since  the  stress  is  inversely  as  the  radial  distance  from  the  centre,  if  in 
values  be  represented  by  ordinates  to  the  radius  treated  as  a  base-line,  £  at, 
in  the  longitudinal  section,  Fig.  286,  they  will,  if  connected  at  the  ends, 
form  a  hyperbolic  curve  a'  e';  and  the  area  comprised  between  theaint 
and  the  base-line,  is  a  measure  of  the  total  resistance  of  the  section.  Lei 
r  =  the  inside  radius  c  (7, 
r'=  the  outside  radius  cc, 

s  =  the  maximum  tensile  stress,  in  tons  per  square  inch, 
d  =  the  inside  diameter  -3  r, 
d'  ~  the  outside  diameter  =  2  r', 

R  =  the  ratio  of  the  outside  diameter  lo  the  inside  diameter=-7=-> 
/  =  the  internal  pressure  in  tons  per  square  inch. 
Then,  the  rectangular  area  cc' a  a  is  a  measure  of,  or  is  equal  to,  rui, 
for  a  length  of  i  inch  parallel  to  the  axis ;  and  the  area  of  resistance  undet  the 
hyperbolic  curve  aa'  e'  t,  is  equal  to,  for  both  sides  (rx  j)xhyp  logRxi. 
The  internal  pressure  to  be  resisted,  for  i  inch  of  length,  is  equal  10/^ 
the  product  of  the  inside  diameter  and  the  hydrostatic  pressure  per  sqiun 
inch;  and  it  is  equal  to  the  resistance;  that  is,/rf=(r  x  j  xhyp  log  Rks) 
Or,  pd=  z/- jxhyp  log  R  =  i/jyhyp  log  Rj  and 

j»  =  jxhyplogR (i) 

s=         P        (a) 

hyp  log  R  ^     ' 

hypIogR=| (3) 

Tliese  formulas  express  the  relations  of  the  internal  pressure,  and  tl 
maximum  tensile  stress  on  the  metal  at  the  inner  surface,  within  the  limi 
of  elastic  strength.     They  are  gvveiv  as  luks,  lielow. 
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Bursting  Strath, — For  cast-iron  cylinders,  the  foregoing  formulas  may 
also  be  employed  in  calculations  for  the  bursting  strength,  and  the  corre- 
fionding  ultimate  breaking  strength. 

To  calculate  the  bursting  strength  of  wrought  iron  and  of  steel  cylinders, 
let  the  base-line  cae^  Fig.  286,  represent,  as  before,  the  inside  radius  ca. 
and  the  outside  radius  cc.  Draw  the  verticals  cc'  and  aa\  to  measure  the 
ultimate  tensile  strength  of  the  metal  per  square  inch ;  conceive  the  verti- 
cals to  be  bisected  at  points  which  may  be  indicated  as  c'  and  a"^  and  draw 
r' tf*  ^'^  parallel  to  the  base.  The  rectangle  a  a"  e"  e  ^q\\A  represent  the 
resistance  of  the  section  due  to  the  elastic  strength  of  the  material,  which 
is  uniform  throughout  the  thickness  and  is  taken  as  half  the  ultimate  tensile 
strength.  Draw  intermediate  vertical  ordinates  through  the  radial  intervals 
of  the  thickness,  between  a  and  c\  and  set  off  the  lengths  of  the  upper 
s^;ments,  above  the  middle  level  a"  e"^  to  represent  the  values  of  the  uni- 
fomily  varying  tensions  in  excess  of  the  elastic  limit,  forming  a  hyperbolic 
curve,  say,  a'  e\  The  resistance  of  the  section  thus  treated,  consists  of  two 
parts: — the  uniform  resistance  aa" e" e^  equal  to  (^'-^)xj4  j;  and  the 

varying  resistance  a"  a'  e'  e''^  equal  to  (r  x  — ^)  x  hyp  log  R.    Twice  the  sum 

2 

of  these  resistances  is  equal  to  the  internal  pressure  per  inch  of  length 
of  the  cylinder;  whence,^ 


/ 


_^(R-hhyplogR-i) ^^^ 


=               2/  .    . 

^"(R-hhyplogR-r) ^^^ 

(R-hhyplogR)  =  ^-M (6) 

Rules  for  the  Strength  of  Hollow  Cylinders,  within  the  Limits 

OF  Elastic  Strength. 

Rule  i.  To  find  the  Internal  Pressure  for  a  given  maximum  tensile  stress 
en  the  material.  Multiply  the  hyperbolic  logarithm  of  the  ratio  of  the 
external  to  the  internal  diameter,  by  the  maximum  tensile  stress  in  tons 
per  square  inch  of  the  metal.  The  product  is  the  internal  pressure  in  tons 
per  square  inch. 

Rule  2.  To  find  the  maximum  Tensile  Stress  on  the  sides  for  a  given  inter- 
nal pressure.  Divide  the  pressiu*e  in  tons  per  square  inch  by  the  hyperbolic 
logarithm  of  the  ratio  of  the  external  to  the  internal  diameter.  The  quo- 
tient is  the  maximum  tensile  stress  on  the  metal  in  tons  per  square  inch. 

*  The  formula  (4)  is  thus  deduced : — 

/  //=  (  (r'  -  r)  X  ^  X  2  )  +  (  2  (  r  X  ~ )  X  hyp  log  R);  or, 

p  dz=.  (^—Uzxs)  +  (  -  X  J  X  hyp  log  R). 
2  2 

Dividing  both  sides  by  d^ 

;»  =  .(^^.hyplogR)^,(j^^^^.hyplogR). 

2a  2  2a  2 

and,  substituting  R  for  -j- ,  the  formula  for  the  pressure  becomes, 

a 


=  s  (R  +  hyplogR-i) j^^ 


^ 
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Rule  3.   To  find  the  Ratio  of  the  Outside  Diameter  to  the  Inside  Diamder, 

for  a  given  maximum  tensile  stress  on  the  sides ^  and  a  given' internal  ptssm. 

Divide  the  pressure  by  the  stress,  both  in  tons  per  square  inch.    TIk 

quotient  is  the  hyperbolic  logarithm  of  the  ratio  of  the  diameters,  for  wfaidi 

the  ratio  may  be  found  in  a  table  of  hyperbolic  logarithms. 

Rules  for  the  Bursting  Strength  of  Hollow  Cylinders. 

Cast  Iron, 

m 

The  rules  and  formulas  (i),  (2),  and  (3),  may  be  employed  for  calculat- 
ing the  bursting  strength,  and  the  corresponding  ultimate  tensile  strength, 
of  cast-iron  hollow  cylinders. 

Wrought  Iron  and  Steei. 

Rule  4.  To  find  tJu  Bursting  Pressure  for  a  given  ultimate  tensile  strenffk 
of  the  material.  To  the  ratio  of  the  outside  to  the  inside  diameter,  add 
the  hyperbolic  logarithm  of  this  ratio,  and  from  the  sum  deduct  i.  Multi- 
ply half  the  remainder  by  the  ultimate  tensile  strength  in  tons  per  square 
inch.     The  product  is  the  bursting  pressure  in  tons  per  square  inch. 

Rule  5.  To  find  the  Ultimate  Tensile  Strength  of  the  material  for  a  pm 
bursting  pressure.  To  the  ratio  of  the  outside  to  the  inside  diameter,  add 
the  hyperbolic  logarithm  of  this  ratio,  and  from  the  sum  deduct  i.  Divide 
twice  the  bursting  pressure  in  tons  per  square  inch  by  the  remainder  just 
found.  The  quotient  is  the  ultimate  tensile  strength  in  tons  per  square 
inch. 

Rule  6.  To  find  the  Ratio  of  the  Outside  to  the  Inside  Diameter^  for  a  gim 
bursting  pressure  and  ultimate  tensile  strength.  Divide  twice  the  bursting 
pressure  by  the  tensile  strength,  and  add  i  to  the  quotient.  The  sum  is 
equal  to  the  ratio  plus  the  hyperbolic  logarithm  of  the  ratio.  The 
value  of  the  ratio  is  found  by  trial  and  error,  in  a  table  of  hyperbolic 
logarithms. 

Notes  to  Rules  i  to  6. — i.  The  hyperbolic  logarithm  of  a  number  is  equal 
to  the  product  of  its  common  logarithm  by  2.3026.  2.  The  pressure  and 
the  tensile  stress  may  be  expressed  in  pounds  or  in  hundredweights,  instead 
of  tons. 

ist  Example. — Let  the  inside  diameter  of  the  cast-iron  cylinder  of  a 
hydraulic  press  be  10  inches,  the  outside  diameter  30  inches,  and  the 
ultimate  strength  of  the  metal  7  tons  per  square  inch ;  to  find  the  bursting 

pressure.  The  ratio  of  the  diameters  is  (— =)  3,  of  which  the  hyper- 
bolic logarithm  is  1.0986  (see  table  No.  2,  page  61).  By  rale  i,  the  burst- 
ing pressure  is  (1.0986  x  7  =)  7.69  tons  per  square  inch. 

Average  Stress  on  the  Metal. — As  the  total  transverse  resistance  per  inch 
of  length  of  cylinder  is  equal  to  /  d,  which  is  the  product  of  the  inside 
diameter  by  the  bursting  pressure  per  square  inch,  the  average  stress  on  the 

i>  d  ' 

metal  is  equal  to  -^f—, ;  that  is  to  say,  it  is  equal,  in  tons  per  square  inch, 

to  the  product  of  the  inside  diameter  by  the  bursting  pressure  in  tons  per 
square  inch,  divided  by  the  difiexetice  of  the  inside  and  outside  diameters. 
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In  the  foregoing  example,  the  average  stress,  which  bursts  the  cylinder,  is 

equal  to  {^-^  ^'  ^  =  )  3.845  tons  per  square  inch  of  section — little  more 
30-10 

tlian  half  the  direct  tensile  resistance  of  the  metal. 

id  Example. — A  steam-boiler,  7  feet  in  diameter  inside,  of  7/x6-inch 

wrought-iron  plates,  was  burst  at  a  longitudinal  double-rivetted  joint  by  a 

pressure  of  310  lbs.  per  square  inch.     The  outside  and  inside  diameters, 

^and  d\  were  84.875  inches  and  84  inches  respectively,  the  ratio  of  which 

is  1.0104.    By  formula  (  5  )  the  ultimate  tensile  strength  was 

310x2  620  620  00/:  1U 

=-^ = = =  20,886  lbs., 

1.0104  +  hyplog  1.0104- I     1.0104 +  .010345  —  I     .020745 

or  13.34  tons  per  square  inch  of  the  section  of  the  solid  plate. 

•^^  Example, — A  cast-iron  pipe,  10  inches  in  diameter  inside,  is  ^  inch 

in  thickness.     What  is  the  bursting  strength  when  the  ultimate  tensile 

strength  of  the  material  is  equal  to  7  tons  per  square  inch?    The  ratio  of 

the  outside  to  the  inside  diameter  is  as  11.5  to  10,  or  as  1.15  to  i;  and,  by 

ibnnula  ( i  ), 

7xhyp  log  1. 15  =  7 X. 1398  =  .9786  ton, 

or  2192  lbs.  per  square  inch,  is  the  bursting  pressure. 

Approximate  Rules  for  Transverse  Resistance  to  Bursting 

Pressure. 

When  the  diameter  is  very  considerable,  compared  to  the  thickness,  the 
trans\'erse  resistance  to  bursting  pressure  may  be  taken  approximately  as 
directly  proportional  to  the  thickness  of  the  metal,  and  inversely  propor- 
tional to  the  diameter.  The  total  pressure  on  a  i-inch  length  of  section  of 
both  sides  together,  is  equal  to  the  product  of  the  diameter  by  the  pressure 
per  square  inch. 

Let  ^=the  diameter,  in  inches;  /  =  the  thickness  of  metal  at  each  side, 
m  inches;  x  =  the  ultimate  tensile  strength  of  the  metal,  in  tons  per  square 
inch;  and  /  =  the  pressure  in  pounds  per  square  inch.  Then  dp  is  the  total 
pressure  on  a  i-inch  length  of  both  sides  together;  2  /  is  the  sectional  area 
of  both  sides;  and  2  / j x  2240  =  dp^  or, 

4480 /J.  .       dp    .    ^  dp  r7W8WQ^ 

Rule  7. — The  bursting  pressure  in  pounds  per  square  inch  of  surface  is 
equal  to  4480  times  the  product  of  the  thickness  by  the  ultimate  tensile 
strength  per  square  inch,  divided  by  the  diameter. 

Rule  8. — The  thickness  of  metal  required  at  each  side  is  equal  to  the 
product  of  the  diameter  and  the  pressure  per  square  inch,  divided  by  the 
ultimate  tensile  strength  per  square  inch,  and  by  4480. 

Rule  9. — The  ultimate  tensile  strength  in  tons  per  square  inch  of  section 
of  metal  is  equal  to  the  product  of  the  diameter  by  the  bursting  pressure 
per  square  inch;  divided  by  the  thickness  of  metal  and  by  4480. 

Nate, — When  the  material  is  made  of  jointed  plates,  the  tensile  strength 
of  the  solid  plate  is  to  be  multiplied  by  the  coefficient  of  strength  of  the 
joint,  to  give  the  reduced  strength  to  be  employed  as  the  value  of  s  in  the 
calculation. 
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Longitudinal  Resistance  to  Bursting  Pressure. 

When  the  ends  of  a  cylinder  are  closed,  and  make  one  piece  with  the 
cylindrical  portion,  the  total  longitudinal  resistance  to  internal  pressure  is 


c      c 

J I 

€?  d 


b  b 

Fig.  287. — Diagram  for  the  Resistance  of  a  Flat-headed  Cylinder  to  Bursdng  Pressure. 

directly  proportional  to  the  thickness  of  the  metaJ,  and  to  the  diameter; 
whilst  the  total  bursting  force,  acting  on  the  ends,  is  proportional  to  the 

Table  No.  246. — Experimental  Resistance  of  Solid-Drawn  Tubes  to 
Bursting  Pressure  and  Collapsing  Pressure. 

(Deduced  from  Messrs.  Russell's  data.) 
Wrought-Iron  Tubes. 


External 
Diameter. 

Thickness. 

Internal 
Diameter. 

Bursting  Pressure. 

Collapsing  Pressure. 

Diflercnoe 

Per 
square  inch 

Per  square 
inch  of 

- .    . 

'       Per 
'    square 

Per  square 
inch  of 

of  Bum- 

insud 

Cdbpsiac 

Pressm 

of 

Section  of 

'    inch  of 

Section  of 

inches. 

Surface, 
lbs. 

Metal 

1  Surface. 

Metal. 

inches. 

b.w.g. 

inch. 

tons. 

lbs. 

tons. 

tons. 

3X 

JO 

.134 

2.982 

4800 

23.84 

3300 

17.86 

S.98 

3% 

10 

•134 

2.857 

4500 

21.42 

3150 

16.40 

S.ai 

3 

11 

.120 

2.760 

4500 

23.10 

3500 

19.53 

3.57 

21/ 

II 

.120 

2.510 

5200 

24.28 

3500 

17.89 

6.39 

2'A 

II 

.120 

2.260 

5000 

21.02 

3600 

16.74 

4.28 

2X 

II 

.120 

2.010 

5900 

22.06 

4500 

18.82 

3.24 

2 

12 

.109 

1.782 

5900 

21.53 

4900 

2ao7 

146 

Avera 

12 

ges,  omii 

.109 

tting  the 

1.532 

last  tube 

5600 

17.57 

4000 

14.33 

3.24 

22.40 

— 

18.20 

— 

HOMOGEN 

ECUS  Me- 

PAL  TUBE! 

5. 

3  , 

13 

.095 

2.810 

i    3600 

23.77 

3150 

22.20 

— 

2^ 

13 

.095 

2.060 

7600 

36.78 

4600 

24.32 

— 

2 

15 

.072 

1.856 

4000 

23.02 

3500 

21.70 

—    ; 

iH 

17 

.058 

1.409 

4600 

24.94 

4000 

25.02 

I 

Bessem 

ER   StEEI 

,  Tubes. 

I'X 

13 

.095 

1.56      i 

7800 

,   28.92 

;  4600 

'    18.91 

— 

Hye 

>RAULIC   1 

'ubes. 

proved  to 

2)4 

— 

5li6 

iH 

11,000 

14.73 

"""■ 

— 

— 

iH 

5/16 

I 

6,000 

4.29 

— 

— 

I'A 

X 

H 

4,000 

2.23 

— 

— 

Ji 

5/16 

H 

12,000 

2.15 

"~~ 

^~'~ 
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[uare  of  the  diameter.  It  results  that  the  longitudinal  resistance  per 
[uare  inch  to  bursting  force  is  inversely  proportional  to  the  diameter. 
Bt  the  circle  and  the  rectangle,  Fig.  287,  be  a  cross  section  and  a 
ngitudinal  section  of  a  cylindrical  boiler;  the  area  of  the  circle  is  a 
easiire  of  the  longitudinal  pressure  of  the  steam  on  the  ends  of  the  boiler. 
;t  off  the  interval  a  a  on  the  circular  section,  and  the  interval  cc  on  the 
ngitudinal  section;  and  draw  the  diameters  ab^ab^  and  the  parallels  cd^cd. 
he  areas  of  pressure  to  be  resisted  are  respectively  the  two  triangular 
aces  ab^  and  the  rectangle  cd\  and,  since  the  former  have  only  half  the 
irfieuie  of  the  latter,  it  follows  that  the  longitudinal  stress  on  the  shell  is 
ily  half  the  transverse  stress  per  square  inch,  and  that  the  amount  of 
e  longitudinal  resistance  is  proportionally  twice  as  much  as  that  of  the 
insverse  resistance. 

On  the  same  showing,  a  hollow  sphere  resists  twice  the  pressure  per 
uare  inch,  that  a  tube  of  equal  diameter  and  thickness  can  do. 

Wrought'iron  Tubes, — Messrs.  J.  Russell  &  Sons  tested  the  resistance  of 
•lid-drawn  wrought-iron  tubes  to  bursting  pressure,  and  to  collapsing  pres- 
re,  on  the  results  of  which  table  No.  246  is  based. 
The  bursting  pressure  of  the  wrought-iron  tubes  in  tons  per  square  inch 

section  of  metal,  appears  to  be  practically  constant;  and  it  may  be 
ken  for  practical  purposes  that  the  ultimate  strength  is  measured  by  the 
Dsile  strength  of  the  material. 
Resistance  of  a  Lancashire  Boiler  to  Bursting  Pressure. — A  boiler  7  feet 

diameter,  made  of  7/,g-inch  plates,  was  tested  by  Mr.  L.  E.  Fletcher, 
id  bore  a  pressure  of  310  lbs.  per  square  inch,  when  it  failed  at  one  of 
e  longitudinal  seams,  which  were  double-rivetted.     Applying  rule  9, 

ge  691,  the  ultimate  tensUe  strength  was  equal  to  (^4  inches  x  3 10  lbs.  ^ . 
*      ^  ^  .  -4375  ^  4480  ^ 

;.29  tons  per  square  inch  of  section  of  the  entire  plate.  This  instance 
rmed  the  subject  of  the  2d  example,  page  638.  In  this  instance,  the 
asile  strength,  as  calculated  by  the  exact  rule  5,  page  690,  is  13.34  tons 
T  square  inch.  This  is  .05  ton,  or  about  Vs  ths  of  i  per  cent,  more 
an  is  given  by  the  approximate  rule. 

Take  the  correctly  calculated  strength,  13.34  tons,  with  the  net  section 
plate  between  the  rivets,  which  was  two-thirds  of  the  section  of  the  con- 

luous  plate.     Then  13.34  x  A  =  20.01  tons  per  square  inch,  the  tensile 

2 

rength  of  the  plate  between  the  rivet-holes. 

Resistance  of  a  Cylindrical  Marine  Boiler  and  a  Superheater  to  Bursting 
Vessure} — A  cylindrical  boiler,  1 1  feet  3  inches  in  diameter  inside,  of  ^-inch 
ates,  double-rivetted,  was  burst  by  a  hydraulic  pressure  of  230  lbs.  per  square 

ich,  equivalent,  by  rule  9,  to  ^35  ^   3^ — •  =  9.241  tons  per  square  inch 

.75  X4480 

f  section  of  the  solid  plate.     The  rivet-holes  were  i  7x6  inch  in  diameter,  at 

5^  inches  pitch,  leaving  61.36  per  cent  of  solid  metal  between;  and  the 

Itimate  tensile  strength  of  metal  left  between  the  rivet-holes  was  9.241  x 

— 2*=  ^5-®^  ^o°s  P^  square  inch. 
.\  superheater,  99.915  inches  in  diameter  inside,  of  9/,5-inch  plates, 

*  The  data  arc  derived  from  Engineerings  July  21,  1876,  page  47. 
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double-rivetted,  with  »3/,6-inch  rivet-holes  at  2^4  inches  pitch,  was  burst  at 
the  same  time  by  a  hydraulic  pressure  of  245  lbs.  per  square  inch,  equiva- 
lent to  ^-^l-  "^^0^  =  9-^55  tons  per  square  inch  of  the  solid  plate.    Tbc 

.562    X  4480 

metal  left  between  the  rivet-holes  was  67.6  per  cent  of  the  entire  section, 

and  the  resistance  of  that  metal  was  9.655  x  ——  =  14.28  tons  per  squat 
inch  of  its  net  section.  '' 

Now  the  tensile  strength  of  the  plates  of  the  boiler  and  the  superheater, 
tested  by  Mr.  Kirkaldy,  averaged  20.5  tons  per  square  inch  for  the  boiler, 
and  20.2  tons  for  the  superheater.  These  instances  have  already  been 
noticed  at  page  638,  in  the  discussion  of  rivet-joints,  and  they  forcibfy 
demonstrate  the  essential  weakness  of  rivetted  lap-joints  in  very  thid 
plates.  The  net  tensile  resistance  of  the  plates  between  the  holes  was 
reduced  a  fourth. 

Cast-iron  Pipe, — For  a  lo-inch  pipe,  ^  inch  thick,  having  an  ultimate 

tensile  strength  of  7  tons  per  square  mch,  the  bursting  pressure  is,  by 

formula  (  7  ),  page  691, 

4480  X  .7c  X  7  ,,  .    , 

^-* *-^ — *  =  2352  lbs.  per  square  mch. 

By  a  previous  calculation,  page  691,  with  the  exact  formula  (  i ),  the  burst- 
ing pressure  was  found  to  be  2192  lbs.  per  square  inch,  showing  that  the 
ordinary  approximate  formula  (  7  )  gives  160  lbs.,  or  7^  per  cent,  more 
than  the  correct  formula. 

Resistanxe  of  Hollow  Cylinders  to  External  Collapsing 

Pressure. 

Solid-drawn  Tubes, — By  the  action  of  a  centripetal  force  on  the  outside 
of  a  hollow  cylinder,  compressive  stress  is  produced,  tending  to  collapse  the 
cylinder.  In  table  No.  246,  the  resistance  of  WTOught-iron  tubes  to  col- 
lapse is  given.  It  is  less  than  the  resistance  to  bursting,  and  the  difference 
between  the  bursting  and  the  collapsing  pressures  increases  with  the  dia- 
meter, as  shown  in  the  last  column.  When  plotted  and  arranged  into  a 
curve,  or,  as  in  this  case,  a  straight  line,  the  value  of  the  difterence,  in 
terms  of  the  diameter,  is  2^3  (d-  i),  which  probably  holds  for  diameters 
up  to  6  inches.  When  the  diameter  d  is  only  one  inch,  d-  1=0,  and  the 
difference  vanishes.  The  average  bursting  pressure  being  22.40  tons  per 
square  inch  of  section  of  metal,  the  collapsing  pressure  is  22.40-2*3 
(^-i);  or,— 

Collapsing  Fn'ssare  per  square  inch  of  Longitudinal  Section  of  Metal  for 
Solid-drawn  Iron  Tubes  up  to  6  ifultes  in  diameter, 

/'  =  25-22/3^,   (4) 

in  which  d  is  the  external  diameter  in  inches,  and/'  is  the  collapsing  pres- 
sure in  tons  per  square  inch  of  longitudinal  section.  The  thickness  is 
taken  as  from  V'ls^h  to  ^Us^h,  of  the  diameter. 

The  corresponding  pressure  per  square  inch  on  the  external  surface  of 
the  tube,  is  equal  to  the  total  collapsing  pressure  for  i  inch  in  length  of 

the  tube,  divided  by  the  diameter;  or  it  is-^  ^  ^  ^  ^^4o.  ^^^j^  reducing, 
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CoUafshtg  Superficial  Frasurt ptr  square  inch  (ist  formula). 


448o/'<. 


(5) 


p  being  the  superficial  pressure  in  pounds  per  square  inch,  and  /  and  d  the 
diickncss  and  the  diameter  in  inches. 

The  collapsing  pressure  may  be  expressed  in  terms  of  the  diameter,  by 
nt»tituting  in  Se  above  fonnula  { s  )  the  value  of  /'  in  ( 4 ),  when  it 
becomes,  by  reduction,  /  =  /  n  ( — 1 1 947),  or,  in  round  numbers, — 


Collapsing  Superficial  PresAire  per  square  inch  {2d  fonnula). 

,  =  ,,(!i^-,.ooo) (6) 

The  table  No.  247  shows  the  bursting  and  collap>sing  pressures  of  soHd 
WTOught-iron  lubes  of  the  usual  diameters  and  thicknesses,  calculated  by 
means  of  the  preceding  formulas: — 


Table  Na  247.— Solid-drawn  Ir 

ON  Tubes— Calculated  Bursting 

AND 

Collapsing  Pressures. 

ass. 

l,.lcrn>L 

B..,in,P,™... 

ColI.p,in 

P™u«. 

P" 

P<T  Kiu=r= 

Per 

P«««.« 

Tfrnt^l 

Scclion  at 

S  Eilf'nul 

SeciUMiDf 

Meul, 

aO^ 

B.W,G. 

ndi. 

incha. 

lbs. 

ton.. 

LIB. 

lOOi. 

iV 

0B3 

1.084 

7700 

22.4 

6500 

21.7 

iX 

083 

1,209 

6900 

5800 

21.3 

"i 

083 

1-334 

6200 

S3O0 

'^ 

083 

1.4S9 

5700 

22.4 

4700 

20.7 

'H 

083 

1.584 

5300 

4300 

20.3 

tH 

0S3 

1.709 

4900 

22.4 

4000 

3 

083 

1.834 

4500 

22.4 

3700 

'9-7 

!X 

095 

'■935 

4900 

3800 

19-3 

« 

09s 

2.06a 

4600 

22.4 

3600 

19.0     1 

sji 

109 

2.282 

4800 

.8.3   ! 

'X 

109 

2-S32 

4300 

3100 

17-7 

3 

2.760 

4400 

3000 

17.0 

'", 

120 

3.010 

4000 

2700 

.6.3 

IX 

'34 

3.231 

4200 

224 

2700 

'5-7 

3K 

134 

3-482 

3900 

22.4 

2400 

15.0 

4 

134 

3-731 

3600 

22,4 

2100 

"4-3 

tX 

134 

3-982 

34DO 

1900 

13-7 

tH 

'34 

4.232 

3200 

1700 

13-0 

•M 

134 

4.482 

3000 

22,4 

1600 

12.3 

s 

'3^ 

4-73^ 

2800 

22.4 

1400 

"-7 

sx 

148 

4-954 

3000 

1400 

l\Xt 

iX 

148 

S-204 

2800 

10.3 

? 

148 

5-4S4 

2700 

9-7 

148 

S-704 

2600 

22.4 

1000 

9^ 
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Large  Flue-Tubes. — The  flue-tubes  of  Lancashire  and  of  Cornish  boilen 
vary  in  diameter  from  18  inches  to  4  feet,  and  they  are  usually  composed 
of  rings  of  plates  rivetted  together,  requiring  one  or  two  longitudinal  seami 
The  tubes  are,  therefore,  not  exactly  circular  in  section.  From  an  analyss^ 
made  by  ^the  author,  of  Mr.  L.  E.  Fletcher's  Reports,^  it  appears  that  flIl^ 
tubes  of  various  diameters  have  collapsed — all  of  them  unfortified  by  the 
intermediate  rings  the  value  of  wluch  is  now  thoroughly  understood. 
Selecting,  for  the  present  purpose,  a  few  of  the  best  samples  of  collqned 
flues,  the  dimensions  and  the  collapsing  pressures  for  them  are  given  in 
table  No.  248: — 

Table  No.  248. — Collapsing  Resistance  or  Large  Flue-Tubes. 


Internal 
Diameter. 

Thickness. 

External 
Diameter. 

Collapsing  Pressure. 

Per  tqitare 

inch 
of  Suriiioe. 

Per  square 

inch  of  Section 

of  Metal. 

inches. 

24 
32 

34 
42 
48 
60      ) 

Firetube  J 

inch. 
3/16 

i 

inches. 

24X 

34>i 
42  J<: 
48>i 

60M' 

lbs. 
60 
60 
60 
60 

50 
50 

tons. 

174 

1.74 
1.84 

1-53 
2.17 

1.88 

Avei 

•age 

1 

— 

1.82 

It  is  remarkable  that  the  collapsing  resistance  does  not  sensibly  exceed 
2  tons  per  square  inch  of  longitudinal  section  of  the  metal.  Plotting  the 
results,  the  following  formula  comprehends  the  average  resisting  force  of 
common  boiler-flues : — 


-        .-      /()0000  X 

/  = '' X  (^-^  -  500) 


(7) 


It  is  assumed  that  the  flues  are  not  strengthened  by  rings.     The  influence 
of  length  of  flue-tube  is  an  uncertain  element. 

Lead  Pipes. 

Mr.  Jardine  found  that  a  i  J^-inch  lead  pipe,  .20  inch  thick,  sustained  a 
pressure  of  1000  feet  of  water,  or  29^  atmospheres,  without  any  alteration 
of  form.  Under  1200  feet  of  water,  or  35  atmospheres,  it  began  to  en- 
large; and  it  burst  under  1400  feet,  or  40  atmospheres,  having  swollen 
to  a  diameter  of  i^  inches.  A  2-inch  pipe,  .20  inch  thick,  sustained  a 
pressure  of  800  feet  of  water,  or  23^^  atmospheres,  with  scarcely  any 
enlargement;  but  it  burst  under  1000  feet,  or  29  atmospheres.  From  these 
results  it  appears,  by  the  aid  of  rule  2,  page  689,  that  the  elastic  strength 
of  lead  is  equal  to  15  cwts.  per  square  inch  of  sectional  area  and  that  the 
ultimate  strength  is  equal  to  i  ton  per  square  inch. 

*  Monthly  Reports  to  the  Manchester  Steam- Users^  Association^  1862-69. 
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FRAMED  WORK:— CRANES,  GIRDERS,  ROOFS,  &c. 


Fw  the  purpose  of  resisting  the  stress  of  heavy  loads,  the  triangle  coosti- 


[«d  W  is  applied  direct  to  a 
otical  pilUrd^,  Fig.  z88,  the 
esistance  is  in  the  line  of  the 
tress,  and  no  framework  is 
mployed.  But,  if  the  load  be 
f^ied  at  £,  Fig.  189,  hori- 
ootally  apart  from  a,  the  tri- 
ngular  frame  abc  \&  con- 
tracted to  carry  Jt  Complete 
Ik  parallelogram  ad,  and  it 
i  seen  that,  if  the  vertical 
tress  (rf"  W  be  measured  by 
boTed,  the  horizontal  tensile 
less  in  a  c,  and  the  diagonal 
ompressive  stress  in  ^^,  are 
teasured  by  the  lengths  of 
lesc  members  respectively. 
t  is  obvious  here,  as  in  other 
ises,  that  when  a  counteract- 
y%  resistance  is  opposed  ob- 
qnely  to  a  weight  or  other 
ffce,  the  resisting  stress  is 
ecessarily  greater  than  the 
wee;  and  that  the  diagonal 
jess  increases  with  the  over- 
u^  as  in  Fig.  ago,  where, 
Oder  tbe  weights  e,  c,  and  ^ 
iccessively  further  fhim  the 
rig^  «,  the  diagonal  com- 
Rssive  resistances  cb,  ^b,  and  t'b  are  successively  increased.  The  iwii- 
antal  tensional  resistances,  measured  by  ca,  e'a,  and  e'a,  are  likewise 
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successively  increased.  These,  in  fact,  being  perpendiculars  to  ab^  m] 
the  leverages  of  the  weights  tending  to  pull  over  the  upper  end  a  of  diej 
upright  a  if;  and  simultaneously  to  push  out  the  lower  end  d.  The  veiticilij 
ctij  c'd\  and  c"d\  equal  and  parallel  to  ab^  are  successively  the  measoxei^ 
of  the  same  weight  at  the  several  positions. 

If  a  diagonal  of  constant  length,  equal,  say,  to  ^7^,  be  moved  intovsv 
ous  positions,  bc\  bc"^  and  bc"\  on  the  lower  end  ^,  with  a  given  weight  W  ^ 
supported  at  the  end,  as  in  Fig.  291 ;  the  weight  is  to  the  thrust  in  thedia* 
gonal,  proportionally,  as  the  vertical  dd',  (f  d\  or  c'" d"\  is  to  the  diagonal; 
showing  that  the  thrust  in  the  diagonal  increases  as  the  elevation  is  dimin- 
ished; and  that  the  horizontal  tension  in  «V,  (f(f^  and  a" <!'\  also increasei 

In  oblique-angled  frames,  like  Figs.  292,  293,  and  294,  the  stresses  in 
the  three  members  are  respectively  as  their  lengths.  The  horizontal 
pulling  and  thrusting  stresses  at  the  upper  and  lower  points  a  and  h  respec- 
tively, are  measured  by  the  perpendicular  c'  a  ox  ce,  in  Figs.  292  to  294; 
and  they  are  the  same  as  if  the  upper  member  had  been  horizontal,  as 
at  ad. 

When  the  Weight  or  Force  is  not  parallel  to  any  Leading 

Member  of  the  Frame. 

The  weight  W,  Fig.  295,  is  supported  by  the  slanting  triangular  frame 
abc.  The  vertical  cd  represents  the  weight  By  the  parallelogram  of 
forces,  the  stresses,  tensile  and  compressive,  in  ^i^  and  bc^  proportionalljr 
to  the  weight,  are  ascertained.  Draw  the  vertical  bc\  then  the  tiiangie 
b(fc  represents  the  three  forces  in  equilibrium: — be*  for  the  weight,  and 
be  and  c  e  for  the  thrust  and  the  pull  in  the  respective  members.  This 
triangle  of  forces  is  the  same  as  if  the  members  ce'  and  eb  had,  in  fact,  been 
fixed  to  a  vertical  wall  or  member  be\  as  in  the  bracket.  Fig.  293;  and  it 
is  apparent   that  wherever  the   members  ac  and  be  be  extended  to  or 

attached,  the  stresses  for  a  given  weight 
remain  unaltered.  The  compressive  stress  in 
the  horizontal  member  ab,  is  expressed  by 
the  horizontal  bd. 

The  construction  of  the  parallelogram  may 
be  dispensed  with  by  simply  drawing  the  ver- 
tical be'  forming  up  the  triangle  of  forces  hci. 
The  horizontal  bd^  measures  the  thrust  in  th( 
IT-      ^    tr.       .     T  member  rt^. 

Fig.  206. — ElementaiA'  Truss.  t     .        f        ▼-•  ^    »  -   •  \       e 

Let  a  bey  Fig.  296,  be  a  tnangular  frame 
with  equal  limbs  ca  and  cb  resting  on  supports  at  a  and  ^,  and  loade< 
at  the  apex  by  W.  Complete  the  parallelogram  ce\  then  ce  is  the  wei^l 
cd  is  half  the  weight,  and  ca  and  eb  are  the  compressive  stresses  in  th 
sides.  Again,  the  stresses  ae  and  be  are  resolved  into  the  vertical  prct 
sures  ac'  and  be"  on  the  points  of  support,  each  equal  to  cd^  half  th 
load ;  and  the  horizontal  tensile  stresses  ad  and  bd^  in  the  lower  membe 
equal  and  opposite  to  each  other.  One  of  these,  or  the  half  of  ab^  is  th 
measure  of  the  tension  in  this  member. 

Otherwise,  by  equality  of  moments: — j4  W  x  j^  /=^x  tension  in  ab\  i 
which  //  ( =  ^  W)  is  the  depth  cd,  and  /  is  the  span  ab.  Thence,  %  I- 
ady  is  the  tension  in  a^. 
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Farther,  reducing  the  equation  of  moments, 

tension  in  a^= — ,    (A) 

If,  the  tension  in  the  horizontal  member  ad  is  equal  to  the  product  of  the 
ei^t  by  the  span,  divided  by  4  times  the  rise. 
TTie  horizontal  thrust  at  the  apex  is  evjual  to  the  tension  in  aK 
The  length  of  the  inclined  members  <7i*  and  irl>,  in  terms  of  the  span  and 

le  rise,  =  \/{/4  span)  =  + rise-;  from  which  the  stress  in  these  members 
given. 

Framed  Girders — The  Warren-Girdkr,  Loaded  at  the  Middle. 

Let  two  equilateral  triangles  or  ba)*s,  like  Fig.  296,  be  framed  together  as 
i  Fig.  297,  forming  in  all  three  triangles;  and  loaded  at  the  middle.  Com- 
cte  the  parallelogram  dc\  and  the  weight  measured  by  </<r  is  resolved  into 
le  tensile  stresses  dc  and  dr'.  Each  of  these  is  resolved  into  two  com- 
lessive  stresses: — c'a  and  I'd  to  the  points  of  support,  and  rV  and  r'r' 
{ual  and  opposed  to  each  other.  The  thrusts  at  a  and  d  are  resol>*ed  into 
ic  vertical  components  ac"  and  i^c^  each  equal  to  cJ,  half  the  weight, 
sisted  and  carried  by  the  supports  at  a  and  ^;  and  the  horizontal  com> 
xients  ad'  and  dd",  equal  and  opposite  to  each  other,  and  each  of  them 
cfaibiting  the  tensile  stress  in  the  lower  member  ad. 


F«-*97- 


Fig.  998. 
Framed  Girders — the  Warren-Girder. 


Fig.  999. 


The  compressive  stress  in  the  upper  member  c'c"  is  double  the  tensile 
scB  in  the  lower  member  a  b. 

Sc^ipose  a  girder  of  five  equilateral  triangles,  Fig.  298,  having  three  bays 
dour  and  two  above,  loaded  at  the  central  apex  c.  Complete  the  parallelo- 
anm  rr;  the  weight  ce  is  resolved  into  the  thrusts  ca'  and  cb\  which  arc 
■ohred  into  opposing  tensions  a'b'  and  b'a\  and  tensions  aV  and  b'c", 
Ime  tensions  are  resolved  into  opposing  thrusts  c  c  and  <f  c,  and  thrusts 
a  and  if  b  which  terminate  at  the  points  of  support  a  and  b.  These 
lal  'damsts  are  resolved  into  the  vertical  components  a(f"  and  bc^  each 
pml  to  haJf  the  weight,  and  the  horizontal  tensions  ad'  and  bd".  These 
mzontail  tensions,  which  are  half  the  tension  exerted  in  the  middle  bay, 
e  transmitted  to  the  middle  bay  a'b'^  where  they  balance  each  other, 
be  middle  hay  is  thus  subjected  to  two  tensile  stresses: — the  stress  due  to 
e  ihmst  of  the  weight  on  the  middle  diagonals  cc^  and  cb\  measured  by 
i>%  ihc  lenglh  of  a  bay;  and  the  transmitted  stress  excited  at  the  supports, 
iy  md'  or  bd'',  the  length  of  half  a  bay.     The  total  leiisloTV  oxv  Vkifc 
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middle  bay  is  therefore  measured  by  i  ^  times  the  length  of  a  bay,  and  ^] 
on  each  side  bay  by  half  a  length,  or  a  third  of  the  tension  in  the  middle  b^l 

The  compressive  stress  in  each  of  the  upper  bays  cc\  cc"^  is  measurel^ 
by  the  length  of  a  bay,  and  is  twice  the  stress  in  the  end  lower  bay. 

The  successive  stresses  in  the  lower  and  upper  bays  consecutively,  it  ii 
seen,  increase  uniformly  from  each  end  towards  the  middle,  thus: — 

Tablet  a. 


Bays  in  compression. 

Bays  in  tension, 

Stresses  as  


(fc 

, 

C(f' 

a(i 

a'!/ 

Vb 

I 

2 

3 

2 

I 

At  the  same  time  the  function  of  the  diagonals,  or  braces,  is  to  transmit 
the  incidence  of  the  weight  to  the  supports,  by  compression  and  tensioB 
alternately. 

Invert  this  girder,  as  in  Fig.  299,  and  suspend  the  wd^t  from  the 
inverted  apex  c.  The  stresses  in  the  several  members  are  of  the  same 
intensity,  but  reversed,  thus : — 

Tablet  b. 


Bays  in  compression,. 

Bays  in  tension, 

Stresses  as  


at^ 

c'c 

(iV 

cc" 

Vb 

I 

2 

3 

2 

I 

Let  the  girder.  Fig.  298,  be  doubled  in  length,  to  comprise  six  lower 
bays,  and  five  upper  bays,  as  in  Fig.  300;  and  loaded  at  the  middle.    The 


Fig.  300. — Warren-Girder. 

horizontal  stresses  in  the  flanges  are  accumulated  from  each  end  towards 
the  middle,  where  they  are  a  maximum,  as  in  tablet  c. 

Tablet  c. 


Bays  in  compression, .. 

Bays  in  tension, 

Stresses  as 


aa 
I 


c^c" 


3 


4 


a"d 
5 


6 


dlf' 
5 


4 


b"lf 
3 


2 


Ifb 
I 


Valuation  of  the  horizontal  stress  in  terms  of  tJie  load. — ^The  unit-stress  i, 
in  the  tablet  c,  is  measured  by  a  d\  Fig.  300,  the  horizontal  component  of  the 
oblique  thrust  c^a^  of  which  c^d'  is  the  vertical  component,  or  half  the 
weight.     The  value  of  the  unit-stress  relatively  to  that  of  €^d\  or  half 
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aghty  may  be  measured  by  means  of  a  scale  of  parts.     Or,  trigono- 
ally,  let  the  angle  at  a  be  signified  by  a,  then, — 

c^d*  \ad'  \\  sine  a  :  cosine  a  :  :  ^  W  :  unit-stress;  and 

••    .          ^         » /  nr  cosine  a  /     v 

unit-stress  at  a  =  J4  W — ; (i) 

sme  a 
Warren-girder,  the  angle  a  is  60°;  and 

unit-stress  at  a  =  J^  W i|?§  =  J^  W  x  .577;  or 

.866 

unit-stress  at  a  =  .2885  W  (2) 

ig  that  the  horizonal  unit-stress  in  each  of  the  end  bays  is  equal  to 
nght  at  the  centre  multiplied  by  .2885. 

\  stresses  in  the  other  bays,  above  and  below,  are  in  simple  proportion 
r  numerical  order  from  the  support  at  each  end  towards  the  centre : — 

stress  on  any  bay  =  unit-stress  x  N, (  3  ) 

ch  N  is  the  order-number  of  the  bay.     The  stress  on  the  central  bay 
expressed  by  the  equation, — 

tress  on  the  central  bay  =  unit-stress  x , (4) 

2 

ch  /r  is  the  total  number  of  bays.     Also, 

tress  on  the  middle  pair  of  bays  =  unit-stress  x     ~    (5) 

2 

I  example,  Fig.  300,  the  stress  on  the  central  bay  c'  c"^  by  formula 
(4),  is,— 

2885  Wx  6),  or  (.2885  WxLi±i)  =1.731  W; {a) 

le  stress  in  the  central  pair  of  bays  is, — 

2885  Wx  5),  or  (.2885  WxiizJ)=  1.443  W (^) 

ippears  that  the  stress  at  the  middle  of  the  longer  boom  is  greater 

he  stress  at  the  middle  of  the  shorter  boom  by  one  unit-stress. 

^uatian  by  moments, — The  tension  in  the  central  bay  is  given  by  the 

W  / 
ision  (A),  page  699,  namely  — -j,  in  which  W  is  the  weight,  /  the  span, 

4// 

ays,  and  d  the  depth  =  .866  (sine  a)  proportionally,  the  length  of  a 

jing  I.    The  tension  is,  then, -— ■  =  1.732  W,  as  already  found  {a\ 

4  x  .866 

•,S5  in  the  braces, — The  stress  in  the  braces  is  to  half  the  weight,  as  the 

of  a  brace  is  to  the  depth  of  the  girder,  or  as  radius  to  sine  o,  therefore, — 

I             W 
Stress  in  each  brace  =  J4  W  X -: = — ; (6) 

sme  a     2  sme  a 
Warren-girder,  sine  o  =  .866,  and 

W 

le  stress  in  the  brace  (Warren-girder)  is —r  =  -577  ^^ »— (  7  ) 

2  X  .066 

is  twice  the  unit-stress  in  the  flange. 
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The  Warren-Girder  Loaded  at  an  Intermediate  Point  araa 

THAN  the  Centre. 

In  a  Warren-girder,  Fig.  301,  loaded  at  d^  as  in  an  ordinary  loaded  beam, 
the  weight  on  the  supports  at  a  and  b  are  respectively 


// 


m 


-  Wand^W,    (8) 

in  which  /  is  the  total  number  of  bays  in  the  longest  flange,  and  n  and « 
the  number  of  bays  to  the  left  and  to  the  right  of  the  weight 


Fig.  301. — Warren-Girder,  loaded  at  any  intennediate  point 

Stress  in  the  Braces, — The  stresses  in  the  braces  ^r' and  </r',  which 
immediately  support  the  weight,  are  as  n  and  w,  or  inversely  as  the  lengths 
of  the  two  segments;  and,  adapting  formula  (6), 


n        W 

Stress  in  the  braces  of  the  longer  side  =  -—  x 

/      sme  a 


Do. 


do. 


shorter  do.  =  — -  x  -; 

/      sme  a 


(9) 
(10) 


Sine  a  =  .866,  and  in  this  example  the  stresses  are, 

W 


In  the  longer  side  =     -  x  ___. 

6      .866 


=  .385  w, 


4  W 

In  the  shorter  side  =  -2^  x  — -  -  =  .770  W, 

6      .866 


(0 


transmitted  to  the  supports  a  and  b,  and  there  resolved  into  vertical  and 
horizontal  components. 

Second  Process  for  the  stress  in  the  braces —  Unit-coefficient  ofdiagon4il  stress.— 
The  sum  of  the  stresses  {c)  and  {d)  is  1.155  ^^»  which  bears  to  the  weight 
W  the  ratio  of  the  length  of  a  brace  to  the  depth  of  the  girder;  since 
I.  :  .866  : :  1.155  :  I.  Divide  the  coefficient  1.155  ^X  ^^^  number  of 
diagonals,  2  /  or  12,  and  the  quotient  .09625  is  a  unit-coefficient  per 
diagonal.  Multiply  this  unit-coefficient  by  2  w  and  2  n,  or  the  number  of 
diagonals  in  the  longer  and  the  shorter  sides : 

.09625  X  4  diagonals  =   .385 
.09625  X  8      do.       -   .770 


The  products  are  the  coefficients  {c)  and  {d).  This  process  for  arriving  at 
the  stresses  in  the  diagonals  is  the  simplest  where  a  number  of  calculations 
are  to  be  made  for  one  girder. 
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riumtai  Stress  in  the  Booms. — ^The  unit-stress  at  each  end  of  the  girder, 
ing  formula  (i),  is  as  follows: — 


,^  .  ^'^.xosine  a 

Unit-stress  at  support  a  =  -j-  W- 


Do. 


sine  a 


support  *= 4- wS25I2if 
/        sme  a 


(12) 
(13) 


Fig.  301  the  number  of  bays  m'  and  n'  are  respectively  four  and  two 
0  the  left  and  to  the  right;  together,  six  bays  =  /.     Then, 

2 
Unit-stress  at  support  a  =  -^W  x. 577=. 192  W; 

Do.  support  ^  =  -iWx  .577  =  .385  W; 

6 

e  unit-stress  at  b  is  equal  to  twice  the  unit-stress  at  a. 

stress  in  the  intermediate  bays,  between  each  support  and  the 
,  is  as  before  (formula  3), 

For  the  long  end  ad,  (unit-stress  at  a)  x  N;  (  14  ) 

For  the  short  end  ^ //,  (       do.       at^)xN;  ( ^5  ) 

ch  N  is  the  order-number  of  the  bay,  on  either  side  of  the  weight, 
led  from  the  point  of  support  at  the  same  side, 
successive  stresses  thus  calculated  are  given  in  the  following  tablet/, 
ch  the  unit-stress  at  ^7  is  taken  as  i,  and  that  at  b  is  proportionally 

Tablet /(Fig.  301). 


npression 

sion 

ad 

I 

2 

dd' 
3 

4 

a^'a"' 
5 

tTc' 
6 

d^d 
7 

8 

dlf 
6 

4 

l/b 

2 

orizontal  stresses  j 
•  as \ 

'  ■•^ • J 

:  maximum  stress  is  in  the  bay  d  (f,  over  the  weight,  in  compression, 
tensile  stress  in  the  two  bays  a'"  d  and  d  b\  contiguous  to  the 
:,  are  as  7  and  6  respectively,  and  they  do  not  balance  each  other. 
5  a  matter  of  fact,  there  is  a  balance  of  stress,  and  it  is  completed  by 
ference  of  the  horizontal  components  of  the  stresses  in  the  two  braces 
^,  from  which  the  weight  is  directly  suspended,  being  respectively 
to  the  unit-stresses  for  the  long  and  short  ends.  The  difference  of 
Is  2  -  I  =  I,  or  one  unit-stress  in  the  direction  db\  and  (6-H  i  =)7  is 
tal  stress  in  the  bay  db\  which  balances  the  opposite  stress,  also  7,  in 
y  dd"} 

The  Warren-Girder  Uniformly  Loaded. 

niform  load  on  a  Warren-girder  is,  in  fact,  a  load  equally  divided  and 
d  to  the  apices  of  the  web,  as,  for  example,  in  Fig.  302,  in  which  the 

h,  this  explanation,  it  may  be  said  with  propriety  that  the  sum  of  the  increments  of 
n  the  one  side  of  the  weight  is  equal  to  the  sum  of  the  increments  of  stress  on  the 
de.     But,  abstractly,  it  is  an  erroneous  assumption. 
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shorter  flange,  which  is  uppenaost,  comprises  six  apices,  on  which  the  weidd 
W,  W,  &c.,  are  placed. 

Stress  in  the  Braces. — -The  stress  in  the  braces  caused  by  each  wd^ 
may  be  calculated  separately  in  the  manner  already  explained.    The  uiiil- 


ifotmly  loaded— Longer  Flan^  Undennoti, 


coefl[icient  of  stress  for  one  diagonal  in  12,  as  in  Fig.  30a,  is  i-iSS-^ 
.09625.     The  stresses  caused  by  the  weight  W,  which  is  i  diagonal  from ^ 
and  1 1  diagonals  from  b,  are. 


In  the  brace  1 09625  x 

In  the  braces  2  to  12 09625  x 


do. 


1-058  \V,; 
.096  W,. 


Calculating,  in  the  same  way,  the  stresses  caused  by  the  other  weights, 
the  constituents  of  stress  on  each  diagonal  are  obtained,  the  coefhcienB  of 
which  are  given  in  the  following  table,  No.  249,  in  which  compressive  stiesi 
is  distinguished  as  +,  and  tensile  stress  as  -.  The  resulting  coefficient  rf 
stress  in  each  brace  is  given  in  the  second  last  column: — 

Table  No.  249. — Coefficients  of  Stress  in  the  Braces  of  a  Warrek- 
GiRDER  Uniformly  Loaded,  with  the  Longer  Flange  Unodi- 
MOST.     Fig.  30J. 


of  Oif  Jcr 

3  to  9. 

5'"7. 

7IOS- 

9  to  3. 

mU™i 

hcct.. 

"■r" 

I 

+ 1.058  1 

+  .866 

+  6,1 

4.4»1 

+  .289 

+   .096 

+3.464 

*   .o?6( 

-.866 

-.674 

-.48, 

-.18, 

-   .096 

-2.3.0 

3 

-   .096 

+  .866  1 

+  .674 

+  .289 

+   .096 

+2.310 

-.674 

--lE, 

-.28, 

-   .096 

-   .096 

-.1S9 

+.674 1 

+4!1, 

+  .28, 

+   .096 

+   .096 

+  .JS9 

+.4»i| 

-4B, 

-.289 

-   .096 

7 

-   .096 

-.389 

-.481 

+  .481  1 

+.Z89 

+   .096 

+  0.000 

S 

+  .096 

+  .289 

+  .48. 

+  .6741 

-.289 

-   .096 

+  1.155 

^   .096 

-.289 

-.481 

-.674 

+.289) 

+   .096 

+   .096 

+  .289 

+  .48, 

+  .674 

-   .096 

-   .096 

-.289 

-.48r 

-.674 

+   .096 

-2.310 

4 

" 

*   .096 

+  .=89 

+  .48, 

+  .674 

+  .866 

+  1.058 

+  3-464 

When  the  longer  flange  is  uppermost,  as  in  Fig.  303,  and  the  weights  uc 
applied  to  the  upper  apices,  one  weight  is  suppos^  to  be  divided  into 


FRAMED  WORK. 


705 


of  which  one  half  is  placed  directly  over  each  support,  leaving 
5  weights  supported  by  the  girder.     The  stresses  in  the  braces,  of  which 


Fig.  303. — Warren-Girder,  uniformly  loaded— I X)nger  Flange  Uppcnr.ost. 

there  are  12,  as  in  Fig.  302,  being  calculated  in  terms  of  the  unit-coefficient 
.09625,  the  constituent  and  resulting  stresses  are  given  in  table  No.  250: — 

Table  No.  250. — Coefficients  of  Stress  in  the  Braces  of  a  Warren- 
Girder  Uniformly  Loaded,  with  the  Longer  Flange  Upper- 
most.    Fig.  303. 


W 

W" 

W" 

Wi 

W| 

Resultant 

Units  of 

Ratio. 

2  to  10. 

4to8. 

6  to  6. 

"  4 
8  to  4. 

10  to  2. 

Stress  in 
each  Brace. 

Resultant 
Streu. 

laces. 

in  parts  of 

1 

-.963 

-.770 

-.577 

-.385 

-.193 

-  2.888 

5 

2 

+  .963  i 
+  •'93  5 

+  .770 

+  .577 

+  .385 

+  .193 

-f  2.888 

5 

3 

-.770 

-.577 

-.385 

-.193 

-1.732 

3 

4 

-.193 

+  .770  I 
+  .385  J 

+  .577 

+  .385 

+  .193 

+ 1.732 

3 

5 

+  .193 

-.577 

-.385 

-.193 

-  .577 

1 

6 

-.193 

-.385 
+  .385 

+  .577) 

+  .385 

+  .193 

+  .577 

I 

7 

+  .193 

+  .577) 

-^?^ 

-.193 

+   .577 

I 

8 

-•193 

-.385 

-•577 

+  .385 
+  .770  J 

+  .193 

-  .577 

1 

9 

+  .193 

+  .385 

+  .577 

-.193 

+ 1.732 

3 

10 

-.193 

-.385 

-.577 

-.770 

+  •193} 

+  .963  5 

- 1.732 

3 

II 

+  .193 

+  .385 

+  .577 

+  .770 

-f  2.888 

5 

12 

-.193 

-.385 

-.577 

-.770 

-.963 

-  2.888 

5 

The  unit  of  resultant  stress  in  the  braces  in  these  tables,  Nos.  249  and 
250,  is  taken  as  .577  W,  being  the  stress  caused  in  a  brace  by  a  half-weight 
(formula  (  7  ),  page  701);  and  the  respective  values  of  the  stress  are  ex- 
pressed in  units  of  that  value  in  the  last  column  of  the  tables. 

In  the  girder.  Fig.  302,  having  the  longer  flange  undermost,  the  stress  on 
the  middle  pair  of  braces  is  =  o,  and  on  the  successive  pairs  towards  the 
supports  each  way,  the  stress  increases  in  arithmetical  progression,  thus : — 

On  braces i  ...2&3...4&5...6&7...8&9...10&11...  12 

The  units  of  stress  are  6...     4     ...     2      ...     o     ...     2      ...      4       ...6 

In  the  girder,  Fig.  303,  having  the  longer  flange  uppermost,  the  stress  in 
the  braces  increases  also  in  arithmetical  progression,  but  by  a  different 
distribution,  being  as  i  in  the  two  middle  pairs,  thus : — 

On  braces 1&2...3&4...5&6...7&8...9&10...11&12 

The  units  of  stress  are    5     ...    3     ...     i     ...     i     ...     3       ,..      <j 
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The  maximum  stress  in  the  braces  exists  at  the  extremities,  and  amounts 
to  6  units  in  the  first  girder,  and  5  units  in  the  second;  these  are  the  stresses 
due  to  half  the  load  on  each  girder,  or  6  half-weights  and  5  half-weights 
respectively.  The  stress  in  any  intermediate  brace  is  that  due  to  the  num- 
ber of  half-weights  between  it  and  the  centre  of  the  girder.  Putting  ff 
equal  to  the  number  of  half-weights  between  the  brace  and  the  centre  of 
the  Warren-girder,  1 

Stress  in  a  given  brace  =  .577  x  2  w''  W 

=  i.iSS«-'W'  (16) 

In  its  general  form,  for  any  angle  of  brace,  made  with  the  flange,  the  formuk 
is  a  modification  of  formula  (  6  ),  page  701 : — 

«^  W 

Stress  in  a  given  brace  =  -;^ (17) 

sme  o  ^ 

The  braces  which  meet  at  an  unloaded  apex  are  equally  stressed  ^-<}ne 
by  compression,  the  other  by  tension. 

Stress  in  the  Flanges, — The  flanges  receive  increments  of  stress  at  eadi 
apex,  advancing  from  the  supports  to  the  centre,  where  the  total  stress  is  a 
maximum.  The  increment  of  stress  at  any  apex  is  equal  to  the  horizontal 
component  of  the  resultant  of  the  two  resultant  diagonal  stresses  at  the 
apex. 

Radius  :  cosine  a  :  :  resultant  diagonal  stress  :  horizontal  component, 

and  therefore. 

Horizontal  component  =  diagonal  stress  x  cosine  o; ( 18 ) 

that  is  to  say,  each  unit  of  resultant  diagonal  stress,  or  .577  W,  causes  a  unit 
of  horizontal  stress,  or  .2885  W  (formula  (  2  ),  page  701). 

The  process  of  deducing  the  horizontal  stresses  from  the  diagonal 
stresses,  and  summing  them  up,  is  shown  in  the  following  analyses : — 

Warren-Girder  Uniformly  Loaded — Analysis  of  Stress  in  Flanges. 

Longer  Flange  Undermost^  Fig,  302 — Half  of  Girder. 

1.  No.  of  braces,  and  No.  of  bays,       123456 

2.  Unitsofresultant  stress  in  braces,      -h6       -4       -H4        -2       +2      0 
3, 4.  Resultant  stress  of  braces )       —      64-4     4  +  4     4+2     24-2      2 

at  apices, for —        10         8  6  4         2 

5.  Horizontal      components     of  j 

these,  or  increments  of  hori-  \      —        10  8  6  4* 

zontal  stress  in  bays,  units,.,  j 

6.  Accumulated    increments    of )  o  o         * 

stress  in  bays,  units, f       "        '"^        '^         ^^         ^^       ^o 

7.  Total  horizontal  stress  in  bays,  \        ^  c  -a 

units ..f       ^        ^^       ^4        30        34       36 
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Longer  Flange  Uppermost^  Fig.  303 — Half  of  Girder, 

I.  Na  of  braces,  and  No.  of  bays,       12345  6 

a.  Unitsof  resultant  stress  in  braces,     -5      +5      -3      +3      ~i       -fi 

3,4.  Resultant  stress  of  braces )       —     5  +  5    5  +  3    3  +  3    3+1  i  +  i 

at  slices, /or —       10        8         6         4  2 

5.  Horizontal     components     of 


ionzontal     components     of  \ 
these,  or  increments  of  hori-  >      — 
zontal  stress  in  bays,  units,.,  j 


10        8         6         4 


6.  Accumulated    increments    of  I       82  28         ^o 

stress  in  bays,  units, J  4  3 


7.  Total  horizontal  stress  in  bays, ) 
units, [ 


15       23        29       33        35 


The  resultant  stress  at  the  central  apex,  between  braces  6  and  7,  is,  in 
both  cases,  equal  to  o;  and  therefore  there  is  no  increment  of  horizontal 
stress  at  the  centre. 

TTie  increment  of  horizontal  stress  in  the  central  bay.  No.  6,  is,  in  both 
cases,  equal  to  2  units,  and  the  increments  increase  by  2  units,  from  bay  to 
bay,  up  to  bay  No.  2,  where  the  increment  amounts  to  10  units. 

So  that,  inversely,  the  increments  of  horizontal  stress  in  the  flange  diminish 
in  arithmetical  progression  as  they  approach  the  centre. 

Let  n  =  the  number  of  braces,  or  the  total  number  of  bays,  in  half  the 
girder; 

N  =  the  order-number  of  a  given  bay,  counted  from  the  end  of  the  girder, 
above  and  below; 

W  =  the  weight  on  one  apex,  for  which  the  unit  of  horizontal  stress, 
transmitted  through  one  of  a  pair  of  diagonals,  is  .2885  W; 

The  equations,  for  the  horizontal  stress  in  the  given  bay,  based  upon  the 
forgoing  analysis,  are  as  follows : 

I  St    When  the  longer  flange  is  undermost: — 
Horizontal  stress  in  a  given  bay =.  2885  W'(«+  (N-  i)(2«-N)) (19) 

2d.    When  the  longer  flange  is  uppermost: — 

Horizontal  stress  in  a  given  bay  =  .2885  W'((«-  i)  +  (N-  i)(2;z-N))  (20) 

These  formulas  are  very  easy  of  application.  The  reasoning  by  which 
they  have  been  constructed  by  the  author  is  given  in  the  foot-note.^ 

*  The  increments  of  borizontal  stress,  at  the  several  bays,  line  5,  in  the  **  Analysis  of 
stress,"  are  in  arithmetical  progression,  having  the  common  difference,  2,  originating  at 
the  centre.  The  order-number  of  the  terms  of  the  progression,  counting  from  the  centre, 
is  expressed  by  («  -  (N  -  i) ) ;  and  («  -  (N  -  i) )  x  2,  is  the  value  of  the  increment  in  units. 
For  the  first  increment,  for  example,  in  bay  No.  2,  N  =  2,  and  tt  —  6\  and  the  value  of 
the  increment  is  (6-(2- i))  x2  =  io,  as  given  in  the  analysis.  If  N',  N",  N'",  &c., 
represent  for  the  moment  the  successive  order-numbers  of  the  bays  following  No.  2  bay, 
the  values  of  the  successive  accumulated  increments  of  stress,  line  6,  are  as  follows : — 

In  No.  2  bay,  («  -  (N  -  i) )  x  2 

No.  3   „     (/i-(N-i))  +  («-(N'-i))x2 

No.  4   „     («-(N-i))  +  («-(N'-i))  +  («-(N"-i))x2, 

and  so  on.     The  value  for  each  hay,  putting  N  for  the  order-number  of  the  bay,  and 
coadensing  the  expression,  is — 
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Rolling  Load  on  the  Warren-Girder. 

Concentrated  Rolling  Load  on  the  Warren-Girder, — ^The  stress  caused  in 
successive  diagonals  by  a  passing  weight  is  alternately  tensile  and  com* 
pressive;  and  the  stress  is  a  maximum  when  the  load  is  on  the  apex. 

Distributed  Rolling  Load  on  the  Warren-Girder, — Suppose  that  the  rolling 
load  is  practically  of  uniform  distribution,  as  a  railway  train,  the  stresses  in 
the  diagonals  and  flanges  may  be  tabulated  and  analyzed,  as  exemplified  at 
pages  704  and  705.  If  the  train  extend  over  the  whole  of  the  girder,  the 
case  becomes  one  of  a  girder  uniformly  loaded.  The  stresses  in  partiafly- 
covered  girders  may  be  analyzed  in  like  manner,  and  the  changes  in  direction 
and  intensity  of  stress  determined. 

But  it  is  essential,  at  the  same  time,  that  the  stresses  caused  by  the 
permanent  weight  of  the  bridge  should  be  determined;  since  the  actual 
ultimate  stress  in  any  member  is  the  resultant  of  the  action  of  the  whole  of 
the  load,  both  permanent  and  passing.  The  maximum  stress  in  the  flanges 
takes  place  when  the  passing  load  covers  the  whole  of  the  girder. 

Parallel  Lattice-Girder. 

Latticing  is  the  combination  of  t^vo  or  more  systems  of  triangulation  in  the 
web  of  a  girder,  in  which  the  diagonals  cross  each  other.  The  number  of 
apices  is  proportionally  multiplied,  and  the  length  of  the  bays  is  propor- 
tionally shortened.  The  effect  is  that  the  weight  is  distributed  over  a 
greater  number  of  points  in  the  flange,  the  graduations  of  stress  in  the  flange 
are  reduced,  whilst  also  the  stress  in  the  diagonals  is  proportionally  reduced. 

There  is  a  special  advantage  in  lattic^ 
work,  in  affording  the  means  of  stiffen- 
ing the  braces  by  simple  connections 
at  the  intersections. 

If  the  diagonal  stresses  be  calcul- 
Fig.  304.-Paraiiei  LatUce  Girder.  ^ted,  in  the  first  instancc,  as  for  a 

single  triangular  system,  let  them  be 
divided  by  the  number  of  systems  in  the  lattice ;  the  quotient  is  the  aliquot 
part  of  the  stress,  as  distributed  to  each  diagonal.  The  fundamental 
triangulation  is  shown  by  thick  lines,  Fig.  304;  and  in  this  instance,  where 
only  one  additional  system  is  interpolated,  the  stress  in  the  fundamental 
diagonals  is  reduced  to  a  half  of  what  they  would  sustain  if  they  stood 
alone. 

The  Parallel  Strut-Girder. 

In  the  parallel  strut-girder.  Fig.  305,  having  vertical  and  diagonal  bracing, 
supporting  a  single  weight,  W,  on  the  upper  flange  at  the  centre,  the  vertical 

(;/x2x(N-i))-(Nx2"x(N-l))-f ''*"^^~'?x2x(N-i)  =  (N-l)x(2(>y~N)-|-N) 

2 

To  this  is  to  be  prefixed  the  initial  horizontal  stress  at  bay  No.  I,  which  is  n  units,  or 
6  units,  for  Fig.  302,  and  (//-  i)  units,  or  5  units,  for  Fig.  303.     Thence  the  formulas 

(19)  and  (20)  : — 

Horizontal  stress  in  a  given  bay  =  .2885  \Vi(//  +  (N-i)  (2«-N)), ...  (  19) 

when  the  longer  flange  is  undermost ;  and 

Horizontal  stress  in  a  given  bay =.2885  Wi(«- l)  +  (N- 1)  (2 «-N) ),....  (20) 
when  the  longer  ftange  \s  wpptimo^V. 
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brace  or  strut  cd  receives  and  supports  the  whole  of  the  weight;  and  the 
compressive  stress  is  divided  and  transmitted  by  tension  through  the 
diagonals  d<f  and  d<!'y  according  to  the  parallelogram  of  forces,  of  which 


c     <,/  C 

}  \ 

f    i 

!>4 

\ 

N 

? 

/ 

1 

€U         C 

t'    ] 

I    \ 

y      h 

i 

Figs,  305  and  306. — Paralld  Strut-Girders. 

the  diagonal  de^  equal  to  twice  dc,  the  depth  of  the  girder,  represents  the 
weight  The  depth  dc  represents  half  the  weight,  and  the  tensional  stress 
in  each  of  the  diagonals  d  c'  and  d  c"  is  represented  in  magnitude  and 
direction  by  the  diagonals. 

The  tensions  of  these  diagonals  balance  each  other  horizontally  at  their 
intersection  at  the  lower  flange  at  d,  and  thus  they  do  not  throw  any 
horizontal  stress  on  the  lower  flange. 


Strut-Girder  with  a  Concentrated  Moving  Weight. 

WTien  the  load  moves  over  the  girder,  each  strut  requires  to  be  braced 
by  a  pair  of  diagonals  intersecting  at  the  foot  of  the  strut,  in  the  same  way 
as  the  strut  cd,  under  the  fixed  weight  in  Figs.  305  and  306,  is  braced  by  the 
diagonals  dc  and  dc".  The  result  is  a  system  of  cross-bracing,  or  counter- 
bracing,  by  crossed  ties,  as  in  Fig.  306.  The  extra  braces  at  the  outer  struts 
ac\  be"  (Fig.  305),  are  not  necessary,  but  they  are  introduced  to  complete 
the  design.  The  maximum  stress  is  imposed  on  each  strut  when  the  weight 
passes  over  its  summit. 

If  the  weight  move  on  the  lower  flange,  the  maximum  stress  on'  a  given 
strut  is  imposed  when  the  weight  passes  the  lower  end  of  the  next  strut  on 
the  side  of  the  more  distant  support;  and  the  maximum  stress  on  any  strut, 
by  the  lower  flange,  never  exceeds  half  the  weight.    (Fig.  305.) 

The  tension  in  the  diagonal  d  c'  is  resolved  into  compressive  stress  in 
the  upper  bay  r  ^and  the  strut  c  a\  The  compressive  stress  in  the  strut 
if  a  is  resolved  into  tensile  stress  in  the  lower  bay  a  d  and  the  outer 
diagonal  a'  c"-,  and  lastly,  the  stress  in  the  outer  diagonal  a'  (f"  is  resolved 
into  compressive  stress  in  the  outer  bay  c"  c  and  in  the  strut  c^"  a,  of  which 
the  former  is  transmitted  to  the  middle  bay  c'  c, 

A  similar  action  takes  place  in  the  other  half  of  the  girder,  and  the 
horizontal  stresses  in  one  half  balance  those  in  the  other. 

The  vertical  stress  in  the  lateral  struts  is  obviously,  by  transmission,  equal 
to  }i  W.  That  is,  the  stress  in  the  lateral  struts  is  only  half  the  stress  on 
the  central  strut,  which  supports  the  whole  of  the  weight  The  compressive 
stress  in  the  outermost  struts,  or  half  of  the  weight,  is  received  and  resisted 
by  the  supports  at  a  and  b.  The  outer  bays  of  die  lower  flange,  a  a'  and 
b'  b,  are  not  subjected  to  any  transmitted  stress. 

The  horizontal  stresses  in  the  bays  of  the  upper  and  lower  flanges  are, 
then,  in  the  following  ratios: — 


7IO 
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No.  of  bay i, 

Compressive  stress  in  upper  flange,  as i, 

Tensile  stress  in  lower  flange,  as o, 


2, 
I, 


3f 

2, 

I. 


4 
I 

0 


Trigonometrically,  the  weight  is  supposed  to  be  divided  into  two  halves, 
each  of  which  is  represented  by  the  depth  cd,  and  causes  the  diagonal 
stress  on  either  side.     Then, 

Stress  in  strut  cd  :  stress  in  diagonal  dc^  :  :  sine  a  :  radius  or  i; 

a  being  the  angle  a'  d  c  formed  by  the  diagonal  with  the  lower  flange 

Therefore, 

o^       •         u  J-          1     stress  in  strut     54  W 
Stress  m  each  diagonal  = : =  -4= — ;  or 


Stress  in  each  diagonal  = 


sme  a 
W 


sme  a 


2  sme  a 


(21) 


When  the  distance  apart  of  the  struts  is  equal  to  the  depth  of  the  girder, 
the  angle  a  =  45**,  and  sine  a  =.707;  then, 

W 

Stress  in  every  diagonal  = =  .707  W. 

2X.707 

In  the  upper  flange,  the  stress  caused  by  each  diagonal  being  as  the  half 
weight  dc  to  the  length  of  a  bay  c<fy  or  as  sine  o  to  cosine  a;  then 


Stress  caused  in  each  upper  bay  =  ^  W 


cosme  a 
sine  a 


(«) 


When  the  angle  a  =  45°,  cosine  a  -  sine  o;  and 

Stress  caused  in  each  upper  bay  =  J^  W,  and 
Stress  accumulated  in  middle  upper  bay  -  W. 

In  the  lower  flange,  the  middle  lower  bays  are  in  tension  =  ^  W,  due  to 
the  thrust  of  the  struts  at  d  and  b\ 

If  the  extreme  bays  of  the  lower  flange  be  removed,  and  the  girder  be 
supported  direct  at  the  ends  of  the  upper  flange,  as  in  Fig.  307,  the  stresses 


Fig.  307. — Parallel  Strut-Girder  —Lower  end 
bays  removed. 


Fig.  308.— Parallel  Strut-Girder,  loaded 
at  an  intermediate  poinL 


in  the  structure  remain  unaltered,  since  there  is  no  horizontal  stress  in  the 
extreme  bays  of  the  parallel  girder.  Fig.  305.  It  was  seen  that  the  func- 
tion of  the  end  struts  was  only  to  support  the  girder. 


Strut-Girder  Loaded  at  an  Intermediate  Point,  off  the  Centre. 

The  strut-girder.  Fig.  308,  four  bays  in  length,  is  loaded  at  cd^  one  bay 
from  the  support  by  and  three  bays  from  the  support  a.     Let  /=the  toti 
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somber  of  bays,  and  tn  and  n  =  the  numbers  of  bays  to  the  left  and  to  the 
li^t  of  the  weight  The  loads  on  the  supports  at  a  and  by  as  well  as  the 
compressive  stress  on  the  struts  to  the  right  and  left,  are  respectively — 

-Jw,and^W, (23) 

being  in  the  inverse  ratio  of  the  distances  of  the  weight  from  the  supports; 
or  they  are,  in  the  present  example — 

Stress  in  the  struts  of  the  longer  side ^  W, 

Do.  do.  shorter  side H  W. 

The  stresses  in  the  diagonals  are  in  the  same  proportion,  thus: — 

Stress  in  the  diagonals  of  the  longer  side  =  -r  -: (  a4) 

/  smea  ' 

Do.  do.  shorter  side  = -7- -, (25) 

/  sme  a  \    ^  f 

If  the  angle  a  =  45^  then  sine  a  =  .707,  and  the  stresses  are, 

W 

In  the  diagonals  of  the  longer  side J^  x =  .3535  W, 

.707 

W 
Do.  do.        shorter  side. %  x =  1.0605  W. 

.707 

The  unit  or  increment  of  horizontal  stress  in  the  bays  of  the  upper  and 
birer  flanges  is  as  follows : — 

Unit  of  stress  in  the  bays  of  the  longer  side,    -j^  — ( 26 ) 

Da  do.  shorter  side,  ^W  S5?JP-?  « (,71 

/         sine  a  ^      ' 

When  the  an^e  a  =■  45%  ^^?_*  =  i^  and  the  unit  of  ttresi  is, 

sine  a 

In  the  bays  of  the  longer  side %  W, 

Do.        do.        shorter  side J4  W, 

die  acammlated  stress  in  the  seveia]  bays  is^  by  brmnhL  ($),  page  701, 
For  the  Icmger  side ~W  S?^«  ,  S (  2%  ) 

For  the  shorter  side -j-W  -—. *x  X ,  ^  ttk) 

I        ssne  a  " 

in  which  N  is  the  order-samber  of  the  bay,  'm  tfe«  ^y^  <^f^f  f^  iMm 
side  of  the  wei^tr  reckoned  horn  the  yAat  f4  mt^jft  i^fff  iht  k0mm 
flange,  N  is  the  ordcr-mimbcr  leas  i,  seistii^  ^aA,  ^  u^jf^t  0r%f4Mm4t  0m$ 
k  no  transmitted  horizoDtal  stres  ss  the  V/vtr  \Ay%  ^ittm^  m%%  iti^  inQJijIi 
of  support. 
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The  resultant  stresses  in  the  several  bays  are,  in  the  example,  Fig.  308^  I 
relatively,  as  follows: — 


No.  of  bay i. 

Compressive  stress  in  upper  flange  as i. 

Tensile  stress  in  lower  flange  as o, 


3> 

3i 
2. 


4 

3 

0 


Here  it  is  apparent  that,  whilst  the  resultant  stresses  in  the  bays  3  and  4 
of  the  upper  flange  balance  each  other,  there  is  no  tensile  stress  in  Na  4 
bay  of  the  lower  flange  to  balance  the  stress  in  No.  3.  But  the  balance  is 
supplied  by  the  difference  of  the  horizontal  components  of  the  diagonal 
stresses  which  meet  below  the  weight  at  d. 


Strut-Girder  Uniformly  Loaded. 

The  general  conditions  of  stress  in  the  strut-girder  uniformly  loaded,  as 
in  Fig.  309,  are  similar  to  those  in  the  Warren-girder,  as  elucidated,  page  704. 


Fig.  309.— Strut-Girder  uniformly  loaded. 

Stress  in  the  Struts. — The  stress  is  calculated  by  an  adaptation  of  formula 
(17),  page  706,  in  which  sine  a  becomes  =  i,  seeing  that  the  angle  of  the 
strut  with  the  flange  is  a  right  angle.     The  formula  becomes. 

Stress  in  a  given  strut  =  «^  W,  (30) 

in  which  n''  -  the  number  of  weights  between  the  strut  and  the  centre  of 
the  girder. 

Stress  in  the  Diagonals, — This  stress  is  found  by  formula  (17) — 


Stress  in  a  given  diagonal  = 


sine  a 


(31) 


For  illustration,  the  diagonals  i  and  8  carry  the  seven  weights  W  to  W,  j 
suspended  between  them;  and  each  sustains  half  the  number,  or  3J4  ^^ 

W 

and  the  stress  in  each  is  3^ .     Similarly,  the  diagonals  2  and  7  cany 

sme  a 

the  five  weights  W^  to  Wg  between  them,  each  sustaining  2}^  weights,  or 

W 

2 14  W:  and  the  stress  in  each  is  2  J^  -; .  The  diagonals  3  and  6  carry  the 

sme  a 
weights  W"  W^  W^  between  them,  each  supporting  i  J^  W,  and  the  stress  is 

W 

I  %  -. .    Lastly,  the  diagonals  4  and  5  carry  the  weight  W^  between  them, 


sme  a 


each  supporting  j4  W„  and  the  stress  is  }i 


W 


sme  a 


No  diagonal  stress  is 


transmitted  across  the  centre  of  the  girder:  in  this  respect  the  strut-girder 
differs  from  the  Warreii-^td^i. 
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Stress  in  the  Flanges. — The  stress  in  the  flanges  increases  by  diminishing 
increments  at  each  apex  towards  the  centre,  where  it  is  a  maximum.  The 
increments  consist  of  the  horizontal  components  of  the  diagonal  stresses 
developed  at  each  apex.  The  accumulated  horizontal  stress  in  each  bay 
is  expressed  by  the  following  formulas,  which  have  been  constructed  in  a 
manner  similar  to  that  by  which  formulas  (19)  and  (20)  were  constructed: — 

Let  n  =  the  number  of  bays  in  the  length  of  half  the  girder ; 

N  =  the  order-number  of  a  given  bay,  in  the  upper  or  the  lower  flange, 
a  =  the  angle  between  the  diagonal  and  the  flange, 
W  =  the  weight  on  one  strut,  for  which  the  unit  of  horizontal  stress  in 

the  flange,  transmitted  through  the  next  diagonal,  is  W     }  ^  ". 

sme  (I 

For  the  horizontal  stress  in  a  given  bay: — 

I  St.  In  the  Upper  Flange: — 

Stress  in  a  given  bay  =  W  2?!!R_^.°  N  («  -  -)  ( 32  ) 

sme  a  2 

2d.  In  the  Lo7ver  Flange: — 

Stress  in  a  given  bay  =  W'?5?i^**(N-  i)  x  in-^-ZJ.\     (33) 

sme  a  2 

When  the  distance  apart  of  the  struts  is  equal  to  the  depth  of  the  girder, 
ly/  cosine  o  _  yy/ 
sine  a 

The  gradation  of  stress  in  the  flanges  may  be  given  for  Fig.  309,  con- 
taining 8  bays. 

No.  of  diagonal  and  bays, i  2  3  4 

Increments    of   stress    in    diagonals,  | 

(unit  -    W'  ) V   3J^        2>^        i}i         >^  units. 

sine  a  ; 

Increments  of  stress  in  bays  of  upper  j 

flange  (unit  =  W'S^inif!) ,  3^-  'V^  ^V^         >^  units. 

sme  a  ' 

Accumulated  stress  in  do.  do., 3  j4  6  7  J^  8      units. 

Increments  of  stress  in  bays  of  lower  1  ./          _/          t/      •«. 

flange I }  °  3j4  »>4  i^  units. 

Accumulated  stress  in  do.  do. , o  3  J^  6  7  J^  units. 

Strut-Girder  Traversed  by  a  Load  Uniformly  Distributed. 

The  struts  require  to  be  counter-braced,  and  the  stresses  are  calculated 
as  in  the  immediately  preceding  case. 

Roofs. 

I.  The  weight  of  and  load  upon  a  roof  are  taken  as  uniformly  distri- 
bated  over  the  surface  of  the  roof;  and  the  total  weight  on  each  paur 
of  rafters,  couple,  or  truss,  is  equal  to  the  sum  of  the  weight  of  the  truss 
itself,  and  of  so  much  of  the  roof  as  is  carried  between  two  trusses. 
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In  the  triangular  roof-truss,  abc^  Fig.  310,  the  total  weight,  W,  maybe 
considered  as  localized  at  the  supports  a  and  b^  and  the  ridge  c\  a  fourth 


FigB;  310  and  311. — ^Triangular  R<x^-Tnuset. 

each  at  a  and  b^  and  a  half  at  c.  The  tension  in  a  ^  is  that  due  to  the 
weight,  J4  W,  at  c,  which  is,  by  equation  (A),  page  699,  J4  W/-r4^, io 
which  /  is  the  span,  and  d  the  depth ;  or 


\d 


(34) 


Or  the  tension  in  the  tie-member  ab^  under  a  uniformly  distributed  weight, 
is  equal  to  the  product  of  the  weight  by  the  span,  divided  by  8  times  the  rise. 

The  horizontal  thrust  at  the  ridge  c,  is  ecjual  to  the  tension  in  the  hori- 
zontal tie. 

The  rafters  ca  and  r^  are  subject  to  t>\'0  stresses: — isL  Compressive 
thrust,  as  pillars,  by  the  weight;  the  thrust  is  cumulative,  beginning  as 
nothing  at  the  apex,  and  ending  at  the  maximum  for  the  whole  weight  at  the 

abutments  a  and  ^,  where  it  is  equal  to  (J^  W  x  —  ).    2d.  Transverse  stress 

c  a 

from  the  weight,  y^  W,  uniformly  distributed,  reduced  in  the  ratio  of  the 

slant   height  ac  X.o  the  half-span  ad;  the  moment  of  which  is  equal  to, 

W/ 

4  X  («  c) 

2.  When  the  horizontal  tie  is  applied  at  any  higher  level,  a  b\  Fig.  311, 
the  tension  in  it  is  inversely  as  the  depth  cd,  according  to  the  expression 
( 34 ).  In  addition  to  the  stresses  in  the  rafters,  already  noticed  in  the 
previous  case,  there  are  compressive  and  transverse  stresses  excited  by  the 
pull  of  the  tie  a'^'. 

3.  In  the  A-truss  roof.  Fig.  312,  the  stresses  are  mixed.  Let  the  span  be 
40  feet,  the  rise  10  feet,  and  the  depth  cd  8  feet.     The  rafters  ac  and  be 


Fig.  312. — ^A-Truss  Roof. 

are  22.5  feet  long,  the  struts  F  are  3.33  feet  long,  and  the  tension  bars  C 
and  D  11.75  ^"^^^  \oxig.  The  weight  on  the  couple  is  8  tons,  uniformly 
distributed,  of  which  4  tons  is  supported  on  each  rafter,  say  i  ton  at  a  over 
the  abutment,  2  tons  at  F,  and  i  ton  at  the  ridge  c. 
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The  pressure,  2  tons  on  F,  being  vertical,  is  resolved,  as  indicated  by 
diagram,  into  1.8  tons  stress  on  F,  and  .875  tons  on  A.  The  stress  on  F 
is  resolved  into  3.18  tons  in  C  and  in  D,  tie-rods. 

The  tension  in  E  is  by  formula  (34),  — ^ — ^-^^ =  S  tons;  and  it  is 

0x0  feet 

lesolved  into  4^  tons  in  C,  and  .875  tons  in  F.    This  tension  in  F  is 

resolved  into  1.54  tons  in  C  and  in  D. 

The  total  stresses  in  the  three  tension-rods  C,  D,  and  E  are,  then,  as 

follows: — 

Totals. 

In  C,  stress  through  F  by  direct  weight  of  roof,..  3.18  tons. 

stress  by  tensile  force  of  E, 4.75     „ 

stress  from  F  by  do.  do., 1.54    „      9.47  tons. 

In  D,  stress  through  F  by  direct  weight  of  roof,..  3.18    „ 

stress  from  F  by  tensile  force  of  E, 1.54    „      4.72     „ 

In  E,  stress, 5.00    „ 

So  much  by  way  of  analysis.  But  Mr.  Stoney  shows  a  method  of  deducing 
the  stresses,  by  starting  from  the  stress  on  the  abutment  and  working  thence 
towards  the  centre.  Referring  to  Fig.  312,  and  adopting  the  same  data  as 
above,  the  reaction  of  the  left  abutment  is  4  tons,  of  which  i  ton  is  directly 
balanced  by  the  weight  W  concentrated  there,  leaving  3  tons  to  be  resolved 
m  the  directions  of  A  and  C,  into  10.35  ^^^s  and  9.47  tons  respectively. 
The  pressure  of  W^,  2  tons,  is  resolved  into  1.8  tons  on  F  and  .875  tons 
on  A;  and  (10.35  -  .875  =  )  9.475  ^^^^  ^s  the  thrust  in  B.  At  a,  the  stresses 
in  C  and  F,  which  are  known,  are  resolved  by  the  intermediate  substitution 
of  their  resultant  into  the  stress  4.72  tons  in  D,  and  5  tons  in  E. 

4.  In  Fig.  313,  the  middles  of  the  rafters  are  strutted  by  struts  c' d  and 
c'd,  meeting  at  5  in  the  horizontal  tie-bar,  and  tied  to  the  ridge  by  the  ver- 
tical rod  c^.  The  weight  of  the  roof  is  localized  at  a,  c',  r,  r^,  and  ^,  in 
the  proportions  >^  W,  ^  W,  ^  W,  i^  W, 
and  }i  W.  In  the  truss  ac'if^  the  weight 
on  c'  is  equally  sustained  by  the  limbs  c'  a 
and  c'  d,  }i  W  being  borne  by  the  abut- 
ment, and  }i  W  being  transmitted  through 
the  tie-rod  cd  to  the  ridge  c.  As  yi  W  is 
also  transmitted  from  ^^,  in  the  right  hand  -..„ .  t>„...  «_, 

.  '  •i'/,y  J?ig.  313.— A-lruss  Koof. 

rafter,  the  total  weight  at  the  ndge  is  (J4  + 

^  +  j^)  W=  J^  W.  This  is  just  what  the  ridge  would  have  borne,  without 
the  intervention  of  the  struts;  and  the  function  of  the  struts  is  chiefly  to 
assist  the  rafters  in  resisting  transverse  stress.  The  pull  in  the  vertical 
tie-rod  r// is  (>^  4- ^  =  )  ^  W. 

To  find  the  stresses  in  the  rafters  and  the  horizontal  member  a  If,  Dr. 
Rankine  distinguishes  the  main  truss  acd  and  the  secondary  trusses  ac'  d 
and  dc^  b.  The  tension  inab  is  the  sum  of  the  tensions  due  to  the  first 
and  second  trusses ;  the  thrust  in  a  c\  hkewise,  is  the  sum  of  the  thrusts, 
and  that  inc'  c]s  the  thrust  of  the  first  truss  only.     Suppose  the  span  /=  20 
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feet,  and  the  rise  ti  =  7}^  feet;  the  pull  in  <j  ^  by  the  first  truss  is  by fonrmla 
(A),  ^-^=  }i  W;  and  by  the  second  truss,  j<^^  ?^^^./ w.    Tie 

sum  of  these  pulls  is  (^  +  Ve  = )  /^  ^1  the  resultant  tension  in  a  ^  or  adl 
The  thrust  in  ^z  r  by  the  first  truss,  is  to  the  relative  tension  'ma(i,9s§c 

to  a d.    The  length  oi  ac  =  a/(« ^)*  +  {cd)*  =  12.5  feet, and  the thrusti^ 

1 2  c 
^  W  X  —V  =  .417  w.     In  the  second  truss,  the  thrust  in  <z  ^'  is  the  same 
10 

fraction  of  the  tension  in  a  d,  due  to  the  truss :  or  it  is  Ve  W  x  — '-<  = 

10 

.242  W.    The  sum  of  the  first  and  second  thrusts,  or  .658  W,  is  the  resultant 

thrust  in  a  c'. 

The  value  of  the  thrust  in  a  r,  by  the  first  truss,  may  be  found  in  tenns 

of  the  relative  tensions  mad  and  c  d;  for  it  is  equal  to 

a/ tension  in  (dr ^) '  + tension  in  (cdy=  a/(^)"+ (j^)' =  .417;  as  has 

already  been  found. 

5.  In  Fig.  314,  each  rafter  is  divided  into  three  equal  parts,  which  are 
supported  by  two  struts,  c'  d  and  c'"  d'  for  the  left-hand  rafter,  and  c^d'' 
and  c"  d  for  the  right-hand  rafter;  suspended  by  vertical  rods  c' d\  r//,  and 
c"  d"]  united  by  the  main  tie-rod  a  b.  The  total  weight  W,  uniformly  distri- 
buted, is  localized  at  a  c'"  c*  c  c"  c^  b 
in  the  proportions,  Vi.  W,    75  W,    Ve  W,    7^  W,    '/e  W,    Ve  W,   V"^V. 


Fig.  314. — ^Trussed  Roof. 

Three  trusses  are  recognized  here:  the  first  truss  acb^  the  second  a  c  d,  and 
the  third  ac'" d'.  Half  the  stress  at  c"\  the  summit  of  the  isosceles  or  third 
truss,  is  transmitted  by  the  vertical  rod  c'  d'  to  c\  where  the  stress  is  increased 

to  (  Ve  +  V"  = )  /i  ^^-  '^^^^  ^^^^  ^s  transmitted  to  a  and  d'  at  the  bas( 
of  the  truss,  in  the  inverse  ratio  of  the  segments  a  d'  and  d'  d ;  that  is,  twc 
thirds,  or  ( 14^  X  2^  = )  ^/g  W,  is  transmitted  through  the  strut  c  d  and  rod  cd 
to  c.  An  equal  quantity,  ^6  W,  is  transmitted  from  the  right-hand  rafter,  anc 
the  sum  73  ^  added  to  '/e  W,  makes  y^  W,  the  resultant  load  at  the  ridge 
Suppose  the  span  /=  60  feet  and  the  rise  d  =  1$  feet,  the  pull  in  <7  ^  or  a  ^ 

due  to  the  first  truss,  is  by  formula  (A),^^  =  ^4  W;  by  the  second  truss 
the  pull  is  V9  ths  of  what  it  would  be  if  the  truss  were  isosceles,  or  it  i 

4  X  2.3  ^  "^      24  //  4  X   7 3  ^/ 

—  =  ^U  ^V.     The  sum  of  the  three  pulls,  or  (J^  -h  '/g  +  'A  =)  **/a4  W 
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s  the  resultant  stress  in  a  d*  and  d"  b-;  and  the  sum  of  the  first  and  second 
poDs  is  the  resultant  stress  in  d'  d'^  or  ^  W. 

The  pull  in  the  main  tie-rod  a  b,  due  to  the  second  strut,  was  said  to  be 
•/jths  of  what  it  would  have  been  for  an  isosceles  truss.  In  general 
temis,  the  fiaction  of  what  it  would  be  for  an  isosceles  truss  of  the  same 
kight  and  length  is  the  ratio  of  the  product  of  the  segments  into  which  the 
ti^rod  or  base  of  the  truss  is  divided  by  the  vertical  rod  from  its  apex, 
to  the  square  of  half  the  base.  In  this  instance  the  base  is  divided  into  ^ 
and  V3  >  and  V3  ^  V3  =  ^U  )  ^^so  }i  >^  }4  =  /i  or  ^/s ;  and  the  ratio  of 
V,  to  Vs  is  8  to  9,  or  %  ths.* 

The  thrusts  in  the  raJfters  may  be  found  by  the  method  already  applied, 
in  the  previous  case ;  and  the  same  general  process  is  applicable  to  roofs 
of  more  extensive  construction.  Professor  Rankine  gives  general  equations, 
for  the  stresses  in  roofs  of  the  strut-and-rod  class.  Fig.  314;  and  Mr.  Stoney 
shows  how  the  stresses  may  be  found  in  employing  the  parallelogram  of 
forces,  from  the  pressure  on  an  abutment.^ 

By  the  application  of  the  principle  of  the  parallelogram  of  forces,  the 
stresses  in  crescent  and  other  forms  of  girders  and  roofs  may  be  determined. 


*  See  page  508,  at  top. 

'  Civii  Eftginetrin^j  page  472.     T/u  Theory  of  Strains  ^  page  159. 
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UNITS   OF  WORK  OR  LABOUR. 

The  fundamental  units  of  work — the  foot-pound  and  the  kilogrammetie— 
have  been  defined  at  page  312;  and  their  relations  with  those  of  hoIS^ 
power  have  been  stated  at  page  158. 

Horse-power, — Horse-power  is  a  measure  of  the  rate  at  which  work  is 
performed.  One  horse-power  is  the  expression  of  33,000  foot-pounds  of 
work  done  per  minute,  or  550  foot-pounds  of  work  done  per  second.  It 
is  nearly  identical  with  the  French  horse-power  {cheval-vapeur^  or  chmt\^ 
which  is  equal  to  75  kilogrammetres  of  work  done  per  second.  As  a  Idlo- 
grammetre  is  equal  to  7.233  foot-pounds,  the  ^^  chevcU^'  is  equal  to  (75  x 
7.233  =  )  542.5  foot-pounds  of  work  per  second,  which  is  1,37  per  cent 
less  than  the  English  measure  of  a  horse-power. 

Mechanical  equivalent  of  heat, — The  values  of  the  mechanical  equivalent 
of  heat  in  English  and  in  French  measures  are  defined  at  page  332,  and 
their  relations  are  stated  at  page  159.  An  English  unit  of  heat  is  the 
quantity  which  is  required  to  raise  the  temperature  of  water  at  or  near 
39.1°  F.,  the  temperature  of  its  maximum  density,  through  1°  F.;  and  its 
mechanical  value  or  equivalent  is  equal  to  772  foot-pounds.  One  horse- 
power is  therefore  equivalent  to  (33,000-^772  =  )  42^  heat-units  per 
minute. 

A  French  unit  of  heat  is  equal  to  that  which  is  required  to  raise  the 
temperature  of  i  kilogramme  of  water  through  i°C. ;  and  its  mechanical 
equivalent  is  424  kilogrammetres  =  3063.5  foot-pounds. 

Labour  of  Men. 

Mr.  Smeaton  concluded  that  the  power  of  an  ordinary  labourer  at  ordi- 
nary work  was  equivalent  generally  to  work  done  at  the  rate  of  3762  foot- 
pounds per  minute.  But,  according  to  a  particular  estimate  made  by  him 
for  pumping  up  water  4  feet  high,  by  good  English  labourers,  their  power 
was  equivalent  to  3904  foot-pounds  of  work  per  minute;  and  this  he 
estimated  as  twice  that  of  ordinary  persons  "  promiscuously  picked  up." 

Mr.  John  Walker  found  that  the  force  exerted  by  an  ordinary  labourer  in 
raising  weights  for  driving  piles,  average  daily  work,  was  12  lbs.  In 
working  daily  at  a  winch  or  a  crane-handle,  the  average  force  was  14  lbs. 
moving  at  the  rate  of  220  feet  per  minute,  equivalent  to  (14  x  220  =  )  3080 
foot-pounds  per  minute. 

Mr.  Glynn  says  that  a  man  may  exert  a  force  of  25  lbs.  at  the  handle  of 
a  crane  for  short  periods ;  but  that,  for  continuous  work,  a  force  of  1 5  lbs.  is 
all  that  should  be  assumed,  moving  through  220  feet  per  minute.  The 
power  of  a  man  would  thence  be  (^1$  *<  220  =\  '^'V^o  (oot-^Quuds  ^er  minute. 
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Mr.  G.  B.  Bruce  states  that,  in  average  work  at  a  pile-driver,  a  lahounr 
exerts  a  force  of  16  lbs.,  plus  the  resistance  of  the  gearing,  at  a  velocity  of 
270  feet  per  minute,  for  10  hours  a  day,  making  one  blow  every  four  minutes. 
The  power  is  (i6  x  270  = )  4320  foot-pounds  per  minute. 

Mr.  Joshua  Field,  in  1826,  tested  the  performances  of  men  at  a  crane 
of  rough  construction,  in  ordinary  use.  The  barrel  was  1 1 J^  inches  in 
diameter  to  the  centre  of  the  chain;  and  the  driving -gearing  consisted  of 
two  pinions  and  two  wheels,  geared  successively,  with  an  18-inch  handle. 
The  ratio  of  the  power  to  the  weight  was  i  to  105.  The  loads  were  thus 
so  proportioned  as  to  be  reduced  successively  to  from  10  to  35  lbs.  at  the 
handle ;  fnctional  resistance  being  additional.  The  load  was  raised  through 
a  height  of  16^  feet  in  each  experiment.     The  results  were  as  follows: — 

Table  No.  251. — Power  of  Men  at  a  Crane. 


I 

2 

3 

4 

I 

7 
8 

9 
10 

II 


Statical 
Resist- 
ance of 
the  Load 
at  the 
Handle. 

Load 
Raised. 

lbs. 

lbs. 

10 

1050 

15 

1575 

20 

2100 

25 

2625 

30 

35 

3150 
3675 

w 

n 

» 

n 

n 

n 

» 

n 

n 

n 

minutes^ 

1.5 
2.25 

2.0 

2.5 

2.5 
2.2 

2.5 
2.83 

30 
4.05 


Equiva- 
lent ^ 
Power  in 
Foot- 
pounds 

per 
Minute. 

fL-lbs. 

11,550 

11,505 

17,325 

17,329 
20,790 

27,562 

24,255 
21,427 
20y2I2 

15,134 


Remarks. 


Easily  done  by  a  stout  Englishman. 
Tolerably  easily  by  the  same  man. 
Not  easily  by  a  sturdy  Irishman. 
With  difficulty  by  a  stout  Englishman. 

Do.  by  a  London  man. 

With  the  utmost  difficulty  by  a  tall  Irishman. 
Do.  do.  bya  London  man. 

W'ith  extreme  labour  by  a  tall  Irishman. 
With  very  great  exertion  by  a  sturd  v  I  n«hman. 
With  the  utmost  exertion  by  a  WcUhman. 
Given  up  at  this  time  by  an  Irishman, 


Mr.  Field  states  that  No.  4  gave  a  near  approximation  to  the  maximum 
power  of  a  man  for  25^  minutes.  In  all  the  succeeding  triaU,  the  men  were 
so  much  exhausted  as  to  be  unable  to  let  down  the  load. 

It  would  appear  from  this  table  that  the  maximum  net  \jr^nuTe  at  the 
handle  for  constant  working  would  not  exceed  1 5  ItiS .,  cxi:\u%ive  of  frictional 
resistance.  The  loads  were  only  from  ]/2  to  1%  Um%^ — much  below  thitj 
capacity  of  the  crane;  and  the  fractional  reskuiujt  wan;  dii»pr<^>Oftionally 
great  for  the  work  of  one  maiL  The  author  has  ffjuwl  that  %\um  crztu^ 
were  worked  up  to  their  capacity,  the  men  could  with^MX  fhffuMhy  exert  a  net 
pressure  of  30  lbs.  at  the  haixile.  exchi»ve  of  (n^xi/maH  rtn^imu/:^  for  a 
short  time.  In  one  instance,  he  observed  that  a  \'^  kironi^  tnaji  raifte^l 
23  cwt.  by  a  30  cwt  crane,  whes  he  exerted  a  net  for/^r  f/f  i<yj  Jl>«,  ai  the 
handle.  An  ordinary  man  at  the  ^aasit  crane,  raived  14  (mX,  with  difficulty^ 
with  a  net  force  of  56  Vb^  at  the  hanck;  and  the  %an)e  Uisi^  fai«<td  wUtKMli 
difficulty  10  cwtf  widi  a  force  of  40  Ib^  at  the  handle^ 

A  man  can  exert  00  the  bandk  of  a  vcrew  jack^  <j(  ^y  a  iruh^  ndf«f# 
a  net  force  of  20  Ibsu,  witboot  dzfBcuJtj. 

From  the  foregoing  data,  it  ap}>«r»  titat  ^Mt  vf^t^^  n^rl  A^iSy  w^  ^ 
an  oidinazy  laboorer  at  a  yaxa^  a  vinoi2«  or  a  ';rane^  mMf  W  iiAuan  M 
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3300  foot-pounds  per  minute;  and,  allowing  one-third  more  for  the  fricdonal 
resistance  of  the  machine  or  apparatus,  the  total  work  done  would  be  at 
the  rate  of  4400  foot-pounds  per  minute. 

It  may  be  added  that,  taken  generally,  well-fed  English  labourers  can 
turn  a  crank  by  hand,  at  the  rate  of  from  25  to  30  turns  per  minute,  for  a 
continuance,  exerting  a  pressure  of  20  lbs.  at  the  handle;  or  they  can  apply 
a  pressure  of  28  or  30  lbs.  for  a  short  time,  or  from  50  to  56  lbs.  at  an 
emergency. 

M.  Comet's  estimate  of  the  work  of  a  labourer  in  France,  turning  a 
crank,  amounts  to  6  kilogrammetres  per  second,  equivalent  to  2604  foot- 
pounds per  minute,  for  8  hours  a  day  above  ground,  or  6  hours  a  day  in  a 
mine.     This,  it  is  presumed,  is  the  net  work. 

Labour  of  Horses. 

According  to  Messrs.  Boulton  &  Watfs  estimate  of  the  power  of  a  dray- 
horse,  it  could  do  work  equivalent  to  33,000  foot-pounds  per  minute,  for 
8  hours  a  day. 

Tredgold  estimated  the  work  of  a  horse  at  27,000  foot-pounds  per 
minute,  for  8  hours  a  day. 

Simms  tested  the  labour  of  horses  in  raising  water : — 

23,412  foot-pounds  per  minute,  for  8  hours  a  day. 
241360        „  „  6       „       „ 

27J056         »'  »»  4/^  »       „ 

32j943         >'  ''  3       »       » 

He  preferred  the  performances  for  6  hours  and  3  hours  a  day,  as  they  were 
unobjectionable  to  the  health  and  durance  of  the  horses. 

Ronnie  found  that  a  horse  weighing  1 1  cwts.  could  draw  a  canal  boat  at 
a  speed  of  23^  miles  per  hour,  with  a  pull  of  108  lbs.,  over  a  distance  of 
20  miles  per  day.  This  performance  is  equivalent  to  a  work  of  23,760  foot- 
pounds per  minute.  He  estimated  that  the  average  work  of  horses,  strong 
and  weak,  is  at  the  rate  of  22,000  foot-pounds  per  minute. 

Mr.  Beard  more  found  that  a  horse  eight  years  old,  weighing  loj^  cwts., 
performed  39,320  foot-pounds  of  work  ])er  minute,  for  8  hours  a  day. 

It  is  inferred  from  the  foregoing  data,  that  the  maximum  work  done  by  an 
average  horse,  per  day  of  8  hours,  is  at  the  rate  of  25,000  foot-pounds  per 
minute.  At  the  same  time,  it  appears  from  the  results  of  trials  at  Bedford, 
to  be  noticed  subsequently,  that  the  average  work  of  a  horse  is  20,000  foot- 
pounds per  minute.     See  page  963. 

Good  horses  can  draw  a  load  of  1  ton  at  the  rate  of  2  J4  miles  per  hour, 
during  from  10  to  12  hours. 

Mr.  A.  Wilson  found  that,  in  India,  a  pair  of  well-fed  bullocks  raised 
82  bags  of  water  22  feet  high  in  i  hour,  for  a  morning's  work  of  4^  horns. 
Each  bag  contained  4^  cubic  feet  of  water,  and  the  work  was  equivalent 
to  8000  foot-pounds  per  minute. 

Work  of  Animals  in  Carrying  Loads.^ 

Men — Carrying  by  Hand. — Labourers  wheeling  millstone  in  barrows,  on 
the  quays  of  Paris,  a  distance  of  22  to  27  yards,  making  25  to  30  trips  per 

*  Data  derived  from  Les  Moyens  de  Transport^  by  M.  Alfred  Evrard,  1872,  vol  I 
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hour;  the  daily  work  performed  is  equivalent  to  the  carriage  of  from  330  to 
400  lbs.  I  mile. 

The  following  are  other  cases  of  daily  labour,  showing  the  useful  weight 
earned  i  mile: — 

In  Belgium,  working  in  couples,  one  man  carries  560  lbs.  i  mile. 

At  Port  Royal,  loading  pig-iron,  one  man  carries  160  lbs.  i  mile. 

At  Paris,  loading  sugar-loafs,  86  lbs. 

Men — Carrying  on  the  Back. — Carrying  tiles  or  bricks,  net  load  106  lbs.: 
da/s  work  600  lbs.  carried  i  mile. 

Carrying  coal  in  mines,  net  load  90  to  100  lbs.;  day's  work  344  lbs. 
I  mile.  Another  case,  net  load  100  to  130  lbs.;  day's  work  340  lbs. 
I  mile. 

Loading  coke  into  waggons,  net  load  100  lbs. ;  day's  work  270  lbs. 
I  mile. 

Discharging  coke  on  the  ground,  net  load  100  lbs.;  day's  work  330  lbs. 
I  mile. 

Discharging  coal  on  the  ground.  Port  Royal;  net  load  106  lbs.;  day's 
ivork  370  lbs.  I  mile. 

Discharging  coal  on  the  ground,  Paris;  net  load  no  lbs.;  day's  work 
560  to  960  lbs.  I  mile. 

Charging  small  coal  into  boats,  Rive-de-Gier;  190  lbs.  net  load;  day's 
work  1230  lbs.  I  mile. 

On  the  back  of  a  Horse. — The  load  carried  by  a  horse  on  its  back  varies 
generally  from  220  to  390  lbs.,  about  27)^  per  cent,  of  the  weight  of  the 
animal. 

Carrying  a  man  of  176  lbs.  weight,  at  about  3j4  miles  per  hour;  day's 
work  4400  lbs.  I  mile. 

Carrying  a  load  of  260  lbs.  for  10  hours  at  2^  miles  per  hour,  6540  lbs. 
I  mile. 

Trotting  with  a  man  of  176  lbs.  weight,  at  5  miles  per  hour,  for  7  hours; 
da/s  work,  6100  lbs.  i  mile. 

On  the  back  of  a  Mule. — At  Buenos  Ajrres;  net  load,  170  to  220  lbs.; 
day's  work  6400  lbs.  i  mile. 

In  Spain,  net  load  400  lbs.  at  2.9  miles  per  hour;  day's  work  5300  lbs. 
I  mile. 

In  France,  net  load  330  lbs.  at  2  miles  per  hour;  day's  work  5000  lbs. 
I  mile. 

On  the  back  of  an  Ass, — Load  176  lbs.,  carried  19  miles;  day's  work 
3300  lbs.  I  mile. 

The  asses  in  Syria  can  carry  from  450  to  550  lbs.  of  grain. 

On  the  back  of  a  Camel. — Load  550  lbs.  carried  30  miles  per  day  for 
4  days,  resting  on  the  5th  day.  For  4  days,  day's  work  16,500  lbs.  i  mile. 
For  5  days,  13,000  lbs.  i  mile. 

The  ordinary  load  for  a  dromedary  is  770  lbs. 

On  the  back  of  a  Lama. — Load  no  lbs.;  day's  work  2000  to  3000  lbs. 
I  mile. 
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The  friction  between  surfaces  pressed  together,  whether  flat  or  round,  of 
which  one  is  moved  on  the  other,  is  said  to  be  in  the  direct  ratio  of  the 
pressure,  and  to  be  independent  of  the  velocity,  and  of  the  area  of  the 
surfaces  pressed  together,  up  to  what  may  be  called  the  elastic  limit,  or  the 

Table  No.  252. — Friction  of  Journals  in  their  Bearings. 

Diameters  from  2  to  4  inches.     Speeds  varied  as  i  to  4.     Pressures  up  to  2  tons  neariy. 

(Reduced  from  M.  Morin's  data. ) 


Description  of  Surfaces  in  Contact. 


Journals. 


Bearings. 


Cast  iron  on  cast  iron. 


Cast  iron  on  gun  metal. 


Cast  iron  on  lignum  vitae 


Wrought  iron  on  cast  iron 

Wrought  iron  on  gun  metal 

Wrought  iron  on  lignum  ) 
vitae ) 

Gun  metal  on  gun  metal... 

Lignum  vitae  on  cast  iron 

Lignum  vitae  on  lignum  ) 
vitae ; ( 


Lubricant. 


'  Lard,  olive  oil,  or  tallow 

The   same  lubricants,  ) 
and  wetted J 

Asphalte 

Surfaces  unctuous 

Unctuous  and  wetted... 

Lard,  olive  oil,  or  tallow 

Surfaces  unctuous 

Unctuous  and  wetted ... 

Slightly  unctuous 

^Wood  slightly  unctuous 

Oil,  or  lard 

Unctuous 

Unctuous,  with  mixture  ) 
of  lard  and  plumbago  ) 
Olive  oil,  tallow,  or  lard... 

Olive  oil,  tallow,  or  lard 

Grease 

Unctuous  and  wetted.... 

Slightly  unctuous 

Oil,  or  lard 

Unctuous 

(Oil 

(  Lard 

I  Lard 

(  Unctuous 

Lard 


Coefficient  of  Fridioa. 


Ordinary 
Lubrication. 


pressure=x 

.07  to  .08 

.08 

.054 

.14 
.14 

.07  to  .08 

.16 
.16 

.18 


.10 
•14 

.07  to  .08 

.07  to  .08 

.09 

•19 
•25 

.II 

•19 

.10 
.09 

.12 


Contiiroou 
Lubncanon. 


pressure=i. 

.03  to  .054 


.03  to  .054 


.09 


.03  to  .054 
.03  to  .054 


.07 
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nit  beyond  which  abrasion  takes  place.  Friction  is  of  two  kinds : — sliding 
r  nibbing,  and  rolling;  and  the  frictional  resistance  to  the  commencement 
'  motion,  after  two  bodies  have  rested  sometime  in  contact,  is  greater  than 
le  fiiction  between  bodies  of  which  one  is  already  in  motion  upon  the 
her. 

M.  Morin*s  experiments  afitbrd  the  principal  available  data  for  use. 
bough  the  constancy  of  friction  holds  good  for  velocities  not  exceeding 
5  or  16  feet  per  second;  yet,  for  greater  velocities,  the  resistance  of  friction 
>pear5,  from  the  experiments  of  M.  Poir^e,  in  1851,  to  be  diminished  in 
tine  proportion  as  the  velocity  is  increased. 


Table  No.  253. — Friction: — Results  of  Experiments. 

(Reduced  from  M.  Morin's  data.) 


Descriptioa  of  Surfaces  in  Contact. 


Oak  on  oak 

Do 

Do 

Do 

Different  woods  on  oak 

Wrought  iron  on  oak 

Do.  do 

Do.  do 

Cast  iron  on  oak 

Do.  do 

Do.  do 

Brass  on  oak 

Wrought  iron  on  elm 

Cast  iron  on  elm 

Leather  on  oak 

Do.        do 

Leather  belt  on  oak  (flat) 

Do.  on  oak  pulley 

Leather  on  cast  iron  &  on  bronze 

Do.  do.  do. 

Do.  do.  do. 

Do.          do.           do. 
Wrought  iron  on  cast  iron 

Do.  on  bronze 

Cast  iron  on  cast  iron 

Do.     on  bronze 

Bronze  on  bronze 

Do.  on  cast  iron 

Do.  on  wrought  iron 

Oak,  elm,  yoke  elm,  cast  iron,  ) 
wrought  iron,  steel,  and  ( 
bronze,  sliding  on  each  ( 
other,  or  on  themselves ) 


Disposition  of 
Fibres. 


parallel 


M 


perpendicular 

on  end,  on  side 

parallel 


» 
J9 


perpendicular 


State  of  the  Surfaces. 


dry 

soaped 

dry 

wetted 
soaped 

dry 
wetted 
soaped 

dry 

»> 

wetted 

dry 


n 

wetted 


unctuous  and  wet 

oiled 
slightly  unctuous 

dry 

slightly  unctuous 
'lubricated  in 
the    ordinary 
way  ,with  lard, 
tallow,  oil,  &c.^ 
continuously  ) 
lubricated     j 
^  slightly  unct'ous 


Coefficient  of 
Friction. 


pressure=i. 
.48 
.16 

.36  to  .40 

.62 
.26 
.21 

49 
.22 

.19 
.62 

.25 
.20 

.30  to  .35 

.29 
.27 

.47 

(after  resting 
in  contact.) 

.56 
.36 
.23 

.18 
.18 

.20 
.22 
.16 


.07  to  .08 

.05 
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It  appears  from  the  table  No.  252  that  the  frictional  resistance  of  metal 
journals  revolving  in  metal  bearings  is  uniform  for  all  metals,  with  one 
exception;  and  that  the  resistance,  with  continuous  lubrication,  is  onlj 
56  per  cent  of  the  resistance  with  ordinary  lubrication: — 


Lubricatioa 


CocfDCicnt. 


iron.")     ordmary    / -o?  to  .08,  or '/^  »«> ' 
metal..../  ^     \        mean  .075,  or '/, 


/ 


la-s 


Journal.  Bkasinc. 

Cast  iron  in  cast 

Cast  iron  in  gun  «<«x,m»«....  #  ^         u^^^oju  .w/^,  vr*   /X3.3 

Wrought  iron  in  cast  iron  \  continuous  [  ''^  ^  ''^^  °^  '/^s  t?  •/*, 
Wrought  iron  m  gun  metal  /  (  mean  .042,  or  7,4 

Gun  metal  in  gun  metal;  ordinary,  .10,  or  '/xoth. 


Additional  data  derived  from  the  friction  of  mill-shafting,  are  given  under 
Shafting. 

Friction  on  Rails. 

M.  Poir^*s  experiments  on  the  Paris  and  Lyons  railway  were  made  with 
a  waggon,  presumably  having  four  wheels,  of  which  the  brake  was  screwed 
up,  so  that  the  wheels  were  skidded.  The  resistance  to  traction,  or  the 
friction  on  the  rails,  at  various  velocities,  was  as  follows : — 


Table  No.  254. — Sledging  Friction  of  a  Waggon  on  Rails. 

M.  Poiree's  Coefficients. 


Empty  Waggon,  3.40  tons. 
Velocity  of  Waggon. 


feet  per  second. 

13  to  20 
20  to  26 
26  to  33 
33  to  46 
46  to  60 
60  to  72 


miles  per  hour. 

9  to  14 
14  to  18 
18  to  22 
22  to  30 
30  to  40 
40  to  50 


Statb  of  thb  Rails. 


Dry. 


weight=i. 
.208 

•179 
.167 

.144 


Very  Dry. 

Damp. 

Dry  and 
Rusty. 

weightr=i. 

weight=z. 

weight=x. 

— 

.201 

.246 

— 

.182 

.110 

.175 

.222 

.162 

.202 

— 

.187 

.083 

.136 

Dry.  SprittgS| 


weigbt=i.  j 

-        I 
.200      I 

.172 

.J54 
.132 


Comparative  Coefficients  of  Friction  for  Different  Weights ;  Rails  Dry. 


Speed,  30  feet  per  second : 
or  20  miles  per  hoiur. 


Empty  waggon,  3.40  tons 
Loaded  waggon,  6.45     „ 


.175 
.169 


At  speeds  under  20  miles  per  hour,  it  appears  from  the  table  that,  when 
the  rails  are  dry,  the  coefficient  of  friction,  or  the  adhesion,  is  one-fifth  of 
the  weight,  and  that  on  very  dry  rails  it  is  one-fourth.  As  the  ^eed  is 
increased,  the  adhesion  is  reduced. 

These  data  are  corroborative  of  the  results  of  the  author's  experiments 
on  the  ultimate  tractive  force  of  locomotives  on  dry  rails,  from  which  he 
obtained  a  coefficient  of  friction  equal  to  one-fifth  of  the  weight,  at  speeds 
of  about  lo  miles  per  hour. 
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They  are  corroborated  by  the  experience  of  train-brakes  on  the  District 
Railway,  London.  The  gripping  force  of  the  brake  is  greatest  just  before 
it  train  is  brought  to  a  state  of  rest. 

It  is  seen  from  the  table  that,  on  damp  rails,  the  coefficient  of  friction,  at 
20  miles  per  hour,  was  reduced  to  one-ninth. 

In  the  second  part  of  the  table,  it  is  seen  that  the  coefficient  of  friction 
increases  in  a  ratio  rather  less  than  that  of  the  weight. 

Work  Absorbed  by  Friction. 

The  product  of  the  total  pressure  between  the  rubbing  surfaces  by  the 
coefficient  of  friction,  is  the  total  frictional  resistance ;  and  the  product  of 
this  resistance  by  the  space  through  which  it  acts,  is  the  work  done,  or 
ibsorbed,  by  frictioa     l^t — 

W  =  the  load  or  pressure,  in  pounds, 

/=  the  coefficient  of  friction  between  the  two  surfaces, 
s  =  the  space  passed  through  by  one  surface  on  the  other,  in  feet, 
/=  the  time  in  minutes, 

V  =  the  velocity  at  the  surface,  in  feet  per  minute, 
S  =  the  speed  of  revolution,  or  number  of  turns  per  minute, 

U  =  the  work  absorbed,  in  foot-pounds, 

H  =  the  horse-power  absorbed, 

</=  the  diameter  of  the  axle-journal,  or  of  the  pivot,  in  inches, 
r  =  the  radius  of  the  axle-journal,  or  of  the  pivot,  in  inches, 
a  -  half  the  angle  at  the  apex  of  a  conical  journal  or  a  conical  pivot, 
/=  the  axial  length  of  the  rubbing  surface  of  a  conical  pivot,  in  inches. 

The  space  described  by  a  cylindrical  journal  for  one  turn,  is  equal  to  3. 14  ^, 
in  inches,  or  to  .26  //,  in  feet;  and  by  the  flat  end  of  a  cylindrical  pivot, 
the  space  described  is  equal  to  two-thirds  of  this  quantity,  in  'the  ratio  oif 
the  mean  diameter  to  the  extreme  diameter,  or  .175  //,  in  feet.  For  a 
conical  pivot,  the  mean  diameter  is,  as  for  a  flat  pivot,  two-thirds  of  the 
extreme  diameter  of  the  rubbing  surface  of  the  pivot,  and  the  space 
described  for  one  turn  is  expressed  by  .175  ^,  in  feet.  But  the  pressure  on 
the  surface  of  the  conical  pivot,  compared  with  the  pressure  on  a  flat  pivot, 
is  greater  in  the  ratio  of  the  slant  length  of  the  pivot  to  the  extreme  radius 

of  the  rubbing  surface,  or  as  radius  to  sine  a ;  or  as  a/  r'  +  /'  to  r. 

The  pressure  on  the  surface  of  a  conical  journal,  is  to  that  on  a  cylin- 
drical journal  of  the  same  length  and  extreme  diameter,  as  radius   to 

cosine  a. 

Work  Absorbed  by  Friction. 

1.  On  a  flat  surface U=/Wx  j (  i ) 

2.  On  a  cylindrical  journal,  for  one  turn U  =/W  x  .26  d,,...  (  2  ) 

3.  On  the  square  end  of  a  cylindrical  pivot,  Itj_/-vv      mc  d     I  ^^ 

for  one  turn ]      "•'       ^'   '^    •••V3/ 

4.  On  a  conical  journal,  for  one  turn <  17=-^^ '- (  4  ) 

I  cos  a 

5.  On  a  conical  pivot,  for  one  turn {  \5  =^<- — ^  '  '^    ...  (  5  ) 

^  ^       '  \  sine  o  ^^ ' 

The  second  formula,  (  2  ),  is  applicable  to  the  cases  of  friction-couplings 
or  friction-brakes. 


726 


FRICTION  OF  SOLID  BODIES. 


The  horse-power  absorbed  by  continuous  frictional  action  on  a  flat  sur- 
face, or  surface  of  other  forro,  is  equal  to  the  product  of  the  resistance  bj 
the  velocity,  divided  by  33,000.  On  a  journal  or  a  pivot,  it  is  equal  to  the 
work  absorbed  in  one  turn,  multiphed  by  the  speed,  and  divided  by  33,000. 


Horse-Power  Absorbed  by  Friction, 


I.  On  a  flat  surface. 


2.  On  a  cylindrical  journal 

3.  On  a  cylindrical  pivot .. 

4.  On  a  conical  journal. . . . 


5.  On  a  conical  pivot. 


H  = 


/Wxy 

33,000 

/WSx.26^   _/WS// 


(6) 

H=-^  »  =.Li^:i:i (7) 

33,000  127,000 

^^_/WSx.i75^^/WS^     (3j 


H  = 


H  = 


33,000  189,000 

/WSx.26^_      /WS^ 


33,000  X  COS  a      127,000  X  cos  a 
/WSx.175//^       /WS^ 

33,000  X  sin  a      189,000  x  sin  a' 


(9) 
(10) 
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TOOTHED  GEAR. 

In    a   pair   of   toothed   wheels,  or  pinions,   geared    together,  the   re- 
lative angular  velocities  or  speeds,   or  number  of   turns    per    minute, 
are   inversely  as  their  diameters,  or  as  their  radii;    and  in  a  train  of 
wheels  and  pinions,  like  that  in  Fig.  315, 
suppose  the  axle  A  makes  27   turns  per 
minute,  and  that  the  diameters  of  the  wheel 
and    pinion   through  which   it  drives    the 
axle  C,  are  as  7  and  3,  the  axle  C  makes 

(27  X  2  = )  63  turns  per  minute.    Again,  the 

3 
axle  C  drives  the  axle  D  by  a  wheel  and  a 

pinion  having  diameters  also  as  7  to  3,  and 


7_ 


Fig.  315.— Toothed  Gear. 


the  speed  of  D  is  (63  x  1  = )  147  turns  per 

3 
minute.     Finally,  the  axle  B  is  driven  by  D  by  gearing  as  7  to  3,  and 

D  makes  (147  x  1  =  )  343  turns  per  minute.     The  successive  accelerations 

3 
of  speed  are,  then,  as  follows: — 

Axle  A  driving  axle  C as  3  to  7 

„     C  „  D »  3  to  7 

»     D  „  B »3to7 


Total  acceleration as    27  to  343 

Here,  the  total  ratio  of  acceleration  is  found  by  multiplying  together  the 
first  terms  of  the  ratios,  and  the  last  terms  of  the  ratios;  equivalent  to  the 
ratio  of  i  to  12.7,  since  343-^27  =  12.7. 

It  is  seen  that,  in  this  example,  the  acceleration  of  speed  takes  place  by 
equal  additions,  in  the  ratio  of  3  to  7.  To  find  what  this  common  ratio 
must  be,  when  the  initial  and  final  speeds  alone  are  given,  take  the  cube 
root  of  the  compound  ratio  of  total  acceleration,  that  is, 


V343_7.  Q.    3/i2.7_  2.333, 


giving  the  common  ratio  3  to  7,  as  already  employed,  or  i  to  2^,  which  is 
the  same. 

The  third  root  is  taken,  because  there  are  three  accelerations  of  speed. 
If  there  were  only  two  accelerations,  the  square  root  would  be  takoi;  if 
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four  accelerations,  the  fourth  root     In  general,  to  find  the 

take  that  root  of  the  total  ratio,  the  index  of  which  is  equal  to  the  aumba 

of  accelerations.     The  same  rule  applies  in  cases  of  reduction  of  speed 

When  the  speeds  are  increased  by  ratios  which  are  different  from  t*di 
Other,  the  ratios  are  nevertheless  to  be  multiplied  together,  as  alread; 
exemplified,  to  find  the  resultant  ratio. 

In  making  this  multiplication,  in  the  above  example,  the  ratio  5  to  7  might 
have  been  replaced  by  the  equivalent  ratio  1  to  a^.  This  ratio  multii^ 
twice  by  itself,  produces  the  total  ratio  1  to  12.7;  and  37  x  13. 7  =  343,  die 
final  speed  in  turns  per  minute. 


-Toothed  Geir. 


The  numbers  of  teeth  in  the  several  wheels  and  pinions  of  each  pair,  are 
necessarily  proportional  to  their  diameters;  and  they  may  be  employed 
instead  of  the  diameters,  to  express  the  ratios;  and  be  multiplied  together 
to  find  the  resultant  ratio. 

Pftch  of  the  Teeth  of  Wheels. 

The  pitch  of  the  teeth  of  wheels  is  the  distances  apart  from  centre  to 
centre  of  the  teeth,  measured  on  the  pitch-circle.     The  pilch-drtU,  acpUA- 
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•,  is  the  circle  passing  through  the  body  of  the  teeth,  which  expresses 
virtual  or  normal  circumference  of  the  wheel;  it  would  be  the  actual 
rumference  if  the  teeth  were  indefinitely  small,  when  the  wheel  and 
ion  might  work  together  by  frictional  contact.  In  the  annexed  Fig.  316, 
»wing  the  halves  of  a  wheel  and  a  pinion  in  gear,  A  B  is  the  line  of 
itres,  and  C  C  and  C  C  are  the  pitch  circles  touching  at  c;  the  divisions 
•  and  B  r,  of  the  line  of  centres,  being  the  pitch-radii  of  the  wheels.  The 
of  the  pitch-circle,  between  /  and  /,  is  the  pitch  of  the  teeth,  and  it 
aprises  a  tooth  and  a  space. 

rhe  numbers  of  teeth  in  the  wheel  and  the  pinion  are  in  the  same  ratio 
the  diameters  of  their  pitch-circles.  Let  N  =  the  diameter  of  any  wheel 
the  pitch-line,  P  =  the  pitch,  //  =  the  number  of  teeth ;  then, 


3.1416      T-.         D  ^      ^        r\  P 

n  =  '^—'i — xD:      P  =  3.i4i6x  — :     D  =  «x 


(i)>  (2),  (3). 


ordinary  practice,  the  pitches  most  commonly  used  range  from  i  inch  to 
nches,  advancing  by  eighths  to  2  inches,  and  thence  by  fourths  of  an 
:h.     Below  i  inch,  the  pitches  decrease  by  eighths  down  to  }(  inch. 
William  Fairbaim  employed  the  following  pitches : — 

Spur  Fly- Whffh.—Sy  4/4y  4»  sHf  3}iy  3»  2>^,  2,  lyi  inches. 

Spur  and  Bevil  lVh€eis  for  Millwork. — 5,  4^,  4,  31^,  31^,  3,  2^,  2  J^, 

(,  2}i,  2,  i^,  i^,  i^,  i}(,  lyi,  1,  J4  inches. 

For  toolwork  the  pitches  usually  range  from  i  inch  to  ^  inch. 

To  save  calculation  in  the  application  of  the  formulas  (i)  &  (3),  the  values 


3.1416 


,  and 


3.1416 


,  for  particular  pitches,  are  given  in  the  table  No.  255. 


Fable  No.  255. — Toothed  Wheels — Multipliers  for  the  Number 

OF  Teeth  and  the  Diameter. 

(Rules  I  and  3  ). 


Multiplier  for 
the  Number 

Multiplier 
for  tnc 

Multiplier  for 
the  Number 

MultipHer 
for  the 

Pitch. 

Pitch. 

of  Teeth. 

Diameter. 

of  Teeth. 

Diameter. 

3.1416 

pitch 

3.14x6 

pitch 

ndia^ 

pitch. 

3- 1416. 

inches. 

pitch. 

3.1416. 

6 

.5236 

1.9095 

iH 

1.9264 

.5141 

S  , 

.6283 

I.5915 

lyi 

2.0944 

.4774 

*)i 

.6981 

1.4720 

^H 

2.2848 

.4377 

4 

.7854 

1.2732 

iX 

2.5132 

.3979 

3>i 

.8976 

I.II4I 

iH 

2.7926 

.3568 

3X 

.9666 

1.0345 

I 

3-1416 

.3183 

3 

1.0472 

.9547 

% 

3.5904 

.2785 

2U 

1. 1333 

.8754 

H 

4.1888 

.2387 

*^ 

1.2566 

.7958 

H 

5.0266 

.1989 

jX 

1.3963 

.7135 

H 

6.2832 

.1592 

2 

1.5708 
1.6755 

.6366 

H 

8.3776 

.1194 

^Ji 

.5937 

% 

12.5664 

.0796 

tH 

1.7952 

.5570 

• 
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Table  No.  256. — Diameter  of  Toothed  Wheels. 

(Given  the  pitch  and  the  number  of  teeth.) 


Num- 

Pitch it 

r  Inches. 

ber  of 

Teeth. 

I 

iX 

l>^ 

iH 

2 

»x 

2}i 

2H 

3 

inches. 

inches. 

inches. 

inches. 

inches. 

inches. 

inches. 

inches. 

inches. 

I 

.318 

.398 

.477 

.557 

.637 

.714 

.796 

.875 

.955 

2 

.636 

.796 

.955 

1. 14 

1.27 

1.43 

1-59 

1.7s 

1. 91 

3 

.955 

1. 193 

1-43 

1.67 

I.9I 

2.14 

2.39 

2.63 

2.86 

4 

1.27 

1.591 

1.91 

2.23 

^•55 

-      2.85 

3.18 

3-52 

3.82 

S 

1-59 

1.989 

2.39 

2.79 

3.18 

3.57 

3.98 

4.38 

4.77 

6 

1.91 

2.387 

2.86 

3.34 

3.82 

4.28 

4.78 

5.2s 

6.68 

7 

2.23 

2.785 

3.34 

3.90 

4.45 

4.99 

5.57 

6.13 

8 

^•55 

3.182 

3.82 

4.46 

5.09 

5.71 

6.37 

7-22 

7.64 

9 

2.86 

3.580 

430 

5.01 

5.73 

6.42 

7.16 

7.88 

8.59 

10 

3.18 

3.98 

4.77 

5.57 

6.37 

7.14 

7.96 

8.75 

9.55 

20 

6.36 

7.96 

9.55 

11.14 

12.73 

14,27 

15.92 

17.51 

19.10 

30 

9.55 

"93 

14.32 

16.71 

19.10 

21.41 

23-87 

26.26 

28.64 

40 

12.73 

15.91 

19.10 

22.28 

25.46 

28.54 

31-83 

35.02 

38.19 

50 

15.91 

19.89 

23.87 

27.85 

31.83 

35.67 

39.79 

43.77 

47.74 

60 

19.09 

23.87 

28.64 

33-42 

38.20 

42.81 

47.75 

52.52 

57.29 

70 

22.27 

27.85 

33.42 

38.99 

44.56 

49-94 

55.71 

61.28 

^.'H 

80 

25.46 

31.82 

38.19 

44.56 

50.93 

57.08 

63.66 

70.03 

76.38 

90 

28.64 

35.80 

42.97 

50.13 

57.29 

64.21 

71.62 

78.78 

85.93 

100 

31.83 

39.78 

47.74 

55.70 

63.66 

71.35 

79.58 

87.54 

95.48 

no 

3500 

43.76 

52.51 

61.27 

70.03 

78.48 

87.54 

96.29 

105.03 

120 

38.18 

47.74 

57.28 

66.84 

76.39 

85.62 

95.50 

105.05 

114.58 

130 

41.36 

51.72 

62.06 

72.41 

82.76 

92.75 

103.45 

113.80 

124.12 

140 

44.54 

55.70 

66.84 

77.98 

89.12 

99.89 

III. 41 

122.56 

133-67 

150 

47.73 

59.67 

71.61 

83.55 

95.49 

107.03 

"937 

i3>.3i 

143.22 

160 

50.91 

63.65 

76.38 

89.12 

101.86 

114.16 

'27.33 

140.06 

152.77 

170  ; 

54.10 

67.63 

81.16 

94.69 

108.22 

121.29 

135.29 

148.82 

'  162.32 

180 

57.28 

71.60 

8593 

100.26 

114.59 

128.43 

143-24 

157-57 

171.86 

190 

60.46 

75.58 

90.71 

105.83 

120.95 

135.57 

151.20 

166.33 

181.41 

200 

63.64 

79.56 

95.48 

1 11.40 

127.32 

142.70 

159.16 

175.08 

1 190.96 

210  ' 

66.81 

83.55 

100.26 

116.97 

133-68 

149.82 

167.13 

163.84 

i  200.52 

220 

JO.OO 

87.52 

105.02 

122.54 

140.06 

156.96 

175.08 

192.58 

1 210.06 

230 

73.19 

91.49 

109.80 

128.11 

146.42 

164. 1 1 

183.03 

201.34 

219.60 

240 

76.36 

95.48 

114.56 

133.68 

152.78 

171.24 

191.00 

210.10 

!  229. 16 

250 

79.55 

99.45 

"935 

139.25 

159.  >5 

178.37 

198.95 

218.85 

238.70 

260 

82.72 

103.44 

124.12 

144.82 

165.52 

185.50 

206.90 

227.60 

248.24 

270 

85.92 

107.40 

128.91 

150.39 

173.87 

192.63 

214.86 

236.34 

257-79 

280 

89.08 

111.40 

133.68 

155.96 

178.24 

199.78 

222.82 

245.12 

1 267.34 

290 

92.28 

115.36 

138.45 

161.53 

184.61 

206.91 

230. 78 

253.86 

276.89 

300 

95-49 

"934 

143.22 

167.10 

190.98 

214.05 

238.74 

262.62 

1 286.44 

Appendix  to  Table. — To  find  the  diameters  for  pitches  under  x  inch,  namely, 

}(    I    5/16    I    H    I     7A6    I     H    I    9/,6    I    H    1    "/x6    I    H    I    «3/,6    |     }i  inch, 
refer  to  the  columns  in  the  table,  respectively,  for 

1    I    iK   |iK  I    iK   i     I    1    »K   I'K  I    »K    i   iMI    3K    I   i)i  inches: 
and  divide  the  quantities  in  these  columns  by  the  corresponding  divisors,  following : — 
4l4l4l4|2|4|2|4|2|4la 
To  find  the  diameter  for  pitches  above  2H  inches,  namely, 

3%    \      4      I    4J^    I      5      I    SH    I    6inches. 
refer  to  the  columns  in  the  table,  respectively,  for 

iK    I      2     \    2}i    \    7%    \    iH    \    3  inches; 
and  multiply  the  quantities  in  these  columns  by  2. 

To  6nd  the  diameter  for  any  number  of  teeth  between  xo  and  300,  not  specified  in  the  table.  Fi 
meters  for  the  tens  and  hundreds  in  the  number,  and  for  the  units;  the  sum  of  these  dtameteis  is  tl 
diameter.  For  a  wheel  of  x-inch  pitch,  with  135  teeth,  for  example: — the  diameter  for  130  tee 
inches,  and  for  5  teeth  it  is  1.59  inches;  and  \i.i6  -^  i.$9=^2.9s  inches,  the  required  diameter  foi 
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RULR  I.  To  find  the  Number  of  Tietli  in  a  li  /i<e/  oj  a  :^i': e/i  duinietcr  and 
piteh, — Multiply  the  diameter  in  inches,  by  the  multiplier  in  the  second 
column  of  the  table,  opposite  the  given  pitch.  The  product  is  the  number 
of  teeth. 

Rule  2.  To  find  the  Diamder  of  a  Wheel  hainng  a  given  number  and  pitch 
tf  teeth, — Multiply  the  number  of  teeth  by  the  multiplier  opposite  the  given 
pitch,  in  the  third  column  of  the  table.  The  product  is  the  diameter  in 
inches. 

Note  to  Rule  i. — When  the  answer  contains  a  fraction,  the  diameter  re- 
quires to  be  slightly  altered,  so  as  to  bring  out  a  whole  number  of  teeth. 
For  this  purpose,  take  the  nearest  whole  number  of  teeth  to  the  answer 
given  by  the  rule,  and  find  the  modified  diameter  for  that  number,  by 
Rule  2. 

Form  of  the  Teeth  of  Wheei^. 

That  the  teeth  of  wheels  and  pinions  may  work  together  smoothly, 
steadily,  without  rubbing  friction,  and  with  uniform  motion,  they  should 
be  shaped  to  epicycloidal  forms  on  the  faces,  and  h)T)ocycloidal  forms  on 
the  flanks, — being  the  portions  of  the  sides  of  the  teeth  respectively  above 
and  below  the  pitch-line.  These  forms  are  explained  and  exemplified  at 
pages  19  and  20. 

With  respect  to  the  formation  of  the  flanks  of  the  teeth  of  the  wheel. 
when  the  generating  circle  has  half  the  diameter  of  the  pitch  circle,  the 
h3rpocycloid  described  by  it  is  a  straight  diametrical  line,  and  therefore  the 
flanks  are  straight  and  radial  to  the  centre,  as  in  the  Fig.  318,  next  page. 


Fi^  JX7. — Formaxioa  <^  Teeth  of  Wheels. 

Similarly,  with  a  generating  circle  having  half  the  diameter  of  the  pitch- 
circle  of  the  pinion,  the  flanks  of  the  teeth  of  the  pinion  are  also  straight 
and  radial  If  now  the  same  generating  circles  be  employed  to  form  the 
faces  of  the  teeth  of  the  other  wheel  or  pinion  respectively,  the  wheel  and 
pinion  will  work  truly  together.  For  example,  let  the  template  B,  Fig.  317, 
cut  to  the  pitch-circle  of  the  wheel,  be  screwed  to  a  hardwood  board  C.  Set 
off"  the  thickness  <z  r  of  a  tooch,  on  the  pitch-circle  dd,  and  apply  the  segment 
D,  of  which  the  radius  is  equal  to  half  the  radius  of  the  pinion.  With  a 
tracing  point  /,  inserted  obliquely  at  the  tidbit  of  D,  roll  the  s^roent  D 
on  the  template  B^  so  as  to  d^chbe  the  epicycloidal  curve  a  t;  ami,  in  the 
same  way,  describe  the  coonterport  ct.    The  two  ^es  of  the  tooth  are 
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thus  formed.  To  draw  the  flanks  of  the  tooth,  trace  the  aic  dd  oa^ 
board  C  C,  and  remove  B;  screw  the  board  to  a  slip  of  deal  A,  Fig.  ji^ 
and  find  the  centre  of  the  pitch-circle,  on  the  slip  h;  draw  the  radii  «l 
and  r^,  to  form  the  flanks,  which  are  slightly  rounded  at  the  base  ^,  to  join 
the  arc  //,  drawn  through  the  roots  of  the  teeth.  The  end  of  the  tooA  is 
defined  by  the  arc  gg. 


Fig.  318.— Fonnauon  of  Teeth  of  Wheels. 

Performing  the  same  operation,  conversely,  for  the  teeth  of  the  pinion, 
the  wheel  and  the  pinion  so  constructed  work  truly  together.  In  the 
wheel   and   pinion.  Fig.   316,  are  shown  the  generating  circles,  having 

diameters  equal  to  the  radii  of  the  respective  wheels.^ 

Whilst  a  wheel  and  pinion,  or  two  wheels,  having  their  teeth  so  con- 
structed, work  truly  together,  they  do  not  work  truly  with  wheels  or  pinions 
of  other  diameters.     For  bevil-wheels,  this  peculiarity  is  of  no  moment, 
since  they  can  only  work  by  pairs ;  but,  for  spur-wheels,  it  is  convenient  that 
any  two  wheels  of  the  same  pitch  should  be  capable  of  working  truly  together. 
This  property  of  interchangeableness  is  secured  by  the  employment  of  the 
same  generating  circle  for  both  flanks  and  faces,  and  for  all  diameters,  as 
well  as  for  racks.     The  minimum  number  of  teeth  may  be  taken  as  12,  and 
the  diameter  of  the  common  generating  circle  may  be  taken  as  equal  to  the 
radius  of  the  pinion  of  12  teeth.     Teeth  of  wheels  so  formed  have  the 
flanks  rather  excessively  tapered;  but,  by  reducing  the  taper,  or  thinning 
the  tooth,  for  a  distance  of  half  the  height  of  the  flank  measured  from  the 
root  of  the  tooth,  the  working  durability  of  the  tooth  is  much  increased, 
and  steadiness  of  action  is  promoted  even  when  the  tooth  has  become 
considerably  worn.     If  the  full  form  of  the  flank  of  the  tooth  be  retained, 
a  shoulder  is  gradually  worn  into  it,  by  which  a  tendency  is  induced  to 
force  the  wheel  and  pinion  out  of  gear;  but  in  cutting  away  the  flanks  near 
the  base,  whilst  the  working  portion  of  the  flank-surface  remains,  shoulders 
can  only  be  formed  after  very  excessive  wear.^ 

Involute  Teeth, — The  teeth  of  two  wheels  will  work  truly  together,  when 
their  acting  surfaces  are  involutes.     The  involute  curve  may  be  described 

*  There  is  an  error  in  the  form  of  the  flanks  of  the  teeth  as  shown  in  Fig.  316;  they 
should  have  been  straight  and  radial. 

*  Mr.  Robert  Wilson,  of  Patricroft,  employs  this  method  of  forming  the  teeth  of  ^mr- 
wheels.     The  author  is  indebted  to  him  for  the  above  particulaxs  about  it. 
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faanically: — ^Let  A,  Fig.  319,  be  the  centre  of  a  wheel,  and  mna  & 
ad  lapped  round  its  circumference.  The  curve  a  If  A,  described  by  a 
at  the  end  of  the  thread  when  unwound  from  the  circle,  is  an  involute. 


Fig.  3x9.— Formation  of  Teeth  of  Wheels. 

;  curve  is  also  formed  by  causing  a  straight  ruler  R  to  roll  on  the  circle, 

.319,  with  a  pin  at  the  end,  tracing  the  involute  ^/. 

liat  two  wheels  with  involute  teeth  should  work  truly,  the  circles  from 


Fig.  3aa 


FomttttOD  of  Teetn  of  Whccn. 


ich  the  involute  forms  for  each  wheel  are  generated,  must  be  concentric 
li  the  wheels,  with  diameters  in  the  same  ratio  as  those  of  the  wheels. 
rATy  BT,  Fig.  320,  be  die  pitch-radii  of  two  wheels  to  work  together; 
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through  T  draw  any  straight  line  D  E,  and  with  the  perpendiculaxs  AD 
and  B  E,  describe  the  circles  D  H  and  E  F.  The  involutes  K  T  H  and 
G  T  F  give  the  forms  of  the  teeth. 

To  describe  the  teeth  of  a  pair  of  wheels,  of  which  A  c  and  B  r,  Fig.  321^] 
are  the  pitch  radii,  draw  cd  and  cd  perpendicular  to  the  radials  Biaoi] 
A  d\  these  radials  are  the  radii  of  the  involute  circles  from  which  the  adin| 
faces  of  the  teeth  are  formed. 

Involute  teeth  have  the  disadvantage  of  being,  when  in  contact,  too  modi 
inclined  to  the  radial  line,  by  which  an  undue  pressure  is  excited  on  die 
bearings.  But  they  have  the  advantage  of  working  truly,  even  at  vaiymg 
distances  apart  of  the  centres,  and  any  two  wheels  of  a  pitch  will  woik 
together  in  sets,  however  different  the  diameters. 

Proportions  of  the  Teeth  of  Wheels. 

Referring  to  the  annexed  Fig.  322,  the  leading  dimensions  are  indicated 
by  literal  references,  and  are  thus  distinguished  in  the  table  No.  257,  in 


Fig.  39a. — Proportions  of  Teeth  of  Wheels. 

which  the  first  and  second  scales  of  proportions  are,  both  of  them,  used  by 
engineers  in  good  practice;*  and  the  third  is  the  scale  of  Sir  Wm.  Fairbaira.^ 

Table  No.  257. — Teeth  of  Wheels: — Proportional  Dimensions. 

(Fig.  322.) 


Elements. 

xst  Scale. 

ad  Scale. 

3d  Scale. 

Kb-\-Q,b  Pitch  of  teeth 

I 

5/1X  or  .45 
<^/ii  or  .55 

Vii  or  .09 

3/10  or  .30 
4/xo  or  .40 
6/10  or  .60 
7/10  or  .70 
'/lo  or  .10 

15     or  I 

7  or  .47 

8  or. 53 
I     or  .07 
5>^or.37 
6>^or.43 

11  or  .73 

12  or  .80 
I     or  .07 
7     or  .47 

1. 00 
.45 

.10 

.35 
40 

.70 

.75 
.05 

Qb           Thickness  of  teeth, 

A  b            Width  of  space, 

A^-C^  Play, 

a  c             Length  above  pitch-line, 

C  c            Leneth  below  pitch-line, 

Ka-\-a  c  Workine  length  of  tooth 

C  a           Whole  length  of  tooth, 

Qc—Ka  Clearance  at  root 

C  b            Thickness  of  rim 

Note  to  table. — The  proportion  of  clearance  at  the  root  of  the  tooth  is 
usually  varied  from,  say,  '/xoth  of  the  pitch  for  the  smaller  wheels,  to  '/»lh 
for  the  larger  wheels. 

'  Engineer  and  Machinists  Assistant^  paige  89.       '  Mills  and  MiUwork,  Part  2,  page  33. 
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Strength  of  the  Teeth  of  Wheels. 
rbe  tooth  of  a  wbeel  in  action,  is  2  beam  fixed  at  one  end  and  kaded  at 
other;  and,  as  the  available  sticngth  of  a  wheel-tooth  is  that  of  its 
^est  exposure,  the  strength 
old  be  calculated  for  the  con- 
picy  that  the  whole  of  the  force 
!  be  ^plied  to  the  tooth  at  one 
ler,  D,  Fig.  323.  The  tooth, 
s  conceivable,  may  be  broken  , 
)S5  at  any  of  the  lines  B ^,  Be, 
Bi/;  but,  under  unifonn  con- 
ons,  the  actual  line  of  fracture 
lid  be  B  i,  which  is  the  base  of 
ight-angle  triangle  having  the 
lal  sides  D  B  and  D  d,  and  of 
£h  the  height  D  f  is  equal  to 
f  the  base  B  6.  Now,  the  height  of  the  tooth  D  B,  is  the  slope  of  the 
it-angled  triangle  D  6  c,  and  is  1.414  times  D  e;  and  the  values  of  the 
mcnts  for  the  application  of  the  fonnula,  according  to  the  3d  scale  of 
ipoTtions  in  table  No.  257,  are; — 

P^the  pitch  =  1. 

/=the  length  of  the  "beam"  =  D  ir  =  ,7s  P-^  1.41 4  =  .53  P. 

*  =  the  breadth  of  the  beam  =  ^6^ .$i  P  n  a  ^  1.06  P. 

d  =  the  depth  of  the  beam,  or  the  thickness  of  the  tooth  =  .45  P. 

t  -  the  tensile  strength  of  the  material  in  tons  per  square  inch. 
W  =  the  breaking  weight  at  the  comer  of  the  tooth,  in  pounds. 
Adapting  the   general   formula  (4),   page   507,  the  coefficient  .189J 
comes  (.289  X  2340  s  =  )  647,  and,  in  terms  of  the  above  symbols, — 

^,,(647^)^'^- /,) 


— Strtnglh  of  T«lh  o(  Wh«k 


To  express  the  breaking  strength  of  the  tooth  in  terms  of  the  pitch,  sub- 
tute  the  equivalent  values  of  b,  d,  and  /,  in  formula  ( 4 ): — 

W  =  ^47..^i.o6^P^M-45P)^647.^.405^';or 

W  =  (262f)P'. (S) 

Values  op  the  Numekical  Coefficient  in  Formula  ( 5 ). 

UUbmc  Tank  Stmilli  CoeRidenI 

7.  Cast  iron, 262  x   7  =  i834>  say  1800 

8.  Do.,      262X   8  =  2096,    „    2100 

9.  Do.,      262X  9  =  Z3S8,    „    2400 

la         Da,      262x10=2620,    „    2600 

11.  Do.,      262x11=2882,  „  2900 

12.  Do.,      262x12  =  3144,  „  3100 

la.    Gon-mctal 262x12-3144,  „  3100 

Kx    Wroughtiron, 262x20=5240,  „  5200 

yx    Sted, 262x30=7860,  „  8000 
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For  wheels  of  ordinary  cast  iron,  when  the  tensile  strength  is  not  given, 
assume  7  tons  per  square  inch  as  the  tensile  strength,  and  adopt  £e  co> 
efficient  1800.     Then, 

The  UltimaU  Transverse  Strength  of  the  Teeth  of  ordinary  Cast-Im 
Wheels^  in  terms  of  the  pitch,  is, — 

W-1800  P» (6) 

Inversely,  P=  ^^g^ (7) 

To  express  the  breaking  strength  of  the  tooth  in  terms  of  the  thicknm 

of  the  tooth,  dy  which  is  equal  to  .45  P.     The  pitch  P  =  — ,  and  bjrsQb- 

•45 

stitution  in  formula  (  S  ),  W  =  262  Jx  (  —  )';  or, 

•45 

W  =  (i294j)^» (8) 

Values  of  the  Numerical  Coefficient  in  Formula  (8). 

Ultimate  Tensile  Strength  Coefficient 

per  Square  Inch.  (z994  'X 

tons. 

7.  Cast  iron, 1294X   7=    9058,  say    9000 

8.  Do.,      1294X    8=10,352,    „    10,000 

9.  Do.,      1294X    9=11,646,    „    12,000 

10.  Do.,      1294x10=12,940,  „  13,000 

11.  Do.,      1294x11  =  14,234,  „  14,000 

12.  Do.,      1294x12  =  15,528,  „  16,000 

12.     Gun-metal, 1300x12=15,528,  „  16,000 

20.     Wrought  iron, 1294x20  =  25,880,  „  26,000 

30.     Steel, 1294x30=38,820,  „  39,000 

Again  assuming  a  tensile  strength  of  7  tons  per  square  inch  for  ordinaiy 
castings, — 

The  Ultimate  Transi^erse  Strength  of  the  Teeth  of  ordinary  Cast-Im 
Wheels  in  terms  of  the  thickness,  is, 

W  =  9ooo  //' (  9  ) 

Inversely,  = //  a/-— (10) 

V    9000 

The  excess  of  transverse  strength  of  cast  iron,  in  thicknesses  of  from 
I  to  3  inches,  above  that  which  is  calculated  from  the  tensile  strength,  as 
detailed  at  page  555,  affords  a  margin  for  weak  forms  of  teeth,  and  for  the 
loss  of  strength  by  trimming  or  by  wear,  and  especially  by  the  removal  of  the 
skin.-  The  excess,  it  is  true,  diminishes  as  the  thickness  increases;  but,  on 
the  contrary,  the  diminution  of  strength  is  less  by  the  wear  of  the  thicker 
teeth  than  by  that  of  the  thinner  teeth.  Thus,  there  is  a  natural  adjustment 
of  the  supply  of  strength  in  excess  to  the  requirement 

Working  Strength  of  Wheel-teeth. 

It  is  usual  to  act  on  a  factor  of  safety  of  10,  for  wheel-teeth:  Formulas 
(  ^  )>  (  7  )>  (  9  )»  ^^^  ( 10  ),  thus  adapted,  become, — 
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For  the  Workmg  Strength  of  Wheel-teeth  of  ordinary  Cast  Iron: — 
In  terms  of  the  pitch, W=i8o  P^. (11 ) 

In  tenns  of  the  thickness,.,..W  =  9oo  ^/'.. ( 13  ) 

Do-*  •^=  \/^  =  3oVW ( 14) 

For  wheels  of  cast  iron  of  greater  strength,  or  of  gun-metal,  wrought  iron, 
or  steel,  the  coefficients  for  a  factor  of  safety  of  10,  are  one-tenth  of  those 
Tiiiich  are  given  at  pages  735  and  736,  and  they  may  be  substituted  in  the 
above  formulas,  thus, — 

FoK  WoKKiNC  Stkbncth.  In  formulas  (xi)  and  (xa).    In  formulas  (13)  and  (14). 

Coefficient  for  gun-metal, 310     1600 

Do.  wrought  iron, 520     2600 

Do.  steel, 800     3900 

Sir  William  Fairbaim  states  that,  for  wooden  teeth,  a  thickness  i  J^  times 
that  of  cast-iron  teeth  is  sufficient;  3/^  ths  of  the  pitch  goes  to  the  thick- 
ness of  the  wooden  cogs,  and  ^5  ths  to  that  of  the  iron  teeth  of  the  wheel 
geared  with  the  wooden  teeth.  There  is  no  clearance,  as  the  teeth  ace 
accurately  trimmed. 

Breadth  of  the  Teeth  of  Wheels. 

When  the  breadth  of  a  tooth  is  just  twice  its  whole  length,  its  ultimate 
resistance  to  transverse  stress  is  approximately  equal  to  its  resistance  to 
diagonal  stress  applied  at  one  comer.  A  greater  breadth  than  twice  the 
lei^th,  therefore,  is  not  reckoned  to  add  to  the  transverse  resistance  of  the 
tooth;  but  it  is  necessary  for  durability. 

Breadth  in  relation  to  Working  Stress, — Tredgold  fixed  the  maximum 
average  working  stress  at  the  pitch-line  at  400  pounds  per  inch  of  breadth 
of  teeth.     Sir  William  Fairbaim  adopted  this  datum. 

Horse-power  Transmitted  by  Toothed  Wheels. 

A  horse-power  is  work  done  at  the  rate  of  33,000  pounds  through  i  foot, 
per  minute ;  or  550  foot-pounds  per  second.     Let, — 

H  =  the  horse-power  transmitted. 

W  =  the  stress  in  pounds,  at  the  pitch-line. 

V  =  the  velocity  at  the  pitch-line,  in  feet  per  second. 

S  =  the  speed  in  turns  per  minute. 

D  =  the  diameter  in  feet 

H  =  |^;      W  =  .S5£H;      ^,=  55^; (  15  ).  (i6  >;  ( 17  ). 

That  is  to  say; — ist  The  horse-power  transmitted  is  equal  to  the  product 

of  the  stress  by  the  velocity  at  the  pitch-line,  divided  by  550.     2d.   The 

stress  at  the  pitch-line  is  equd  to  550  times  the  horse-power  divided  by  the 

velocity  at  the  pitch-line.     3d.  The  velocity  at  the  pitch-tine  is  equal  to  550 

times  the  horse-power,  divided  by  the  stress. 

47 
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The  speed  of  the  wheel,  in  turns  per  minute,  is  equal  to  — ?A-^:  or 
'^  3.1416D 

S=19^^;         e.  =  ^  (18),  (.9) 

U  1 9. 1 

That  is  to  say; — ist  TAf  speed  of  the  wheel  is  equal  to  19.1  times  the 
velocity  at  the  pitch-line,  divided  by  the  diameter.     2d.  The  velocity  at  the 
pitch-line  is  equal  to  the  product  of  the  diameter  by  the  speed,  divided  by 
19.1. 
To  find  the  horse-power  in  terms  of  the  stress^  the  diameter  and  the  speed; 

or  W,  D,  and  S.     By  formula  ( 15 ),  H  = ;  and,  substituting  the  value  of 

.     ,      V    rr         WDS 

z/m(i9),  H= ,  or 

TT     WDS  /       \  3 

H  = (20) 

10,500  \ 

g_  10.500  H  .X 

That  is  to  say,  the  horse-power  transftiitted  is  equal  to  the  product  of  the 
stress  at  the  pitch-line,  by  the  diameter  and  by  the  speed;  divided  by 
10,500. 

For  the  horse-power  in  terms  of  the  pitch.   Substitute  in  formula  (20),  the 
value  of  VV  in  terms  of  the  pitch,  that  is,  by  formula  (11),  for  cast  iron, 

180  P';  then  H  = ;  or 

10,500 

(for  cast  iron)       H  =  — - —  (22) 

That  is  to  say,  the  horse-po^ver  that  may  be  transmitted  by  a  cast-iron  whed 
is  equal  to  the  product  of  the  square  of  the  pitch  by  the  diameter  and  by 
the  speed;  divided  by  58.3. 

The  horse-power  per  foot  of  diameter  and  per  turn  per  minute,  is 

p» 

(for  cast  iron)       H  =  -— — ; (23) 

50-3 

being  equal  to  the  square  of  the  pitch  divided  by  58.3. 

The  formulas  (  22  )  and  (  23  )  are  available  for  the  calculation  of  the 
horse-power  of  wheels  made  of  other  metals,  by  using  the  proper  constants, 
as  follows: — 

For  Horse-power.  In  Formulas  (m)  and  (aj). 

Coefficient  for  gun-metal 10,500  -r-  3 1 o  =  33.9 

Do.  wrought-iron 10,500  -h  5  20  =  20. 2 

Do.  steel 10,500-^-800  =  13.  i 

Table  No.  258  gives  particulars  of  dimensions,  stress,  and  horse-power 
of  toothed  spur-wheels  of  ordinary  cast  iron,  for  various  pitches.  The 
thickness,  column  2,  is  given  as  45  per  cent  of  the  pitch;  the  working 
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stress  at  the  pitch-line,  column  3,  is  calculated  from  tlie  pitch  by  formula 
(11);  the  horse-power  transmitted  at  i  foot  per  second,  column  6,  is 
calculated  from  the  stress  by  fonnula  (15),  and  the  horse-power  per  foot 
of  diameter  and  per  turn  per  minute,  in  the  last  column,  is  calculated  by 
fonnula  (23).  This  table  affords  data  for  performing  all  the  usual  calcula- 
tions for  the  horse-power  of  toothed  wheels.^ 

Table  No.  258. — Strength  and  Horse-Power  of  Spur-Wheels, 

Made  of  ordinaiy  cast  iron. 


Pitch 

Thickness 

Working 

Brsadth 

OF  Tbcth. 

horsb-powvk 
Tkansmittbd. 

of 

of 

Stress  at 

At  X  Foot 

Per  Foot  of 

Tmh. 

Teeth. 

Pitch-line. 

Least 

Usual 

per  Second 

Diameter 

Breadth. 

Breadth. 

at  the 

and  per  Turn 
per  Minttte. 

Pitrh-Une. 

inches. 

inches. 

indies. 

pounds. 

thickness  X  a. 

inches. 

H.  P. 

H.  P. 

I 

45 

180 

.90 

2^ 

.327 

.0172 

IX 

.56 

281 

1. 12 

2%  and  3 

.511 

.0268 

l>i 

.67 

405 

1-34 

3X  and  3>i 

.736 

.0386 

1      'J^ 

.79 

551 

1.58 

i^ 

1. 000 

.0525 

2 

.90 

720 

1.80 

6 

I.3IO 

.0686 

for  400  lbs. 

per  inch. 

2 

•90 

720 

1.80 

6 

I.3IO 

.0686 

2% 

1. 01 

911 

2.28 

6 

1,656 

.0868 

r 

2K 

1. 12 

II25 

2.81 

6 

2.045 

.1007 

2^ 

1.24 

1 361 

Z-AP 

7 

2.474 

.1297 

3 

1.35 

1620 

4.05 

9 

2.945 

.1544 

3X 

1.46 

I90I 

4.75 

9 

3456 

.1811 

r 

3K 

1.57 

2205 

5.51 

10 

4.010 

.2100 

J 

4 

1.80 

2880 

7.20 

14 

5.236 

.2744 

1 

4>i 

2.02 

3645 

9.1 1 

14 

6.627 

.3472 

' 

5 

2.25 

4500 

11.25 

15  to  16 

8.182 

4028 

F 

6 

2.73 

6480 

16.20 

16  to  18 

11.782 

,6176 

Note. — For  mitre  and  bevil  wheels,  the  mean  diameter,  breadth,  and  thickness  of  teeth 
aie  to  be  used  in  calculation. 

Weight  of  Toothed  Wheels. 

Spur-wheels, — The  weight  of  spur-wheels  of  usual  proportions,  per  inch 
of  breadth,  increases  in  a  ratio  greater  than  the  diameter,  but  less  than  the 
square  of  the  diameter.  As  ascertained  by  plotting  the  particulars  of  a 
preat  number  of  wheels,  the  relation  of  the  diameter  and  the  weight  per 
mch  wide,  is  represented  by  the  general  expression  a  //+  b  //%  in  which  d  is 
the  diameter,  and  a  and  b  are  constants  for  each  pitch. 

Within.the  ordinary  practical  limits  of  breadth  for  each  pitch,  the  weight 
varies  as  the  breadth  of  the  wheel,  and  may  be  taken  at  a  constant  per 
inch  of  breadth. 


^  The  anthor  is  aware  that  Tredgold,  Fairbaim,  and  others,  give  higher  values  for  the 
strength  and  power  of  the  teeth  of  wheels  than  he  gives  in  the  text. 
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Table  No.  259. — Weight  of  Cast-Iron  Spur-Wheels, 

Per  Inch  of  Breadth. 


Pitch. 

Diameters  in 

Fbet. 

TT 1  T% 

«^i 

Usual  Brcaon.         i 

CWL 

•75 

cwt. 

I 

cwt. 

1.5       2 

2.5 

3 

4 

inches. 

cwt. 

cwt. 

CWL 

cwt. 

cwt. 

inches. 

6 



— 

— 

1,27 

1.66 

2.07 

2.97 

16  to  18 

S 

— 

— 

— 

1.08 

1.40 

1-75 

2.52 

15  to  16 

4H 

— 

.707 '  .984 

1.28 

1.60 

2.30 

14 

4 

.638 

.888 

1.16 

1.44 

2.07 

H 

3K 



— 

.569 

.792 

1.03 

1.29 

1.85 

10 

3X 

— 

.535 

.744 

.968 

1.21 

1.74 

9 

1 

3  , 

— 

•319 

.500 

,696 

.905 

1.13 

1.62 

9 

2)( 

.218 

.297 

.466 

.648 

.844 

1.05 

I.5I 

7 

2}4 

.202 

.275 

.431 

.600 

.781 

.98 

1.40 

6 

2X 

.185 

.253 

.397 

.552 

.719 

.90 

1.29 

6 

2 

.110 

.169 

.231 

.362 

,504 

.656 

.82 

1. 18 

6 

IK' 

.100 

.153 

.209 

.328 

.456 

•594 

74 

1.06 

4X 

i>i 

.089 

.137 

.187 

•293 

u|d8 

.531 

.66 

.95 

(  3X  not  exc'ding  5  ft 
(  3>i  above  5  feet 

iX 

.077 

.121 

.165 

.259 

.360 

.469 

.59 

.84 

(  2%  notexc'ding4ft 
)  3     above  4  feet 

I 

.068 

lb. 

.105 

lb. 

.143 

lb. 

.224 

lb. 

.312 

lb. 

.406 

.51 

'7Z 

2% 

lb. 

lb. 

lb. 

Ji 

6 

9 

13 

22 

32 

43 

55 

84 

2 

X 

6 

9 

13 

22 

32 

43 

55 

84 

2 

}< 

5 

8 

12 

20 

31 

44 

— 

iX 

H 

1 

6 

10 

15 

27 

42 

iX 

Pitch. 

DiAMET 

SRS  IN  Feet. 

5 

cwt 

6 

7 

1 

8 

9 

10 

II 

12 

inches. 

cwt. 

cwt. 

cwt. 

cwt 

cwt. 

cwt. 

1 
cwt 

6 

398 

5.09 

6,30 

7.63 

9.06 

10.60 

12.24 

14.00 

5 

3.38 

4.32 

536 

6.48 

7.70 

0.00 

10.40 

11.88 

4>i 

308 

3-94 

4.88 

5.90 

7.01 

8.20 

9.47 

10.82 

4 

2.78 

3.55 

4.40 

5.33 

6.33 

7.40 

8.55 

1!! 

3>^ 

2.48 

3.17 

3.93 

4.75 

5.64 

6.60 

7.62 

SX" 

2.33 

2.98 

3-69 

4.46 

530 

6.20 

7.16 

8.18 

3 

2.18 

2.78 

3-45 

4.18 

4.96 

5.80 

6.70 

7.66 

2^ 

2.03 

2.59 

3-21 

3.89 

4.62 

5.40 

— 

— 

2^ 

1.88 

2.40 

2.98 

3.60 

4.28 

5.00 





2X 

i'7Z 

2.21 

2.74 

3.31 

3.93 

4.60 

— 



2 

1.58 

2.02 

2.50 

3.02 

3.59 

— 

-^ 

— 

l}^ 

1-43 

1.82 

2.26 

2.74 

— 

— 



1% 

1.28 

1.63 

2.02 

— 

— 



— 

iX 

1.13 

1.44 

— 

• 



I 

.98 

— 

— 

» 

— 

For  pitches  of  i  inch  and  upwards,  the  weight  per  inch  of  breadth,  for  a 
given  diameter,  increases  directly  as  the  pitch. 
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The  following  formulas  are  deduced  from  the  actual  weights  of  spur- 
wheels  of  from  ^  inch  to  4  inches  pitch,  and  from  6  inches  to  12  feet  in 
diameter. 

Weight  of  cast4r(m  spur-wluds  of  from  i  inch  to  6  inches  pitch,  per 
inch  of  breadth : — 

W=(.o5  +  .o8/)^x(i+.io//) (24) 

Wdght  of  cast-iron  spur-wheels  of  pitches  less  than  i  inch: — 

For  ^  inch  pitch,  W  =  . 0935  </+. 0235  </'  (25) 

~        '  "  26) 


For^         „  W  =  . 0935  ^/+. 0235  ^/»  ( 

For  J4         „  W=   .069  </+. 0345 //»  ( 

For  f6        »f  W=   .080 </+. 0530^"  (28 


W  =  the  weight  of  the  wheel  in  hundredweights  per  inch  of  breadth. 
d—  the  diameter  in  feet. 
/  =  the  pitch  in  inches. 

The  first  formula  would  probably  be  suitable  for  finding  the  weights  of 
wheels  up  to  20  feet  in  diameter. 

The  results  given  by  the  above  formulas  are  average  results. 

Mortise-wheels. — The  weight  of  mortise-wheel  castings  is  the  same  as  that 
of  spur-wheels,  having  the  same  leading  dimensions. 

Bevil-wheels  and  Mitre-wheels. — The  weight  is  less  than  that  of  spur-wheels 
of  the  same  leading  dimensions,  varying  from  two-thirds  or  three-fourths 
of  the  weight;of  spur-wheels,  for  the  larger  diameters,  to  about  seven-eighths 
for  the  smaller  diameters. 

The  table  No.  259  of  the  weight  of  spur-wheels  is  calculated  by  means 
of  formulas  (24)  to  (28). 


FRICTIONAL  WHEEL-GEARING. 

When  one  smooth  cast-iron  wheel  is  employed  to  drive  another  by  du-ect 
contact  at  the  circumferences,  the  adhesion  or  driving  force  is  produced  by 
interpressure  between  the  wheels,  and  may  be  taken  as  one-sixth  of  the 
pressure. 

Robertson's  grooved-surface  frictional-gearing  consists  of  wheels  or 
pulleys  geared  together  by  frictional  contact,  in  which  the  driving  surfaces 
are  grooved  or  serrated  annularly,  the  ridges  of  one  surface  entering  the 
grooves  of  the  other.  A  lateral  wedging  action  is  obtained,  which  aug- 
ments the  adhesion  of  the  surfaces,  as  compared  with  flat  friction-surfaces, 
in  the  ratio  of  9  to  i.  That  is,  the  grooved  wheels  require  a  force  of 
3  lbs.  acting  at  their  circumference  to  make  them  slip,  for  every  2  lbs. 
applied  on  the  axis;  whereas,  two  flat  surface-wheels  would  require 
(2x9  =  )  18  lbs.  of  pressure  on  the  axis,  to  enable  them  to  resist  a  force  of 
3  lbs.  acting  at  the  circumference. 

Compared  with  leather  belts,  frictional  gearing,  worked  under  a  pressure 
equal  to  the  tension  of  the  belts,  has  been  proved  to  have  greater  adhesive 
force: — in  one  experiment,  about  30  per  cent.  more. 
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The  grooves  are  made  of  V  shape,  for  which  50^  is  the  most  suitable 
angle.  The  pitch  of  the  grooves  is  varied  according  to  the  velocity  and 
the  power  to  be  transmitted: — from  ^  inch  to  ^  inch;  the  ordinary  pitch  is 
fi  inch.  The  general  laws  of  friction  are  found  to  apply  to  the  action  of 
frictional  gearing.^ 


BELT-PULLEYS  AND   BELTS. 

The  acceleration  or  reduction  of  the  angular  velocity,  or  speed,  of  shafts 
driven  by  means  of  belts  and  drum-puUeys,  is,  like  that  of  shafts  driven  by 
toothed  gearing,  in  the  inverse  ratio  of  the  diameters  of  the  pulleys;  and, 
when  speed  is  brought  up  by  means  of  successive  shafts  and  small  and 
large  pulleys,  the  ratio  of  the  initial  to  the  final  speed  is  the  product  of 


Fig.  334.— Belt-pulleys  and  Belts :— MultipUcatioii  of  Speed. 

the  ratios  of  the  successive  accelerations  of  speed;  and  these  may  be 
expressed  in  terms  of  the  diameters  of  the  successive  pairs  of  puUeys. 
For  example,  the  driving  pulley  a,  36  inches  in  diameter,  on  the  shaft  A, 
makes  60  revolutions  per  minute,  and  drives  by  a  belt  the  1 2-inch  pulley  t 
on  the  shaft  B ;  which  carries  the  36-inch  pulley  r,  which  driVes  the  8-inch 
pulley  d  on  the  third  shaft  C.     The  speeds  are  calculated  thus : — 

Turns  per  Miimte. 

Shaft  A 60 

Shaft  B  6ox^,  or  60x3  =  180 

12 

Shaft  C  6ox^  X  v>  or  60x3x4.5  = 810 

128 

In  these  calculations,  it  is  assumed  that  there  is  no  slip  of  the  belt  on 
the  pulley ;  and  M.  Morin  supports  this  assumption.  Mr.  R.  H.  Buel  -  deduced 
from  direct  observation  that  the  reduction  of  speed  by  the  slip  or  "  creep," 
of  five  belts  employed  to  communicate  motion  from  an  engine-shaft  to  a 
distant  shaft,  through  intermediate  shafts  and  pulleys,  varied  from  just  one- 
half  to  one-quarter  per  cent.;  whilst  M.  Krest^  deduced  a  slip  for  one 
belt  only,  amounting  to  2  per  cent.  The  size  of  the  belts  observed  by 
Mr.  Buel  were  greatly  in  excess  of  those  actually  required  for  the  transmis- 
sion of  the  power. 

Tensile  Strength  of  Driving  Belts. 

Several  particulars  of  the  strength  of  belts  are  given  at  pages  679,  680.  It 
has  there  been  noticed  that  Messrs.  Briggs  and  Towne*  tested  the  strength  of 

*  See  a  paper  by  Mr.  James  Robertson  on  "Grooved-Surfoce  Frictional-Gearing/' in 
the  Proceedings^  of  thi  Institution  of  Mechanical  Engineers^  1 856. 
•  ^  yournal  of  the  Franklin  Institute^  vol.  Ixviii.,  I074,  page  256. 

'  Annales  des  Mines ^  1862.  *  Journal  of  the  FranJSin  fnstitiUe^  Jannary,  1868. 
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--mcL   leather   belts.   '  ;..   iiui;   or   .?](■   in.l.    .),',  k.      ^')^:^    Kmip,-     ii^-.      1n 
weakest  parts  of  an  ordinary  tu^lt  arc  the  ends  through  whh'h  the  lat-ing 
holes  are  punched,  and  that  the  belt  is  iisimlty  weaker  than  the  la<^Tng  \ir^\\. 
!nie  nvetted  splices  are  the  next  weakest  points.     The  Btrength^i  of  new 
xDd  partially  used  belts  were  found  to  be  almost  idontfc^l 

•Ta*^  ^^  ^^^  ^  ^r  SMittJifr  Inch 

At  larmgs 629  lbs.  ...  ^ to  lbs.   ...     ^58  lbs. 

Atsplicings 1146   „     ...  jSi    y^      ...   1744   „ 

At  solid  part 2025   „     ...  675   „     ...  ;^o«6   „ 

Messrs.  Bnggs  and  Towne  adopt  200  lbs.  iKt  inch  wide»  ft«  the  uiHttWtt^ 
strength  of  laced  belts  .22  inch  thick;  And  they  take  a  third  of  thi!i,  t/t 
66^  lbs.  per  inch  wide,  as  the  working  strcn^j^th.  This  i»  just  o^^-shth  <M* 
the  working  stress,  400  lbs.  per  inch  of  width,  (idopieil  fot  tootheil  Virhe^lii. 
It  is  equivalent  to  304  lbs.  per  square  inch  of  ncilioh. 

M.  Morin  adopts  '/^  kilogramme,  and  M.  (JIaudcl  }^  kilngtumme,  pel- 
square  millimetre;  equivalent  to  284  lb*.,  and  ^^55  Ibs.^  per  aqtiftte  imh  of 
section,  for  the  working  strength  of  leather  bclt». 

Dr.  Hartig  found,  from  the  rc«uU8  of  cxpcrimetits  ttiflde  hy  hittl  iti  A 
woollen  mill,  that  the  tension  on  the  driving  liclls  vrtticil  fVom  ^a  \h^;  tti 
532  lbs.  pcT  square  inch  of  section,  and  that  it  avernged  ^f^  lbs.  per  sqllAt-e 
inch.^ 

An  average  working  strength  of  300  lb».  per  wjtiare  Itich  of  sectlc^  df 
leather  belts  may  be  accepted  for  purt>oM;»  of  caky tfltlott; 

CAUxxATioir  FOR  HoRSB-PowER  TuAn^MVtn'.if  m  \^pJt^mM  MP.ti^i 
Tbc  fcwnBnte  for  the  power  of  toothed  wheefe,  (M)  io  {ii)i  t«|«# 

Let 

W=  the  wrjfking  acncsft  msKsmUfA  per  vM-.h  mde^-  'tt^  p()^(3tti^. 

^  -        (ith  (4oi.      m-  fed 

W#=  tfte  tJDtai-  worflaiif  jutres*  mtM^i^^,^  itt^  pottttxjfe:- 
tz^the  vdiMsity  &f  tfte  Mic,.  iw  fe«f  p^  ^letmxi. 
rf  ^        dcL.  (frvi.      iii  feet?  r.»«r  miittwt?^; 

B'^  the  fdameter  <$f  tSte  iM^llisj?,  in  feet?. 
3^^  the  ^>csd  of  the  pulley,  in  mms  p^  minutie. 
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In  Terms  of  the  Velocity  of  the  Belt,  and  the  Diameter  and  the  Sped 

of  the  Pulley. 

S.'^:^.-^^  (4),(5) 

„_W£^x_DS  ,,, 

10,500 

g    10,500  H  .V 

^"  W^xD     ^^' 

The  performances  of  belts  may  be  compared  by  calculating  the  number 
of  square  feet  of  belt-surface  passed  over  either  pulley  per  minute  per 
horse-power : — involving  the  elements  of  working  stress  and  velocity.  It  is 
found  by  multiplying  the  Velocity  in  feet  per  minute  by  the  breadth  of  the 
belt  in  feet,  and  dividing  the  product  by  the  horse-power  transmitted:— 

Belt-surface  described  per  Minute  per  Horse-Power  Trcmsmitted, 

Belt-area  in  square  feet  = -^^  = -5—^ ;  (8)  \ 

M  XT  ! 

In  tlie  second  expression  of  value,  the  velocity  is  expressed  in  feet  per 
second,  and  the  breadth  is  in  inches. 

Adhesion  and  Power  of  Leather  Belts. 

The  normal  pressure  per  square  inch  of  a  belt  on  the  surface  of  a  pulley 
is  equal  to  the  quotient  of  the  tension  on  a  belt  i  inch  wide  by  the  radius 
of  the  pulley  in  inches.  Otherwise,  the  tension  on  a  belt  i  inch  wide,  is 
equal  to  the  product  of  the  normal  pressure  on  the  pulley  per  square  inch 
by  the  radius  in  inches.  This  is  the  same  equation  as  is  used  to  find, 
reversely,  the  action  of  steam  within  a  boiler: — the  transverse  stress  on  each 
side  of  the  shell  of  the  boiler,  per  inch  of  length,  is  equal  to  the  product  of 
the  internal  pressure  per  square  inch  by  the  radius  in  inches. 

M.  Marines  Experiments, 

M.  Morin^  ascertained  that,  when  one  pulley  is  driven  by  another,  by 

means  of  a  leather  belt,  the  sum  of  the  tensions  in  the  two  sides  of  the 

belt,  is  the  same  when  in  motion  and  at  rest.     The  tension  on  the  pulling 

side,  when  in  motion,  is  therefore  increased  by  as  much  as  the  tension  on 

the  return  side  is  reduced.     When  the  belt  just  slides  on  the  pulley  by 

tension,  the  relation  of  the  sliding  and  the  slack  tensions  is  expressed  by 

the  Ibrmula — 

c 
Log T  =  log /+ 0.434 r-  (9) 

T  =  the  greater  tension. 

/  =  the  slack  tension. 

r  =  the  coefficient  of  friction  between  the  band  and  the  pulley. 
C  =  the  length  of  the  arc  of  the  circumference  embraced  by  the  belt 
R  =  the  radius  of  the  pulley. 

*  Aide-Menioire  de  Mecanique  Pratique^  1864  \  P^c  289. 
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tuLE. — To  find  the  tension  just  sufficUfit  to  cause  a  leather  belt  to  slide  over 
illey  with  a  given  slack  tension.  Divide  the  length  of  the  arc  embraced 
he  belt,  by  the  radius  of  the  pulley,  and  multiply  the  quotient  by  the 
ficient  of  friction,  and  by  0.434;  add  the  product  to  the  logarithm  of 
slack  tension.  The  sum  is  the  logarithm  of  the  sliding  tension.^ 
he  coefficients  of  friction  deduced  by  M.  Morin  are  as  follows : — 

leather  belts  in  ordinary  condition  on  wooden  pulleys 0.47 

new  belts  on  wooden  pulleys 0.50 

belts  in  ordinary  condition  on  cast-iron  pulleys,  either  turned  or  rough  0.28 

wet  belts  on  cast-iron  pulleys 0.38 

hemp  ropes  on  wooden  pulleys 0.50 

o  facilitate  calculation,  M.  Morin  gives  the  following  tablet  of  the 
)s  of  the  sliding  tension  to  the  slack  tension,  for  various  proportions  of 
arc  of  the  circumference  embraced  by  the  band,  and  for  the  several 
Bcients  of  friction : — 

Tablet  A. 


Ratio  of 

the  Arc 

Embraced, 

to  the 

Grcumfer* 

ence. 

Ratio  of  Sliding  to  Slack  Tension. 

New 
Belts  on 
Wooden 
Pulleys. 

Belts  in  Ordinary 
Condition. 

Wet 

Belts  on 

Cast-iron 

Pulleys. 

Cords  on  Wooden  Pulleys 
or  Winches. 

Wooden 
Pulleys. 

Cast-iron 
Pulleys. 

Rough. 

Polished. 

.20 

•30 
40 

.50 
.60 

.70 
.80 
.90 
1. 00 
1.50 
2.00 
2.50 

1.87 
2.57 

3.51 
4.81 

6.59 

9.00 

12.34 
16.90 

23.14 

1.80 

2.43 
3.26 

4.38 

5.88 

7.90 

10.62 

14.27 

19.16 

1.42 
1.69 
2.02 
2.41 
2.87 

3.43 
4.09 

4.87 
5.81 

I.61 
2.05 
2.60 

3.30 
4.19 
5.32 
6.75 

8.57 
10.89 

1.87 

2.57 

351 

4.81 

6.58 
9.01 

12.34 
16.90 

23.90 
III.3I 

535-47 
2575.80 

I.51 

1.86 
2.29 
2.82 

3.47 
4.27 

5.25 
6.46 

7.95 
22.42 

63.23 

178.52 

\xample. — The   slack  tension  of  a   belt   in  ordinary  condition,  on  a 

den  pulley,  is  100  lbs.;  and  the  belt  embraces  half  the  circumference. 

K>site  .50  in  column  i,  find  the  multiplier  4.38  in  column  3.     Then, 

X  4.38  =  438  lbs.,  the  sliding  tension. 

:  is  found  by  experience  that  the  resistance  of  pulleys  to  sliding  of  belts 

[dependent  of  the  diameter. 

/lien  a  rope  is  wound  once  round  a  wooden  barrel,  it  is  seen  by  the 

e  that  the  resistance  is  24  times  the  pull  at  the  slack  end,  on  a  rough 

el ;  and  that,  when  wound  2  J^  times  roimd  the  barrel,  the  resistance  is 

5  times  the  pull. 

Calculation  of  the  Power  of  Belts ^  by  M,  Morin^s  DcUa, — ^The  pull  available 

driving  is  equal  to  the  difference  of  the  sliding  and  slack  tensions,  or 

dessrs.  Briggs  and  Towne  show  clearly  how  this  formula  is  arrived  at ;  Journal  of  the 
xklin  Institute^  January,  1868,  page  18. 


74^  MILL-GEARING. 

T-/^K/-/  =  /(K-i),  in  which  K  is  the  ratio  of  Tto/,  as  intaWctA;!:: 

and, 

'=k::1 ^") 

The  value  of  the  driving  pull,  or  the  difference  of  tensions  (T  -/),  is  equal 

ceo  l-T 

to  ^^ ,  in  which  H  is  the  horse-power,  and  v  the  velocity  of  the  bdt  in 

feet  per  second.     Substituting  this  value  for  (T  -/)  in  equation  ( « ), 

/=    550  H     .      . 

(K-i)«^  ^      ' 

j^^/zn(K-0    (^,j 

550 

That  is  to  say,  the  minimum  slack  tension  is  equal  to  550  times  the  hone- 
power,  divided  by  the  velocity,  and  by  the  ratio  of  the  sliding  to  the  slad 
tension  minus  i. 

And,  the  available  horse-power  is  equal  to  the  product  of  the  slack  tension 
by  the  velocity  of  the  belt,  and  by  the  ratio  of  the  tensions  minus  i ;  divided 

by  550- 

M.  Morin  recommends  that  the  value  of  the  slack  tension,  formula  (10), 
should  be  increased  by  Vxoth,  to  cover  the  friction  of  the  journals. 

M,  ClaudeTs  Data  for  Belts. 

M.  Claudel  gives  the  following  empirical  formula,  in  common  use,  for 
finding  the  breadth  of  a  leather  belt  enveloping  half  the  circumference  of 
a  pulley.     Altering  the  measures : — 

^-^?; (") 

in  which  b  =  the  breadth  in  inches,  H  =  the  horse-power,  v  -  the  speed  of 
the  belt  in  feet  per  second;  and  c  a  constant,  26  for  upright  shafts,  and  20 
for  horizontal  shafts. 

This  formula  gives  values  for  the  breadth,  averaging  about  double  what 
would  be  given  by  the  table  No.  261,  when  the  belt  laps  half  round  the 
pulley.  The  belt  then  works  to  half  its  power;  and  M.  Claudel  instances 
the  common  experience  that  a  belt  3^  inches  broad,  moving  at  a  velocity 
of  9  feet  per  second,  can  very  well  transmit  i  horse-power,  with  ordinary 
tension,  and  without  overstraining,  working  on  turned  and  smooth  pulleys 
of  equal  diameter.  This  example,  if  adopted  as  a  basis,  would  give  a 
coefficient  of  29  in  formula  (12).  The  working  tension  is  only  about 
20  lbs.  per  inch  wide. 

At  the  same  time,  the  values  given  by  the  empirical  formula  (12)  an 
little  more  than  those  deducible  from  the  data  of  M.  Morin. 

Jlfr.  Evan  LeigKs  Rules  for  Belting} 

Mr.  Leigh  is  of  opinion  that  a  main  driving-belt,  to  be  rightly  applied, 
should  pass  through  3000  or  4000  lineal  feet  per  minute;  and  should  he 
of  sufficient  width  to  drive  all  the  machinery  and  shafting  to  be  driven,  quite 

*  The  Science  of  Modern  Cotton  Spinningy  1873,  page  37. 
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f,  nmning  in  a  slack  condition.    The  belt  should  work  from  the  peri- 
lieiy  of  the  fly-wheels  of  quick-running  engines. 

Rule  i. — To  find  the  horse-power  of  a  fnain  driving  double  belt,  working 
toddy  and  easily.  Multiply  the  number  of  square  inches  covered  by  the  belt, 
n  the  surface  of  the  driven  pulley,  by  half  the  speed  of  the  belt  in  feet  per 
ainute;  and  divide  the  product  by  33,000.    The  quotient  is  the  horse-power. 

Rule  2. —  To  find  the  proper  width  of  a  main  driving  double  belt  for  a  given 
wrse-power.  Multiply  the  horse-power  by  33,000,  and  divide  the  product 
jy  the  length  in  inches  of  periphery  of  driven  pulley  covered  by  the  belt, 
ind  by  hadf  the  speed  of  the  belt  in  feet  per  minute.  The  quotient  is  the 
ridth  in  inches. 

For  existing  establishments,  where  it  is  desired  not  to  disturb  actual 
uiangements,  the  following  rule,  for  single  belts,  approaches  nearer  to 
>rdinary  practice : — 

Rule  3. — 72?  find  the  width  of  a  single  belt  for  any  given  horse-power 
[actual  practice].  Multiply  the  horse-power  by  33,000,  and  divide  the 
product  by  the  length  in  inches  of  periphery  of  the  smaller  pulley  covered 
tiy  the  belt,  and  by  the  speed  of  the  belt  in  feet  per  minute.  The  quotient 
is  the  width  in  inches. 

By  this  rule,  which  is  based  on  ordinary  practice,  single  belts  are  calcu- 
lated to  do  twice  as  much  duty  as  double  belts  of  the  same  width  by  Rule  2 ; 
and,  comparatively,  the  stronger  double  belts,  calculated  by  Rules  i  and  2, 
have  exceedingly  easy  work.  Hence  their  great  durability.  Applying  Rule  i 
to  the  second  example  of  wide  double  belts  quoted  from  Mr.  Cooper, 
below: — there  are  two  driven  pulleys,  7  feet  in  diameter,  lapped  by  the  belt 
for  '/j  ths  of  their  circumference,  equal  to  8.8  feet,  or  105.6  inches  on  each; 
the  width  of  each  belt  is  14  J^  inches,  and  105.6  x  14.5  x  2  =  3062  square 
inches  covered.  The  velocity  of  the  belts  is  3498  feet  per  minute;  and 
3062  X  3498 -i- 2 -f- 33,000=  162.3  horse-power.  The  horse-power  actually 
transmitted  by  the  two  belts  together  is  250,  or  fully  a  half  more  than  is 
allowed  by  Mr.  lveigh\s  rule;  yet  those  belts  are  said  to  have  lasted  upwards 
of  22  years. 

Examples  of  Very  Wide  Belts. 

Mr.  J.  H.  Cooper^  details  some  examples  of  the  performance  of  belts  in 
taking  off  the  power  of  steam  engines  from  the  fly-wheel  to  one,  two,  or 
three  line-shafts — 


Fig.  335.  •»  Main  Driving  Belts,  with  intermediate  gearing. 

I.  Horizontal  condensing  Corliss  engine,  with  intermediate  gearing,  at 
Conestoga  Mills,  No.  2,  Lancaster,  Pa.     Three  belts.     Fig.  325. 

'^  youmal  of  the  Franklin  Institute,  vol.  Ixviii.,  1874,  page  256. 
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2.  Engine  of  the  same  dass;  belts  driven  by  fly-wheel    Two  bdH 

Fig.  326. 

3.  Horizontal  Corliss  engine;  belt  driven  by  fly-idieeL     One  bdL 


Fig.  3«6. 


Tig.  337. 


Blain  DriTing  Belts,  off  the  lly-whceL 


4.  Horizontal  Coriiss  engine  at  Manayunk;  belts  driven  by  fly-wheel 

Three  belts.     Fig.  327. 

5.  Coriiss  engine,  at  Great  Bend,  Indiana.     One  belt 

The  chief  particulars  and  results  are  reduced  in  table  No.  260. 

No.  I  belts  have  been  at  work  upwards  of  twenty  years;  No.  2,  upi»-ards 
of  twenty-two  years;  No  3  has  been  eight  or  nine  years  at  work.  Nos.  i 
to  4,  double-thickness  belts,  transmit  a  tension  of  from  50  to  86  lbs.  per 
inch  wide,  or  from  25  to  43  lbs.  per  inch  wide  for  one  thickness.  The 
single-thickness  belt.  No.  5,  averages  126  lbs.  per  inch  wide;  and  Mr. 
Cooper  mentions  a  6-inch  belt  employed  to  drive  a  wheel-forcing  press 
on  a  24-inch  pulley,  transmitting  a  stress  of  104  lbs.  per  inch  wide. 

M^srs,  Briggs  and  Tmvnis  Experiments, 

Messrs.  Briggs  and  Towne's  experiments  on  the  friction  or  adhesion  of 
leather  belts,  were  made  with  3-inch  belts,  and  the  arc  of  contact  equal  to 
1 80°,  on  ordinary  cast-iron  pulleys.  The  average  results  of  168  experiments, 
under  tensions  of  from  7  to  no  lbs.  per  inch  of  width  of  belt,  gave  a 
sliding  tension  6.294  times  the  slack  tension,  and  a  friction  co-efficient  of 
0-5^3 3-  To  cover  the  contingencies  of  temperature  and  moisture  of  the 
atmosphere,  they  adopt  only  ^loths  of  6.294,  or  3.776  as  the  maximum 
practical  value,  giving  a  friction  co- efficient  of  0.423.  These  values  are  by 
one- half  greater  than  those  of  M.  Morin. 

Messrs.  Briggs  and  Towne  calculate  the  maximum  working  stress  per  inch 
of  width,  transmitted  by  belts  having  a  working  strength  of  66  '/j  lbs.  per 
inch  of  width,  by  means  of  the  formula  deduced  from  Rankine's  formula 
{Applied  Mechanics),  and  based  upon  the  foregoing  data: — 


W 


=  66^3(i-io-°«^32o6a) 


(12) 


VV  =  the  working  stress  transmitted  per  inch  of  width,  in  pounds, 
a  =  the  arc  of  contact,  in  degrees. 
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EUble  No.  260. — ^First-Motion  Driving  Belts  in  the  United  States. 

(Mr.  Cooper.) 


jCj^nder. 

Diameter 

and 
Stroke. 

Revdo- 

tions 

per 

Mmute. 

vt-. 

1 1 

Driven  PuUeys. 

r  iy»wacci. 
Diameter. 

Intermediate 
Gearing. 

Number  and 
Diameter. 

Speed 

per 
Mmute. 

ins.     ft 

turns. 

feet 

ft.    ins. 

turns. 

1 

30x6 

S^H 

Spur,  22; 

spur, 9  7}i) 

25  tons 

3  puUeys,    9  6     > 
speed,....  120         ) 

3  pulleys,  5  ft. 

228 

2 

28x5 

50^ 

pulley,  22; ) 
17  tons    J 

2       w           7  w 

159 

3 

16x4 

65 

H 

In            S  yy 

182 

4 

30^5 

52 

24 

1  I      „          6  „ 
(  2       „            8  „ 

208 
156 

5 

18x4 

6s 

12 

I      „   3ft.6in 

.      223 

Table  continued. 

Thickness  and  Width 

Velocity 

rof  Belt. 

Horse- 
power 
Trans- 
mitted. 

Tension  on  Belt. 

Belt 
Surface 
per  Min- 
ute per 

H.P. 

of  Belt. 

Feet  per 
Minute. 

Feet  per 
Second. 

Toul 

Per  inch 
Wide. 

feet 

feet. 

H.P. 

lbs. 

lbs. 

sq.  feet. 

■1 

double,  23 >^  ins. 

3582 

59.7 

125 

II52 

49 

54.9 

»      29       „ 

3582 

59.7 

175 

1612 

56 

49-5 

2  ' 

< 

„         ^^%    yf 

3498 

58.3 

125 

1180 

81 

33.6 

,y        HH    „ 

3498 

58.3 

125 

II80 

81 

33-^ 

3 

»         ^2         ,, 

»     17     „ 

„        21^    „ 

2859 

47.7 

90 

1038 

86.5 

31.8 

4^ 

w        26>^    „ 

1 

total,     65       „ 

3920 

65.3 

.  457 

3849 

59 

46.5 

5 

single,  22      „ 

2453 

40.9 

s  i9oto 
(  222 

2555 
2985 

116 
136 

23.6 
20.2 

Concluding  Table  of  the  Driving  Power  of  Leather  Belts, 

On  the  whole,  it  may  be  concluded  that  Messrs.  Briggs  and  Towne's  data 
afford  a  satisfactory  basis  for  the  application  of  general  practical  rules. 
Table  No.  261  gives  particulars  of  the  practical  driving-power  of  leather 
belts  .22  inch  thick,  per  inch  wide,  based  on  their  data  for  arcs  of  contact, 
of  from  90**  to  270®,  assuming  66^  lbs.  per  inch  wide,  as  the  maximum 
irorking  strength.  The  maximum  transmitted  working  stress,  calculated 
by  them  by  means  of  formula  (12),  is  given  in  column  2 ;  the  3d  and 
4th  columns  were  calculated  by  means  of  formulas  (  i )  and  (  6  ) ;  and  the 
horse-power  in  column  4,  multiplied  by  33,000,  gives  column  5.  The  sum 
of  the  tensions,  in  column  6,  is  calculated  by  adding  to  the  transmitted 
stress  in  column  2,  twice  the  difference  between  it  and  66^.  Thus,  for  the 
first  case,  66^3 -32.33  =  34.33,  which  is  the  slack  tension,  and  32.33 -f- 
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(34.33  X  2)=  101.00,  in  column  6.  The  last  column  ^ves  the  resultant 
stress,  by  the  parallelogram  of  forces,  caused  by  the  tensions  of  the  bdt,  m 
the  bearings  of  the  shaft. 

Messrs.  Briggs  and  Towne  give  many  instances  in  practice,  in  corroban* 
tion  of  their  deductions. 

Table  No.  261. — Driving-Power  of  Leather  Belts. 

Maximum  Working  Strength  66^  4bs.  per  inch  wide,  single  thickness,  .22  iDck 

(Based  on  Messrs.  Briggs  and  Towne's  data.) 


Arcs 

of 

Conuct. 


degrees. 

90° 

100 
110 
120 

lao 
210 
240 

270 


Maximum 
Working 
Stress  trans- 
mitted, per 
inch  wide. 


lbs. 

32.33 
34.80 

37-07 
39.18 

42.06 

44.64 

49.01 

52.52 

55.33 
57.58 


Power  transmitted,  oer  inch  %nde.            1 

Sure  of  the 
Tensions 

RcsnliaMt 
Pres&ore  on 

■  ■ 

At  X  foot 

per  second, 

Velocity  of  Hell. 

Per  foot  of  IHameter 

of  Pulley,  and 
per  Turn  per  Minute. 

_ 

on  both  sides 

of  a  Belt, 
per  inch  wide. 

the  Journal^ 
width  of  Bek. 

horse-power. 

horse-power. 

foot-lbs. 

lbs. 

lbs. 

.059 

.00308 

102 

101.00 

7142 

.063 

.00331 

100 

98.53 

7547 

.067 

.00353 

116 

96.26 

78.8s 

.071 

.00373 

123 

94.15 

81.53 

.076 

.00400 

132 

91.27 

84.32 

.081 

.00425 

140 

88.69 

85.67 

.089 

.00467 

154 

84.32 

8432 

.095 

.00500 

165 

80.8 1 

78.05 

.100 

.00527 

174 

78.00 

67.59 

.105 

.00548 

181 

75.75 

5356 

Note. — The  thickness  of  belt  is  .22  inch  for  a  maximum  working  strength  of  665^  lbs. 
per  inch  wide.  For  any  other  thickness  the  data  in  the  table  are  to  be  altered  in  tbie  ntio 
of  .22  to  the  thickness. 

India-Rubber  Belting. 

Driving  Belts  ^  manufactured  from  American  cotton  canvas,  cemented  in 
layers  by  vulcanized  india-rubber,  and  coated  with  the  same  material,  have 
been  tested  for  strength  and  adhesion.  It  is  stated  that  a  strip  i  inch 
wide  bears  a  tensile  stress  of  200  lbs.,  and  that  the  india-rubber  belt 
possesses  about  three  times  the  surplus  or  effective  adhesion  of  leather 
belts. 

Weight  of  Belt-Pulleys. 

The  weight  of  pulleys  of  the  same  diameter,  varies  within  much  wider 
limits  than  that  of  spur-wheels,  not  merely  because  the  breadth  varies  veiy 
much,  but  also  that  there  is  greater  variation  per  inch  of  breadth.  The 
following  formulas  for  the  weight  of  drum-pulleys  are,  therefore,  the  expres- 
sion of  average  weights  for  pulleys  of  medium  proportions.  For  pulleys 
designedly  strong  and  heavy,  up  to  30  inches  in  diameter,  the  weight  per 
inch  of  breadth  may  be  as  much  as  25  per  cent  more  than  the  average,  or, 
for  particularly  light  pulleys,  as  much  lighter.  As  the  diameter  increases, 
the  percentage  of  variation  diminishes;  and  for  6-feet  or  7-feet  pulleys, 
it  may  never  exceed  10  per  cent,  either  way. 


*  Manufactured  by  the  North  British  Rubber  Company. 
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Hie  author  is  indebted  to  Mr.  R.  Heber  Radford  for  the  examples  of  the 
kctual  weights  of  pulleys  as  used  in  the  Sheffield,  Manchester,  and  Bradford 
listricts,  given  in  tables  No.  262,  263,  and  264.  The  averaged  weights  per 
nch  wide  of  the  Sheffield  and  the  Manchester  finished  pulleys,  in  terms  of  the 
liameter  ranging  from  i  foot  to  4  feet,  are  found,  by  plotting,  to  be  expressed 
cyy  the  same  formula.  For  the  pulleys  of  the  Bradford  district,  the  formula 
is  slightly  different  from  that;  but  the  chief  interest  of  the  Bradford  ex- 
Bunples,  consists  in  the  data  they  afford  of  the  reduction  of  the  weight  of 
tht  rough  castings,  by  the  operations  of  turning,  boring,  and  slotting. 
From  these  data,  the  following  formulas  have  been  deduced,  showing  that 
the  increase  of  weight  per  inch  wide,  is  simply  as  the  increase  of  diameter: — 


Table  No.  262. — Weight  of  Finished  Cast-Iron  Pulleys, 

Sheffield  District. 

(Examples  contributed  by  Mr.  R.  Heber  Radford.) 


Weight, 

Wright, 

*Vi_ 

Width. 

turned,  bored,  and  slotted. 

Diameter. 

Width. 

turned,  bored,  and  slotted 

iMOtKsei. 

TotaL 

Per  inch 
wide. 

Total 

Per  inch 
wide. 

feec 

ins. 

inches. 

lbs. 

lbs. 

feet.    ins. 

inches. 

lbs. 

lbs. 

0 

6 

28 

4.7 

2      6 

10 

224 

22.4 

3 

6 

63 

10.5 

2     6 

12 

232 

19.3 

3 

10 

86 

8.6 

2      8 

9 

no 

12.2 

3 

12 

102 

8.5 

2    II>^ 

6 

140 

23-3 

5 

7 

66 

94 

3    0 

8 

120 

15.0 

6 

9 

V 

8.3 

3    0 

12 

108 

9.0 

9 

9 

80 

9.0 

3    0 

14 

136 

97 

9 

10 

84 

8.4 

3    5 

8 

160 

20.0 

2 

0 

6^ 

114 

17.5 

3    6 

6 

160 

26.7 

1     2 

0 

10 

120 

12.0 

3    7 

12 

175 

14.6 

1    2 

0 

10 

158 

15.8 

4    0 

8 

212 

26.5 

'    2 

0 

16 

170 

10.6 

4    0 

8 

225 

28.1 

2 

5 

6 

no 

18.3 

4     i>^ 

12 

338 

28.2 

Table  No.  263. — Weight  of  Finished  Cast-Iron  Pulleys, 

Manchester  District. 

(Examples  contributed  by  Mr.  R.  Heber  Radford.) 


1  4 

2  o 

2  o 

2  o 

2  2 

2  3 


Width. 


indies. 

I 

6 
8 
6 
6 


Dia- 
meter of 
Hole. 


inches. 

2K 
2>^ 

2 

2H 

2 

2H 


Weight — turned, 
bored,  and  slotted. 


Total 


lbs. 
28 

74 

76 
84 
87 

93 


Per  inch 
wide. 


lbs. 

9.3 
12.3 

12.7 

10.5 

14.5 
15.5 


Diameter. 


feet.  ins. 

2  6 

2  6 

3  o 

3  o 

3  6 

3  6 


Weight 

—turned. 

Width. 

Dia. 
meter  of 

bored,  and  slotted. 

Hole. 

Total. 

Per  inch 
wide. 

inches. 

inches. 

lbs. 

lbs. 

6 

2}4 

105 

17.5 

8 

2 

116 

14.5 

6 

2yi 

129 

21.5 

6 

2 

134 

22.3 

6 

2% 

137 

22.8 

6 

2 

144 

24.0 

i 
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Table  No.  264. — Weight  of  Rough  Castings,  and  Finished  Cast- 

Iron  Pulleys,  Bradford  District. 

(Examples  contributed  by  Mr.  R.  Heber  RadfonL) 


Weight, 

Wkight, 

Dtameter. 

Width. 

Diameter 
of  Hole. 

Rough  Castings. 

turned,  bored,  &  slotted. 

Rednctm 

#  ***   *    t  ^ 

Total 

Per  inch 
wide. 

Total 

Perindx 
wide. 

feet. 

inches. 

inches. 

inches. 

lbs. 

lbs. 

lbs. 

lbs. 

perceaL 

10 

3 

iH 

16 

5.3 

13 

4.3 

19 

0 

4^ 

2 

21 

5.0 

18 

4-0 

14 

2 

4 

2 

31 

775 

27 

6.75 

13 

4 

4^ 

2X 

44 

9.26 

38 

8.0 

13.6 

6 

5>^ 

2}i 

63 

1 1.4 

53 

9.6 

16 

8 

9 

2}( 

104 

1 1.6 

92 

10.2 

II.5 

10 

10 

2K 

132 

13.2 

118 

11.8 

ia6 

Weighi  of  Pulleys  per  inch  wide,  in  the  Lancashire  and  Yorkshire  Districts ^ 

from  I  foot  to  ^feet  in  Diameter, 

Rough  Castings, W=^7.625^/- 1.5  (13) 

Turned  and  Finished  Pulleys, W=        7^/- 1.75  (14) 

W=the  weight  of  the  pulley  in  pounds  per  inch  wide. 
^=the  diameter  in  feet. 

Note. — These   formulas   are  probably  applicable   for  pulleys  of  from 
10  inches  to  10  feet  in  diameter. 

From  the  weights  of  a  very  large  number  of  rough  castings  of  pulleys, 
ranging  from  i  foot  to  7  feet  in  diameter,  as  used  in  the  London  district, 
supplied  by  Mr.  Charles  Mackintosh,  the  following  formulas  have  been 
deduced.  For  rough  castings  above  2  feet  in  diameter,  the  weight  in- 
creases simply  as  the  diameter  increases.  For  diameters  less  than  2  feet, 
the  weight  increases  with  the  square  of  the  diameter.  The  same  propor- 
tional reduction  for  the  finished  weight  may  be  applied  to  the  Ijondon 
pulleys  as  was  done  to  the  T^ancashire  pulleys : — 

Weight  of  Pulleys  per  inch  wide,  in  the  London  District,  from  i  foot  to 

7  feet  in  diameter. 

Rough  castings  {  ^^^^^^^^^^^^^  W=3^  +  3 (15) 


diameter  and  upwards,....  W=  I2X^— 9-5 ( 16) 

Turned  and     |  not  exceeding  2  feet  in  diameter,  W  =  3^-.625 d->t  2.75  \  17 
finished  pulleys  (  2  feet  in  diameter  and  upwards,    W  =  1 1.625 ^-9-25 ( \^) 


The  weights  of  pulleys,  rough  as  cast,  and  turned  and  finished,  have  been 
calculated  by  means  of  the  foregoing  formulas,  for  diameters  increasing 
from  10  inches  to  8  feet;  given  in  table  No.  265.  It  is  apparent  that  the 
London  pulleys  are  much  heavier  than  the  country  pulleys.  The  reduc- 
tion of  the  weight  of  the  rough  castings  by  turning  and  finishing,  varies 
from  13  per  cent,  for  12-inch  pulleys,  to  10^  per  cent  for  2-feet  pulleys, 
and  9  per  cent,  for  8-feet  pulleys,  for  the  country  pulleys;  and  from  15  to 
7  per  cent  for  the  London  pulleys. 
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Table  No.  265. — Belt  Pulleys — Calculated  Weights. 


Diaaieter. 

Lancashire 
and  Yorkshire. 

London. 

Diameter. 

Lancashire 
and  Yorkshire. 

London. 

Weight 
per  inch  wide. 

Weight 
per  inch  wide. 

Weight 
per  inch  wide. 

Weight 
per  inch  wide. 

Rough 
Castings. 

Turned 

and 
Finished. 

lbs. 
4.08 
4.67 

5.25 

5.83 
6.42 

7.00 
7.58 

8.75 

9.91 

10.50 

12.25 
14.00 

15.75 

Rough 
Castings. 

Turned 

and 
Finished. 

Rough 
Castings. 

Turned 

and 
Finished. 

Rough 
Castings. 

Turned 

and 
Finished. 

10 
II 

12 

13 
14 

\l 

18 
20 

21 
feet. 
2 
2.25 

2.5 

Ibfi. 
4.8 

6.1 
6.7 
7.5 

8.0 
8.7 

9.9 
11.2 

11.6 

13.7 

15.7 
17.6 

Ibfi. 

5.1 

5.5 
6.0 

6.6 
7.1 

77 

8.3 

9.7 

11.3 
12.2 

15.0 
18. 1 
21. 1 

lbs. 

4.33 
4.68 

5.13 
5.67 

6.12 

6.67 

7.22 

8.51 

10.00 

10.9 

13.50 
16.4 

19.3 

feet 
2.75 

3 

3.25 

3.5 

4 

4.5 
5 

6.5 

7 
7.5 

8 

lbs. 

19.5 
21.4 

23.3 
25.2 

29.0 

32.8 
36.6 
40.4 

44.2 
48.1 

51.9 
55.7 

59-5 

lbs. 
17.50 
19.25 
21.00 

22.75 
26.25 

29.75 
33.25 

36.75 
40.25 

43.75 

47.25 
50.75 
54.25 

lbs. 
24.2 
27.2 
30.2 
33.2 
39.5 

45.5 
51.5 

64.0 
70.0 

76.3 
82.5 

90.5 

Ibfi. 
22.2 
25.1 

27.9 
30.1 
36.8 

* 

42.4 
48.1 

53.8 
60.0 
65.7 

7^-7 
77.3 
84.3 

ROPE-GEARING.i 

Round  hemp-ropes  working  in  grooved  wheels  are  occasionally  employed 
instead  of  belts  or  toothed  wheels  for  transmitting  power  from  the  engine. 
The  fly-wheel  is  made  considerably  wider  than  a  spur  fly-wheel  would  be, 
but  rather  less  than  a  belt-wheel  would  be,  and  V  grooves  are  turned  out 
of  the  circumference,  the  sides  of  which  are  at  an  angle  of  40°,  and  the 
number  and  size  of  which  are  regulated  by  the  quantity  of  power  to  be 
taken  off".  The  ropes  are  usually  5j{  and  6j4  inches  in  circumference  for 
higer  powers,  and  4}(  inches  for  smaller  powers.  To  prevent  wear  and 
tear  of  rope,  the  circumference  or  the  diameter  of  a  pulley  should  be  at 
least  30  times  that  of  the  rope,  and  the  shafts  should  be  at  a  distance  apart 
of  from  20  to  60  feet. 

The  number  of  ropes  required  for  the  transmission  of  a  given  power  is 
determined  from  the  circumferential  velocity  of  the  fly-wheel,  which  is  gener- 
ally between  3000  and  6000  feet  per  minute.  Mr.  Durie  instances  the 
rope-gearing  of  Messrs.  Nicoll's  factory  at  Dundee,  which  was  erected  in 
1870.  The  power  of  the  engine  varies  from  400  to  425  indicator  horse- 
power. The  fly-wheel,  22  feet  in  diameter,  makes  43  turns  per  minute, 
with  a  surface  velocity  of  2967  feet  per  minute;  it  is  4  feet  10  inches  wide, 
and  has  18  grooves,  each  of  which  is  occupied  by  a  6j4-inch  rope,  trans- 
mitting the  power  of  say  23  indicator  horse-power.  Five  ropes  are 
employed  to  transmit  the  power  to  the  ground  floor,  over  a  7^-feet  pulley; 

"^  See  a  paper  read  by  Mr.  James  Durie,  at  the  Institution  of  Mechanical  Engineers, 
published  in  Engineerings  November  3,  1876,  page  394. 
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four  ropes  drive  a  5  J^-feet  pulley  on  the  first  floor;  and  six  ropes  drive  a 

5  J^-feet  pulley  on  the  second  floor.  Lastly,  on  the  other  side  of  the  eaffBt- 
shaft,  the  power  is  transmitted  by  three  ropes  to  a  weaving-shed,  on  a  7j4- 

feet  pulley.     For  23  horse-power,  the  stress  on  each  rope  is  (.^^—^JLI^^) 

2967 

256  lbs.,  less  the  resistance  of  the  engine.    When  the  ropes  become  too  slad[, 

they  are  cut  and  re-spliced,  and  the  work  of  a  rope  under  such  treatment 

is  temporarily  performed  by  the  other  ropes  driving  the  same  pulley. 

In  another  example  40  indicator  horse-power  is  disposed  of,  for  eadi 

6  J^ -inch  rope,  at  a  velocity  of  3784  feet  per  minute;  and  the  equivalent 

stress  is  (.3352?JL45.  = )  340  lbs.  for  each  rope. 
3784 
Taking  the  ultimate  strength  of  a  6^ -inch  rope  at  10  tons,  or  22,400  Ibi, 

it  would  appear  that  the  working  stress  is  only  about  i  }4  per  cent  of  tbe 
ultimate  strength;  giving  a  factor  of  safety,  67. 

It  is  believed  that  an  economy  of  power  is  effected  by  the  substitution 
of  rope-gearing  for  toothed-gearing.  A  6j^-inch  rope  is  equivalent,  accord- 
ing to  Mr.  Durie,  to  a  leather  belt  4  inches  wide,  for  the  transmission  of 
work,  at  say  3000  feet  per  minute.  From  some  comparative  experiments 
made  by  Mr.  W.  A.  Pearce,  Dundee,  it  appears  that  a  6-inch  rope  in 
a  grooved  pulley  possessed  four  times  the  adhesive  resistance  to  slipping 
exhibited  by  a  half-worn  ungreased  4-inch  single  belt. 

The  ropes  used  for  gearing  are  made  of  carefully  selected  hemp: — tiie 
fibres  very  long,  well  twisted  and  laid,  yet  soft  and  elastic.  The  splice 
should  be  uniform,  of  the  same  diameter  as  the  rope,  and  9  or  10  feet  long. 

Transmission  of  Power  by  Rope  to  Great  Distances. 

Wire-Ropes. — M.  Him,  in  1850,  made  many  trials  with  endless  bands 
of  steely  iron  passing  over  pulleys  for  the  conveyance  of  power  to  great 
distances;  but  he  finally  adopted  iron  wire-ropes,  unannealed,  working  over 
grooved  pulleys  of  large  diameter.  M.  Umber,^  in  1859,  described  the 
apparatus.  The  pulleys  may  be  of  hard  wood;  they  are  formed  with  a 
groove  slightly  rounded,  about  2  inches  deep  and  i  ^  inches  wide,  lined  at 
the  bottom  with  leather  or  gutta-percha.  They  should  be  at  least  i  metre, 
or  3.28  feet,  in  diameter,  and  should  be  driven  at  the  greatest  practicable 
speed.  A  diameter  equal  to  200  times  that  of  the  cable,  is  the  most  suitable 
proportion.  The  distance  apart  of  the  driving  and  the  driven  pulleys 
should  be  not  less  than  from  130  to  160  feet,  and  the  pulleys  may  be  placed 
at  any  greater  distance  apart  The  greater  the  distance  apart,  the  steadier 
the  movement.  The  velocity  of  the  rope  is  about  50  feet  per  second,  or 
3000  feet  per  minute.  At  this  rate,  a  force  of  11  lbs.  would  be  equi- 
valent to  I  horse-power. 

The  most  common  sizes  of  wire-rope  employed  are  as  follows  : — 

Diameter.  Weight  per  Metre.  Weight  per  Yard. 

4  millimetres,  or  .16  inch.         .10  kilogramme.        .20  pound. 


6 

>» 

or  .24 

»> 

.17 

>> 

•34 

9 

»> 

or  .35 

» 

•31 

» 

.62 

2 

>> 

or  .47 

i> 

.45 

»} 

.90 

9» 


At  Colmar,  a  force  of  47  horse-power  is  transmitted  a  distance  of  250 

*  AnnaUs  des  PotUs  et  Chatissks,  'S59. 
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Is  by  a  )^-inch  wire-rope,  over  two  pulleys  of  3  metres,  or  about  10  feet  in 
aeter,  making  95  turns  per  minute.  The  rope  is  supported  at  the  middle 
he  span  by  pulleys  of  i  metre  in  diameter.  The  frictional  resistance  is 
than  3  per  cent  The  ropes  receive  a  coat  of  a  mixture  of  oil  and  tar 
e  j)er  month,  and  they  wear  well. 

Tie  ropes,  in  all  cases,  consist  of  36  wires,  in  six  strands  of  6  wires  each, 
L  core  of  hemp.  Each  strand  likewise  is  formed  on  a  hempen  core.  The 
ij)en  cores  are  favourable  for  flexibility. 

rom  another  account,  it  appears  that  100  horse-power  can  be  transmitted 
yards  without  any  intermediate  support,  by  an  endless  wire-rope  of 
inch  in  diameter,  over  pulleys  from  13  to  14  feet  in  diameter,  making 
turns  per  minute,  equivalent  to  a  velocity  of  rope  of  upwards  of  4000 
j)er  minute.  For  longer  distances,  the  rope  is  supported  at  intervals  of 
yards  by  7-feet  pulleys.  The  calculated  loss  of  power  in  transmitting  120 
^-power  is  lyj^  per  cent.,  or  21  horse-power.  The  sources  of  loss  are: 
St  The  resistance  of  the  air  to  the  arms  of  the  wheels.  2d.  The  resistance 
igidity  of  the  rope  in  passing  over  the  wheels.  3d.  Axle-friction : — fixed 
2)4  percent  for  the  large  pulleys,  and  i  per  cent  for  every  1000  yards. 
11  an  excellent  illustrated  account  of  M.  Him's  rope-transmitter,  by  Mr.  H. 
^f  orrison,^  he  states  that  soft  willow  wood  succeeds  best  as  lining  for  the 
e  pulleys.  The  pulleys  were  constructed  successively  of  copper,  hardwood, 
polished  cast  iron,  and  were  also  faced  with  leather,  horn,  india-rubber, 
um-vitae,  and  boxwood ;  but  all  these  materials  failed,  as  the  facings  were 
1  worn  out,  and  when  the  groove  was  of  metal  or  hardwood,  and  did  not 
If  wear,  it  destroyed  the  rope.  The  tension  in  the  upper  rope,  he  says,  is 
double  that  in  the  lower  rope.  The  best  method  of  changing  the  direc- 
of  transmission  of  the  power,  at  any  point  in  its  course,  has  been  found 
experience  to  be  by  the  use  of  bevil-wheels.  Directing  pulleys  are  not  so 
d  for  the  purpose.  For  high  speeds,  the  pulleys  should  be  of  best  cast 
1,  as  iron  pulleys  may  fly  to  pieces  by  centrifugal  force.  Mr.  Morrison 
es  that  the  fine  makes  of  ropes  are  constructed  of  6  strands  of  1 2  wires 
1 — 72  wires  in  all;  and  that  in  America,  the  wires  are  still  finer  and 
er,  and  as  many  as  135  in  number. 

Ictton  Ropes, — Mr.  Ramsbottom,  in  1863,  applied  cotton  ropes  or  cords, 
driving  the  traversing  cranes  at  Crewe  workshops.^  The  cords  are  made 
joft  white  cotton,  f^  inch  in  diameter  when  new,  and  weighing  i  J^  oz. 
foot;  they  soon  become  reduced  to  9/,6  inch  thick  by  stretching,  and  they 
about  eight  months.  They  are,  when  new,  rubbed  over  with  a  little 
)w  and  wax.  The  total  lengths  of  each  of  the  two  cords,  in  three  different 
ps,  are  respectively  800, 320,  and  560  feet  The  pulleys  over  which  they 
passed  are  not  less  than  18  inches  in  diameter,  or  32  diameters  of  the 
i;  and  in  the  first  of  the  above  shops,  alone,  the  cord  makes  from  12 
10  bends  according  to  the  machinery  in  action.  The  groove  of  the 
ing-pulleys  is  V-shaped,  at  an  angle  of  30°,  and  the  cord  is  gripped 
veen  the  inclined  sides.  The  cord  is  supported  at  intervals  of  12  or 
feet  by  flat  slippers  of  chilled  cast  iron. 

Tie  velocity  of  the  cord  is  5000  feet  per  minute;  and  as  some  of  the 
eys  make  1000  ttims  per  minute,  they  require  to  be  perfectly  self-balanced, 

Proceedings  of  the  Institution  of  Mechanical  Engineers^  1874. 

Sec  his  paper  on  the  subject,  in  the  Proc^ings  of  the  Institution  of  Mechanical 

ituers,  1804. 
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in  order  to  run  with  steadiness  and  ease.  In  the  ^overhead  traversers,  te 
total  leverage  is  slightly  over  3000  to  i ;  and  in  lifting  a  load  of  9  tons,  tk 
actual  pull  on  the  rope  is  1 7  It^  A  tightening  stress  on  the  cord  of  109  Ibi, 
applied  by  means  of  a  weighted  pulley,  is  found  to  keep  it  steady,  aad  to 
give  the  required  degree  of  hold  on  the  main  driving-pulley. 

In  the  wheel-shop,  two  dozen  pairs  of  blocks  and  ropes  had  previously 
been  employed,  requiring  a  large  number  of  labourers  to  work  them;  whikt 
now  the  two  traversing  cranes,  with  two  men  to  work  them,  do  the  whok 
work  of  the  shop,  and  it  is  done  much  more  quickly  than  before. 


SHAFTING. 

Shafting  is  subject  to  two  kinds  of  stress: — ^transverse  and  toreional 
The  dimensions  of  shafts  are  settled  by  conditions  of  stiffness,  or  resistance 
to  deflection,  under  the  action  of  either  kind  of  stress. 

Transverse  Deflection  of  Shafts. 

The  deflections  of  cast-iron,  wrought-iron,  and  steel  bars  or  shafts,  loaded 
at  the  middle,  are  given  by  formulas  (8)  and  (10),  page  564;  (5)  and  (6), 
page  590;  and  ( 3  )  and  (  4 ),  page  619.     The  deflection  under  the  same 
weight  uniformly  distributed,  is  f^ths  of  that  under  the  weight  when  placed 
at  the  middle.     Altering  some  of  the  measures,  let 
D  =  the  deflection,  in  inches. 
W  =  the  weight,  in  pounds. 
/=the  length  or  distance  bet\i*een  centres  of  bearings,  in  feet. 
d=  the  diameter  of  the  round  shaft,  in  inches. 
d  =  the  side  of  the  square  shaft,  in  inches. 

The  modified  formulas,  adapted  for  uniformly  distributed  weight,  are 
given  in  two  series;  first,  for  shafts  simply  supported  at  the  ends;  second, 
for  shafts  fixed  at  both  ends,  as  are  continuous  shafts.  In  settling  the 
divisors  for  the  second  series,  it  is  assumed  that  the  deflections  are  one-half 
of  those  of  the  first  series.  The  deflections,  actually,  are  not  so  great  as 
one-half;  and  margin  is  thus  left  for  deflection  arising  from  the  mode  of 
application  of  the  torsional  force,  and  for  the  excess  of  deflection  at  the 
loose  end  of  the  line  of  shafting. 

Transfers^  Deflection  of  Shafts^  under  Uniformly  Distributed  Weight, 

Supported  at  the  ends.     Fixed  at  the  ends. 

Cast-iron  shafts : — Round,  D  = ;- ;  D  = =- ....   (  i  ) 

39,400  d*  79,000  tf*         ^ 

Square,  D  =  -- -;  D  =  — --...  (2) 

^  58,000^*'  116,000^*      ^     ' 

VVrought-iron  shafts :— Round,  D  =  — — — ^;  D  = 1-i — -,...  (3) 

^  66,400//*'  133,000 1/*      ^^' 

Square,  D  = — ;  X)  = —...  (4) 

97*500  ^  195*000  b*      ^     ' 

Steel  shafts:— Round,  D  =  ^^^;       D=    ^  ^'    (s) 

78,800'  158,000  ^^' 

Square,  D  =  -^^;     D=    ^^   (6) 

116,000  232,000 


TRANSVERSE  DEFLECTION   OF  SHAFTS. 


757 


The  working  limit  of  deflection  is  taken  as  V,oo  inch  per  foot  of  length, 

or  of  the  distance  of  bearings;  and  the  limiting  value  of  D  in  inches  is 

I 
By  substitution  of  this  value  for  D ;  and  by  reduction  and  inversion : — 


100 


The  Diameter  and  the  Side  for  the  Limiting  Transverse  Deflection. 

Supported  at  the  ends.     Fixed  at  the  ends. 

Cast-iron  shafts :— Round,  //*  =  — i ;  d*  = 


580 
Wrought-iron  shafts:— Round,  //*=ILi.;  d*  = 


394  790 

Square,  ^♦=—--;  b*  = , 

"   ~  1 160 


664  1330 

Square,  ^*=—;  ^*=^. 
975  1950 

Steel  shafts :— Round,  d* = -1^ :  d^  =  2LL . 

'  788 '  1576 

Square.  d*=^^;  d*  =..^  ^' 


1160 


23.20 


-  (7) 

...  (8) 
...  (9) 

..(10) 

..  (12) 


The  Distributed  Weight  for  the  Limiting  Transverse  Defleetiotu 

Supported  at  both  ends.   Fixed  at  the  ends. 

Cast-iron  shafts :— Round,  W  =  594^*;  w=79^* ( i^  ) 


Square,  W  =  5-^ — 
Wrought-iroa  shafts:— Round,  W=^^l^' 


Square,  W==  215 A' 


W= 


1160^* 


(14) 


Vf^l^ (IS) 

w=imi! (16) 


Steel  shafts:— Round,  W=2^i^*;  W  =  '576</« ^  ^^  ^ 

Square.  W=ii^*;W=£3^* (i8) 

[Overhung  shafts, — When  the  weight  is  overhung  on  a  length  /  from  the 
bearing,  the  deflection  is  approximately  16  or  20  times  the  deflection  as 
found  by  the  above  formulas,  for  the  same  weight,  on  the  same  length,  /, 
when  supported  at  both  ends.] 

Let  the  total  distributed  weight,  including  the  weight  of  the  shaft  with 
wheels  and  pulleys,  and  the  resultant  stresses  of  driving  bands,  be  taken  at 
i^  times  the  weight  of  the  shaft  The  weight,  in  pounds  per  foot,  of  a 
wrought-iron  roimd  shaft,  is  3.33  lbs.  per  square  inch  of  section ;  and  with 
wheels,  &c.,  it  is  (3.33  x  i^  = )  5.83  lbs.  per  square  inch.  In  terms  of  the 
diameter  d,  for  a  length  m  feet  /,  the  gross  weight  W  for  wrought-iron  is 
.7854^' /x  5.83;  for  cast  iron,  in  the  same  way,,  it  is  .7854  ^'/x  5.47; 
and  for  steel,  it  is  .7854  //' /  x  5.95.    Whence: — 
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Gross  Distributed  Weight  of  Round  Shafts  with  Mountings  for  the 

Limiting  Span. 

(Shaft  fixed  at  both  ends.) 

Cast-iron  round  shafts, W  =  4.3o^"/. ( 19) 

Wrought-iron  round  shafts, W=4.58  //'/. ^20^ 

Steel  round  shafts, W  =  4.67^*/. (21) 

Substituting  these  values  of  W,  in  formulas  (13),  (15),  and  (17),  for  the 
shaft  fixed  at  the  ends,  and  reducing: — 

Length  of  Span  for  the  Limiting  Transverse  Deflection  under  the  Gross 

Distributed  Weight. 

(Shaft  fixed  at  both  ends.) 

Cast-iron  round  shafts, /3=i84//';  and /=  w^  184 //*...  (22) 

Wrought-iron  round  shafts,  /'=  290 d^\  and  /=  a/^9° ^'••*  ^  ^3  ) 
Steel  round  shafts, ^'=337  ^'j  and  /=  a/337  d\..  (  24) 

When  the  shaft  is  employed  to  transmit  power  without  giving  oflf  any, 
the  distributed  weight  is  only  that  of  the  shaft  itself.  The  formulas  (22), 
(23),  and  (24)  may  be  adapted  for  the  less  weight  by  increasing  the  coefr 
dents  in  the  ratio  of  i  to  i  J^. 

Length  of  Span  for  tJu  Limiting  Transverse  Deflection  under  the  Net  Weight 

of  the  Shaft  only. 

(Shaft  fixed  at  both  ends. ) 
Cast-iron  round  shafts, /3=s322  d^\  and/=  A/322  d^ ...  (  25  ) 

Wrought-iron  round  shafts,  7^  =  508  d^\  and  /=  a/ 508  d* ...  (  26  ) 

Steel  round  shafts, /^  =  ^gid';  and /=  A/591  ^•...  (27) 

The  length  of  span  under  the  gross  distributed  weight,  is  to  that  under 
the  net  weight  of  the  shaft,  as  i  to  a/ 1.75,  or  as  i  to  1.205,  or  i  to  i  '/s  • 

The  Ultimate  Torsional  Strength  of  Round  Shafts. 

Modifying  formulas  (14),  page  566;  (9),  page  591;  and  (5),  page  620; 
to  express  the  relations  of  the  moment  W'  R,  in  statical  foot-pounds,  being 
the  diameter  in  inches. 

Torsional  Strength  of  Round  Shafts. 

W'R 

For  cast  iron, W'R=  373^^;      d^- ...  (28) 

373 

W'  R 

For  wrought  iron, W'R=   933^^;      d^-^^ — ...  (29) 

933 

For  steel,  tensile  strength  )  ^xr'  t>  jx       ^?    W'  R       /  ^^  \ 

^     '  °      >WR  =  ii20tf^;      d^= ...  (30) 

30  tons  per  sq.  m j  '  1120       v  ^^   ' 
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Torsional  Deflection  of  Round  Shafts. 

The  deflections  of  round  bars  or  shafts  of  cast  iron,  wrought  iron,  and 
steel,  under  torsional  stress,  within  elastic  limits,  are  given  by  formulas  (18), 
page  566;  (14),  page  592;  and  (8),  page  621.  Altering  some  of  the 
measures,  let 

D'  =the  angular  deflection  in  parts  of  a  revolution. 
W'=the  twisting  force,  in  pounds. 
R  =  the  radius  of  the  force,  in  feet. 
W  R=the  moment  of  the  force,  in  statical  foot-pounds. 
/'=the  length  of  the  shaft,  in  feet, 
^^the  diameter  of  the  shaft,  in  inches. 

The  modified  formulas  are  as  follows;  the  coeflicients  are  given  in  the 
nearest  round  numbers. 

Torsional  D^ecHon  of  Round  Shafts, 

Cast-iron  shafts, D^=  ^'^1 (31) 

11,100  </* 

Wrought-iron  shafts, ^'  =  -^-2^ -=- (32  ) 

10,000  fl* 

Steel  shafts, D^=^  ^^    (33) 

34,300^^  ^  ^"^ 

A  torsional  deflection  of  i®,  in  a  length  equal  to  20  diameters  of  the  shaft, 
is  a  good  working  limit  of  deflection ;  that  is,  '/360  th  part  of  a  turn,  or 

.00278  turn,  for  20  diameters.     Now,  for  cast-iron,  W  R  =  — ? — ; 

wrought  iron,  W  R^fMoo.^'.  ^^^^^^  ^.  r^34,30o^^D.  ^^^  ^^^^^_ 

tuting  .00278  for  D',  and  ^^  for  /,  in  these  equations,  and  reducing: — 

12 

The  Working  Moment  of  the  Force^  and  the  Diameter^  for  the  Limiting 

Torsional  Deflection, 

W  "R 

For  cast  h-on, W'R=i8.5^5;    ^'  =  -'V^ (34) 

18.5 

W  R 

For  wrought  iron,    W'R  =  27.7^3;    d^^ ^ (35) 

27.7 

W  "R 

Forsteel, W'R=57.2^3;    ^3=^1.5: (36) 

S7-2 

By  these  convenient  transformations,  the  diameter  is  reduced  to  the  third 
power;  and,  since  the  ultimate  torsional  strength  is  also  in  the  ratio  of  the 
third  power,  the  same  margin  of  strength,  or  factor  of  safety,  is  provided  by 
the  formulas  for  all  diameters.  Comparing  the  coefficients  in  the  foregoing 
fonnulas,  for  the  ultimate  and  the  working  moments,  the  factors  of  safety  are 
found  to  be, — 
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For  cast-iron  round  shafts, -4r^=3ro,  factor  of  safety. 

18.5  ^ 

For  wrought-iron  round  shafts^  .233  s  34,  factor  of  safety. 

27.7 

For  steel  round  shafts, — —  =  ig,^^  factor  of  safety. 

57-2 

The  formulas  (34),  (35),  and  (36)  are  reduced  to  rules  as  follows: — 

Rule  i.  To  find  the  maximum  Torsional  Stress  that  may  he  transmitted 
by  a  shaft y  within  good  working  limits, — Multiply  the  cube  of  the  diameter 
in  inches,  by  18.5  for  cast  iron;  by  27.7  for  wrought  iron;  or  by  57.2  for 
steel     The  product  is  the  torsional  stress  in  statical  foot>pounds. 

Rule  2.  To  find  the  Diameter  of  a  shaft  capable  of  trcmsmitting  a  gjven 
torsional  stress,  within  good  working  limits, — Divide  the  torsional  stress  in 
statical  foot-pounds,  by  18.5  for  cast  iron;  by  27.7  for  wrought  iron;  orbf 
57.2  for  steel.     The  cube-root  of  the  quotient  is  the  diameter  in  inches. 

Note, — The  torsional  stress  is  expressed  by  the  product  of  the  actual 
torsional  force  in  pounds,  by  the  radial  distance  in  feet  at  which  it  is  applied 

Power  that  may  be  Transmitted  by  Round  Shafts,  wtthin 

Good  Working  Limits. 

The  working  moments  of  the  force,  in  statical  foot-pounds,  formulas  (34), 
(35),  and  (36),  are  equivalent  to  as  many  pounds  acting  at  a  radius  of 
I  foot;  and  for  one  turn  of  the  shaft,  the  work  done  b  equivalent  to  the 
product  of  the  moment  by  (2  feet  x  3.1416  = )  6.28: — 

The  Work  for  One  Turn  of  a  Round  Shaft. 

Cast  iron, U=  116  d^ (37) 

Wrought  iron,  U=  i74</^... (38) 

Steel, U  =  359//' (39) 

The  horse-power  developed  is  equal  to  the  work  done  in  one  turn  nniki- 
plied  by  the  speed,  or  number  of  turns  per  minute,  divided  by  33,000: — 

Horse-power  of  a  Round  Shaft, 

Cast  iron, H= =  -7r- (40) 

33,000      285  ^^   ' 

Wrought  iron,  H  =  171^  =  ^ (41) 

33,ooQ       190 

Steel, H.3S9^S^^     ^^ 

33,000  92 

in  which  S  =  the  speed  in  turns  per  minute,  and  H  =  the  horse-power. 

Rule  3.  To  find  the  maximum  Horse-power  cf  a  shaft,  withm  good  work- 
ing limits, — Multiply  the  cube  of  the  diameter  in  inches,  by  the  speed  in 
turns  per  minute;  and  divide  by  285  for  cast  iron,  by  190  for  wrought  iron, 
or  by  92  for  steel.     The  quotient  is  the  horse-power. 

The  following  additional  rules  are  obtained  by  inversion  of  the  formulas 
(40),  (41),  and  (42):— 
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Rule  4.  To  find  the  DiameUr  of  a  shaft  ajfahlc.  'd-ilhin  -ood  working 
limits,  of  traiumitliiig  a  given  horse-power. — Multiply  tlie  horse-power  by  285 
Sot  cast  iron,  by  190  for  wrought  iron,  or  by  92  for  steel;  and  divide  by 
Vfacspeed  in  tums  per  minute.  The  cube-root  of  the  quotient  is  the  diameter 
■tincbcs. 

Rule  5.  Ta  fitid  the  Speed  requirtd  for  transmitting  a  gken  harse-pffarer, 
^>^n  gc»d  working  limits. — Multiply  the  horsepower  by  285  for  cast  iron, 
\j  190  for  wrought  iron,  or  by  92  for  steel;  and  divide  the  product  by  the 
cnbe  of  the  diameter  in  inches.     The  quotient  is  the  speed  in  turns  per 

The  table  No.  266  shows  the  net  weight  of  round  wrought-iron  shafting 
per  lineal  foot,  extracted  from  lable  No.  76,  page  240;  and  the  gross  weight 
per  lineal  foot,  comprising  weight  of  pulleys,  stress  of  belts,  &c.,  taken  at 
1^  times  the  net  weight  of  the  shafting. 

Table  Na  z66. — Weight  of  Round  Wrought-Iron  Shafting. 
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The  table  No.  267  gives  the  torsional  strength  and  horse-power  of  round 
shafts  of  wrought  iron,  within  the  good  working  limits  already  defined,  from 
I  inch  to  20  inches  in  diameter.  The  zd  column,  ultimate  torsional 
resistance  reduced  to  statical  foot-tons,  is  calculated  by  means  of  formula 
(29),  page  758;  the  3d  column,  working  torsional  stress,  is  calculated 
with  formula  (35),  page  759;  the  4th  column,  work  done  for  one  turn,  with 
formula  {38),  page  760;  the  5  th  column,  horse-power  at  the  rate  of  one  turn 
]>er  miDute,  with  formula  (41),  page  760;  the  6th  column,  speed  required 
for  one  horse-power,  contains  the  reciprocals  of  the  values  in  column  5 ;  they 
may  be  calculated  by  rule  5,  above;  the  7th  and  8th  columns,  distance  of 
bearings  and  distributed  weight,  are  calculated  with  formulas  (33)  and  (so), 
page  758;  and  the  gth  column,  distance  of  bearings  under  net  weight,  with 
formula  (26).  Multipliers  for  shafts  of  cast  iron  and  of  steel,  are  subjoined 
to  the  table. 
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Table  No.  267. — Strength  of  Round  Wrought-Ibon  Shaftikg. 
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I^nle.— To  liod  the  correspoDiUnf  values  for  ihafii  of  cut  iroii  udof  ued,  muldplr  tbe  tab 
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Frictional  Resistance  of  Shafting. 

The  frictional  resistance  of  horizontal  shafting  running  on  cylindrical 
joamals,  is  calculable  by  means  of  formulas  (  2  )  and  (  7  ),  pages  725,  726; 
the  coefficient  of  friction,/,  is  determined  by  experiment  M.  Morin*s 
page  722,  show  that  the  coefficient  is  .075  with  ordinaiy  oiling,  and 
with  continuous  oiling. 
The  table  No.  268,  next  page,  is  based  on  the  results  of  extensive  obser- 
-vations  on  the  resistance  of  mill-shafting  in  America,  by  Mr.  S.  Webber,* 
cf  Manchester,  N.H.  Take  the  average  of  his  frictional  coefficients  with 
Aose  of  M.  Morin: — 

Ordinary  Oiling.  Continuous  Oiling. 

M.  Morin's  coefficients,...  .075  042 

Mr.  Webber's  coefficients,  .066  044 


Means, 070  or, '/14th    043  or,  Vajd 

Substituting  these  values  of  the  coefficient  /  in  formulas  (  2  )  and  (  7  ), 
pages  725,  726:— 

Work  Absorbed  by  Friction  for  One  Turn  of  a  Horizontal  Shaft. 

Ordinary  oiling, U  =  .oi82  W^  (43) 

Continuous  oiling, U=.oii2W</  (44) 

Horse-power  Absorbed  by  Friction  of  a  Horizontal  Shaft, 

^,.  .,.  TT         .0182    W^S  W//S  ,  V 

Ordmary  oilmg, »=      ,,  ^^^      ==  t  «oo  o^n  (  ^S  ) 

33,000         1,000,000 

O       iJ  -r  TT      .OII2W</S  W^/S  /     ^\ 

Contmuousomng,...H  = = (46) 

33,000         2,950,000 

U=work  absorbed;  in  foot-pounds. 

W  =  total  weight  of  shafting  and  pulleys,  plus  the  resultant  stress  of  belts, 

in  pounds. 
H  «  horse-power  absorbed. 

d^  diameter  of  journals,  in  inches. 

S=the  number  of  turns  per  minute. 

The  resistance  of  upright  shafting  is  probably  about  three-fourths  of  that 
of  horizontal  shafting: — ^m  the  ratio  of  the  resistance  of  a  cylindrical  pivot 
to  that  of  a  journal. 

Ordinary  Data  for  the  Fesistance  of  Shafting. — Mr.  R.  H.  Tweddell  gives 
the  following  results  of  observations : — 

Indicator  horse-power,  driving  the  shafting  of  a  tool-shop  alone,  6.65 
Do.  do.  resistance  of  steam-engine  alone, 3.51 

Do.  do.  net  power  absorbed  by  shafting  alone, 3.14 

The  shafting  was  300  feet  long,  and  so  consumed  i  horse-power  per  100 
feet  of  length  in  turning  it  The  speed  is  not  stated.  This  resistance  was 
equal  to  from  15  to  17  per  cent  of  the  total  indicator  horse-power,  for 
ordinaiy  fiill  work. 

^  Jaumdt  of  the  Frahklin  Institute^  vol.  Ixviii.,  1874,  p.  261. 
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■<  -^  2 
'^  -3  o 


1 
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Amoskeag  Mills.  Counter- shaft,  Dreyfus 
oilers.    Sperm  and  kerosene  oils  mixed. 

AmoskCt^  Mills.  Four  counter-shafts 
connecied  with  belts.  Same  oils  mixed. 
Amoskeag  Mills.  Single  line.  Same  oiling, 
j  Amoskeag  Mills.  Two  lines  like  above, 
(  connected  with  belts.  Oiling  as  above. 
I  Amoslteag  MiUs.  Three  lines  like  above, 
)  connected  with  belts.  Oiling  as  above, 
Amoskeag  MiUs.     Single  line. 

I  Amoskeag  MiUs.     Single  line.     Lubri- 

f  Amoskeag  Mills.    Single  line.     Oiled  in 
ordinary  way.  daily.     Tallow  in  boxes 
I     as  safegunrd  in  case  of  heating. 
Do.               do.                   do. 

Do.                 do.                     Ao. 
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1 

(  Amoslceag  Mills.  Single  line.  Had  been 
t     oiled  in  the  morning.  Tested  at  1 1  a.m. 

Do.        do.     Testedjust  after  oiling. 
Whittenton  Mills.    Single  line. 
Langdon  Mills.    Singfe  line.    Sprung  in 
centre  by  pull  of  belt. 
Haydensville. 
Salmon  Falls,  N.H.  Single  line.  Tallow 
in  boxes.    Tested  at  noon.  Had  been 
oiled  in  the  morning. 
Salmon  Falls,  N.H.  Single  line.  TaUow 
removed,  and  sponge  saturated  in  oil 
(    substituted.    Tested  at  noon. 

(  Rockport  Mass.  Oiled  daily  in  the  usual 

(  Masconom't  Mills,  Newbury  Port.  Oiled 
\    daily  in  the  usual  manner. 

Paterson,  N.J.     Dreyfus  oilers. 

Granite  Mills,  Fall  River.    Dreyfus  oilers. 
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^6(i  MILL-GEARING. 

Mr.  Westmacott  states  that  1200  feet  of  shafting,  having  an  average 
diameter,  2^  inches,  and  that  had  been  running  for  years,  absorbed 
I  indicator  horse-power  per  100  feet  of  length  to  drive  it  alone — all  belts 
off — at  1 20  turns  per  minute. 

Mr.  B.  Walker  states  that  the  resistance  of  the  shafting  at  the  flax  miDs 
of  Messrs.  Marshall,  Leeds,  with  belts,  absorbed  less  than  lo  per  cent  of 
the  total  indicator  power  of  the  engine.^ 

M.  £.  Cornut  found,  by  careful  experiments,  that,  in  the  flax  mills  at 
Ham6gicourt,  when  all  the  machines  were  at  work,  the  total  pontr 
required  to  drive  the  mill  was  150  indicator  horse-power;  and  the  power 
required  to  drive  the  engine  and  shafting  alone,  was  about  30  indicator 
horse-power,  or  20  per  cent  of  the  total  power.^ 

Mr.  R.  Davison,  about  1842,  tested  the  power  absorbed  by  shafting  at 
Truman,  Hanbury,  and  Buxton's  brewery.  There  were  190  feet  of  hori- 
zontal shafting,  and  80  feet  of  upright  shafting;  total  length,  270  feet,  on 
thirty-four  bearings  having  3300  square  inches  of  area,  together  with  eleven 
pairs  of  spur  and  bevil  wheels,  from  2  to  9  feet  in  diameter.  They  absorbed 
7.65  indicator  horse-power.  The  shafting  had  probably  an  average  diameter 
of  4^  or  5  inches;  and  the  resistance  was  at  the  rate  of  2.73  horse-power 
per  100  feet.     The  speeds  were  not  given.' 

Mr.  Webber,  table  No.  268,  shows  that,  taking  great  lengths  only,  fipom 
0.33  to  0.78  horse-power  per  100  feet  is  absorbed,  with  constant  oiling; 
and  that  from  0.40  horse-power  to  nearly  i)^  horse-power  per  100  feet,— 
averaging  about  i  horse-power  per  100  feet, — is  absorbed  with  ordinary 
oiling. 

Journals  of  Shafts. 

The  journals  or  bearings  of  shafts  should  be  proportioned  with  reference 
to  the  pressure  or  load  to  be  sustained  by  the  journal  and  its  pedestal  The 
simplest  measure  of  the  bearing  capacity  of  a  journal  is  the  product  of  its 
length  by  its  diameter,  in  square  inches;  and  the  axial  area  thus  obtained 
may  be  multiplied  by  a  proper  unit  of  pressure  per  square  inch,  to  give  the 
bearing  capacity.  Sir  Wm.  Fairbaim  and  Mr.  Box  give  instances  of  the 
weights  on  bearings  of  shafts,*  from  which  the  following  deductions  are 
made,  showing  the  pressure  per  square  inch  of  axial  section  of  journal: — 

in.  in.  lbs. 

Fly-wheel  shafts; — ^journal,  18  x  14;  pressure  per  square  inch,  178 

„       II  X    9>^  „  225 

„       ioJ^x8^  „  222 


Average, 208 

lbs.  lbs.  ^  Pressure. 

Link-bearings, 456  to  690 ;  average  per  square  inch, 5  73  lbs. 

Crank-pins, 687  to  1152;  „  „         874 

Mr.  Box  says,  that  the  pressure  on  bearings,  in  most  cases,  should  not 
exceed  500  lbs.  per  square  inch,  measured  on  the  circumference  of  the 
journal,  equivalent  to  750  lbs.  per  square  inch  of  the  axial  section. 

*  Proceedings  of  the  Institution  0/  Mechanical  Engineers,  1874. 

*  Essais  DynamometriqueSf  1 873. 

'  Proceedings  of  the  Institution  of  Civil  Engineers,  1 843. 

*  Mills  and  Millwork,  part  ii  page  73;  Mill-Gearing,  page  52. 
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Dr.  Rankine  ^  gives  the  following  as  ordinary  values  of  the  intensity  of 
lessure  between  a  pair  of  greased  surfaces: — 

Per  iqoare  inch.  Per  square  inch, 

lbs.  lbs.  lbs.  lbs. 

For  journals,  450  to  150  circumferentially,  or  675  to  225  axially 
For  flat  pivots, 2240 

faOst  Sir  Wm.  Fairbaim  limited  the  pressure  on  pivots  to  240  lbs.  per 
{oare  inch. 

The  length  of  the  journals  of  shafts  is  ordinarily  i  J^  times  the  diameter. 
^th  this  proportion,  the  gross  weight  on  the  journals  of  shaftings,  as 
bolated  in  table  No.  267,  varies  from  20  lbs.  per  square  inch  axially,  for 
inch  shafting,  to  about  40  lbs.  for  2-inch  shafting,  and  134  lbs.  per 
[oare  inch  for  a  20-inch  shaft 

Journals  of  Railway  Axles. — The  journals  of  the  axles  of  railway  carriages 
lid  waggons  are  usually  made  with  a  length  equal  to  more  than  twice  the 
ameter.  A  common  size  is  3  J^  inches  diameter  by  8  inches  or  9  inches 
Dg.  With  a  brass  bearing  having  a  width  of  2  J^  inches  measured  on  the 
lord,  the  horizontal  area  of  bearing-surface  is,  for  a  length  of  8  inches 
X2}4  =  )  20  square  inches;  and  a  load  of  6000  lbs.  on  each  journal  is 
piivalent  to  a  pressure  of  300  lbs.  per  square  inch  of  horizontal  area  of 
saiing  surface :  a  satisfactory  proportion. 

Again,  the  proportion  of  the  load  to  the  horizontal  area  of  the  journal 
self,  say  (8x3^  =  )  28  square  inches,  or,  for  a  smaller  diameter,  say, 
;  X  3^  = )  26  square  inches,  averages,  say,  224  lbs.,  or  2  cwts.  per  square 
ch  of  horizontal  section,  or  10  square  inches  per  ton  of  load.  This  is  an 
tlinary  working  proportion,  both  for  carrying  and  for  locomotive  stock.^ 

*  St€am- Engine  and  oihfr  Prime  Movers ^  page  16. 

•  Sec,  on  this  subject,  papers  **  On  the  Construction  of  Railway  Waggons,"  by  Mr.  W. 
.  Browne,  and  on  **  Railway  Rolling  Stock  Capacity,"  bv  Mr.  W.  A.  Adams,  in  the 
roceedings  of  the  Institution  of  Civil  Engineers^  vol.  xlvi.,  I075-76,  pages  81,  100. 
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NORMAL  STANDARDS. 

The  evaporative  efficiency^  or  the  efficiency^  of  a  steam-boiler  is  measured  bf 
the  proportional  quantity  of  the  whole  heat  of  combustion  of  a  given  fiid, 
absorbed  into  the  boiler  and  applied  to  the  conversion  of  water  into  steam. 
Efficiency  is  also  expressed  by  the  weight  of  water  evaporated  by  one  pound 
of  the  fuel,  in  the  s^nse  of  the  French  word  rendement — ^yield;  and,  linr  Ae 
purpose  of  directly  comparing  performances  effected  at  various  pressoio 
and  temperatures,  it  is  customary  to  reduce  them  to  a  nonnal  standard  of 
efficiency,  expressed  by  the  equivalent  weight  of  water  which  would  be  coo- 
verted  into  steam  if  it  were  supplied  to  the  boiler  at  212°  F.  and  evaporated 
at  2 1 2°,  and  of  course  under  one  atmosphere  of  pressure : — ^briefly,  evaporated 
from  and  at  212*'  F. 

The  standard  temperature  of  the  water  as  supplied  to  the  boiler,  is 
sometimes  taken  at  62°  F.,  the  average  ];Latural  temperature  of  cold  water; 
or  at  100°  F.,  which  is  about  the  temperature  of  the  condensing  water  of 
steam-engines. 

The  uniform  standard,  of  water  evaporated  from  and  at  212**,  is  adopted 
in  the  following  discussions. 

Evaporative  rapidity^  or  a^aporative  po7ver^  is  expressed  by  the  quantity  of 
water  evaporated  per  hour  by  a  steam-boiler.  It  may  be  the  total  quantit)' 
of  water,  or  it  may  be  the  quantity  of  water  per  square  foot  of  grate-area, 
or  per  square  foot  or  per  square  yard  of  heating  surface. 

Evaporative  performafice  comprises  both  the  elements,  efficienqr  and 
rapidity;  though  it  is  also  used  to  express  simply  the  evaporative  effidenq 
of  the  boiler,  or  of  the  fuel. 

Let  w  =  the  weight  of  water  evaporated  per  pound  of  a  fuel,  from  water 
supplied  at  the  temperature  /,  into  steam  of  the  total  heat  H,  measured  from 
32°  F.  Let  w\  t\  and  H',  be  any  other  corresponding  values  for  the  same 
expenditure  of  heat.  Then,  the  total  heat  expended  in  evaporating  i  lb. 
of  water  is  H  -H  32  -  /,  or  H '  -H  32  -  /',  and 

«;'=«,H±3i::^ (X) 

H  +32-/'  ^    ' 

Let  H'be  the  total  heat  of  steam  generated  at  212®  F.,  or  1146^  and 
/'  =  212°  F.;  and,  by  substitution  in  formula  ^i),  and  reduction, 

,  H  +  32-/  ,         V 
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in  which  71''  is  the  equivalent  weight  of  water  as  Lva|)orated  from  and  at 
2U'  F. 

Rule. — To  find  i he  equivalef it  weight  of  water  evaporated  from  and  at  212'' F., 
when  a  given  weight  of  water  is  supplied  at  a  given  temperature,  and  tTaporated 
at  a  given  pressure.  Find,  in  table  No.  128,  page  387,  the  total  heat  of  the 
steam  generated  at  the  given  absolute  pressure;  add  32°  to  it,  and  from  the 
sum  subtract  the  temperature  of  the  feed-water;  and  divide  the  remainder 
by  966.  Multiply  the  given  weight  of  water  by  the  quotient  The  product 
is  the  equivalent  weight  of  water  evaporated  from  and  at  212®  F. 

When  the  water  is  to  be  taken  as  evaporated  at  2 1 2^,  but  supplied 

at  /'=  100°  F.,  use  the  divisor  1078,  in  formula  (2) 
at  /'=   62°  F.,  „  1 1 16,  „ 


Heating  Power  of  Fuels. 

The  heating  powers  of  fuels,  treated  in  detail,  in  pages  409  to  458,  are 
collected  for  ready  reference,  in  table  No.  269. 


Table  No.  269. — Heating  Power  of  Fuels. 


No. 


2 

3 

4 

5 

6 

7 
8 

9 

JO 

II 
12 

13 
14 

\l 

18 
^9 


fuel. 


Warlich's  Fuel 

units.  lbs. 

Coal:— Ebbw  Vale,  1848 16,221     16.79 

Powell's  Duffryn,  1848  ...15,715     16.25 
Llangennech,  1848-71....  14,765     15.28 

Average  (best  Welsh)  15,567     16.11 

Haswell  Wallsend  (Newcastle) 

British  coals,  average 

Coke 

Lignite,  perfect 

Asphalte 

Wood,  perfectly  dry 

Do.    25  per  cent,  moisture 

Wood-charcoal,  dry 

Peat,  perfectly  dry 

Do.  25  per  cent,  moisture 

Peat-charcoal,  85  per  cent,  carbon,  dry 

Tan,  perfectly  dry,  15  per  cent,  of  ash 

Do.  30  per  cent,  moisture 

Straw,  15X  per  cent,  moisture 

Petroleum 

Petroleum  oils 

Coal-gas  (mean  of  Ross  and  Harcourt) 


Heating  Power  of  a  Pound 
of  Fuel. 


Units  of 
Heat. 


units. 
16,495 


15,567 
15,502 

14,133 

13,550 
11,678 

16,655 

7,792 

5,56s 

12,696 

9,95 1 
7,156 
12,325 
6,100 
4,284 

5,231 
20,240 

27,531 
34,292 


Water  Eva- 
porated per 
Pound  of  Fuel, 
from  and  at 
F. 


3X2 


lbs. 

17.07 


16. 1 1 

16.04 

14.62. 

14.02 

12.10 

17.24 
8.07 

5.80 

i3'3 
10.30 

7.41 

12.76 

6.31 

444 

5-44 

20.33 

28.50 

35.50 


W 
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EVAPORATIVE   PERFORMANCE  OF   STATIONARY  AND 
MARINE  STEAM-BOILERS,   WITH   COAL. 

The  chemical  history  of  the  combustion  of  coal  in  furnaces  has  been 
briefly  outlined,  page  426.  Regarded  mechanically,  there  are  three  modes 
of  supplying  coal  to  ordinary  furnaces  by  hand-firing,  namely, — first,  spread- 
ing-firing,  in  which  the  charge  of  coal  is  scattered  evenly  over  the  whole 
surface  of  the  grate;  second,  alternate  firing,  in  which  the  coal  is  laid  evenly 
along  half  the  width  of  the  grate  at  a  time,  each  side  alternately;  third, 
coking-firing,  in  which  the  coal  is  thrown  on  to  the  dead-plate  in  front  of  the 
bars  and  left  there  for  a  time,  in  order  that  the  mass  may  become  coked, 
after  which  the  mass  is  pushed  towards  the  bridge,  and  another  charge  is 
thrown  on  to  the  front  of  the  fire  in  its  place. 

The  proportion  of  surplus  air,  the  presence  of  which  is  required  for  the 
combustion  of  coal,  in  ordinary  furnaces,  in  excess  of  the  quantity  which  is 
chemically  consumed,  is  diminished  as  the  rate  of  combustion  is  increased; 
and  the  diminution  of  the  excess  is  one  of  the  reasons  why  the  temperature 
in  the  furnace  rises  as  the  rapidity  of  combustion  is  increased.  The  follow- 
ing are  the  results  of  observations  on  the  proportion  of  surplus  air  admitted 
into  the  furnace,  in  parts  of  the  air  that  was  chemically  consumed : — 

Rate  of  Combustion.  Surplus  Aiil 

Coalper  Square  Foot  of 
urate  per  Hour. 

R.  Hunt,  Cornish  Boilers, ...   2  to  4    lbs 100      percent 

Professor  Johnson,  America,        7         „  100  „ 

Delabeche  and  Playfair, 10  to  16  „  25  to  50        „ 

J.  A.  Longridge,  Newcastle  f  20  lbs.  and  ) 

trials, (       upwards.  )      ^  " 

The  evidence  is  not  sufl^cient  to  settle  the  question;  and  it  is  doubtful 
whether  Mr.  Longridge's  deduction  is  applicable  to  boilers  in  general.  It 
is  very  probable  that  surplus  air  only  ceases  to  be  present  when  the  rates 
of  combustion  are  very  much  higher  than  20  lbs.  per  square  foot 

With  very  slow  and  uniform  rates  of  combustion,  all,  or  nearly  all  the 
air  required,  may  be  drawn  through  the  grate.  If  the  combustion  be 
rapid,  a  considerable  proportion  of  the  air  must  be  introduced  directly  above 
the  fuel,  to  consume  the  gases.  It  was  seen,  page  428,  that,  allowing  a 
total  of  1 40  cubic  feet  of  air,  chemically  consumed  for  the  combustion  of 
one  pound  of  coal  of  average  composition,  36  per  cent,  is  consumed  by  the 
volatilized  portions,  and  64  per  cent,  by  the  fixed  portion,  or  coke.  Mr. 
Longridge  mentions  an  instance  in  which,  with  ordinary  stoking  and  a 
closed  doorway,  dense  smoke  was  given  off,  the  quantity  of  air  that  passed 
through  the  furnace,  exclusively  through  the  grate,  only  amounted  to  100 
cubic  feet  per  pound  of  coal.  This  quantity  was  little  more  than  equal  to 
what  was  sufficient  to  bum  the  fixed  portion  of  the  coal.  The  smoke  M-as 
prevented  when  an  additional  supply  of  air  was  admitted  from  the  doom-ay, 
above  the  fuel. 

Experiments  on  the  Evaporative  Power  of  Coals,  conducted  by 
Messrs.  Delabeche  and  Playfair,  1847-50. 

Referring  to  the  averaged  results  of  performance  of  these  coals,  page  414, 
it  is  well  understood  that  they  were  not  burned  under  the  conditions  most 
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^VDurable  for  each  i-ariety  ofcoaL  Yet  they  thron~  light  on  the  conditions 
of  composition,  which  appear  to  control  the  heat-producing  power  of  coals, 
and  probably  of  wood  and  other  fuels  too.  Neither  the  variations  of  the 
quantity  of  constituent  hydrogen,  nor  those  of  the  carbon,  are  comtnen- 
nrate  with  the  wide  range  of  peifonnancc;  but  it  is  evident  that  the 
n^wrative  perfotmance  decreases  regularly  as  the  oxygen  increases,  thus, — 


OxytUL  [HWDd  at  Co*t 

Patent  fuels a.79  per  cent  9.10  lbs. 

Welsh  coals, 4.15       „  9.05    „ 

Newcastle  coals, 5.69       „  8.37    „ 

Lancashire  coals, 9.53      „  7.94   „ 

Scotch  coals, 9.69      „  7,70   „ 

Derbyshire  and  Yorkshire  coals, 10.28       „  7.58    „ 

Taking  averages,  it  is  seen  that  the  evaporative  efficiency  of  coat  varies 
directly  with  the  quantity  of  constituent  carbon,  and  inversely  with  the 
quantity  of  constituent  oxygen;  and  that  it  varies,  not  so  much  because 
diere  is  more  or  less  carbon,  as,  chiefly,  because  there  is  less  or  more 
oiygen.  The  percentages  of  constituent  hydrogen,  nitrogen,  sulphur,  and 
ash,  taking  averages,  are  nearly  constant,  though  there  are  individual  excep- 
tions, and  their  united  effect,  as  a  whole,  appears  to  be  nearly  constant  alsa 


The  coal  selected  for  trial  was  Hindley  Yard  coal,  from  Traflbrd  Pit, 
which  ranks  with  the  best  coals  of  the  district  Three  stationary  boilers  were 
selected;  ist,  an  ordinary  double-flue  Lancashire  boiler,  7  feet  in  diatneter, 
and  z8  feet  long;  the  flue-tubes  were  2  feet  7j4  inches  in  diameter  inside, 
of  J^-inch  plate,  ad,  Another  Lancashire  boiler  of  the  same  dimensions, 
in  which  the  tubes  were  of  s/^^-inch  steel  [ilate.  3d,  A  Galloway  or  waler- 
tBbe  boiler,  a6  feet  long,  and  6  feet  6  inches  in  diameter;  with  two  furnace- 
tubes  2  feet  7f^  inches  in  diameter,  opening  into  an  oval  flue  5  feet  wide 
by  a  feet  6j^  inches  high,  containing  24  vertical  conical  water-tubes.  The 
first  and  second  boilers  were  new  and  specially  consinicied  for  the  trials; 
the  third  boiler  was  a  second-hand  one.  These  three  boilers  were  set  side 
by  side,  on  side  walls  and  with  two  dampers.  The  flame  passed  through 
the  flue-tubes,  back  under  the  boiler,  then  along  the  sides  to  the  chimney. 
The  chimney  was  loj  feet  high,  above  the  floor;  octagonal,  6  feet  10  inches 
wide  at  the  base,  and  5  feet  wide  at  the  top,  where  the  sectional  area  was 
3 1  square  feet 


;  31.5  square  feet 


'  The  Author  is  indebted  for  iheparticulan  of  these  trials  to  "The  South  Lancashire  and 
Oieiliire  Coal  Association's"  Rtpori  on  tii  Boilir  and  Smoke- PrevrtiHon  Trials,  trndaitcd 
tt  HTgan,  1869.  The  experiments  were  conducted,  and  the  report,  excellently  Teasoned, 
«H  written  t^  Hr.  LaTingtoa  E.  Fletcher. 
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Lancashire.  Galloway. 

Heating  surface,  in  flue-tubes, 464.34  square  feet  431.12  squaiei 

In  external  flues... 303.08         „  288.24        » 


lOI      „ 


Total  surface, ...767.42  „  719-36        „ 

Ratio  of  grate-area,  6  feet  long,  to  Ij^  ^  ^^  ,,  8 

heating  surface, J  -r -r     »» 

^'rSsSe,!'^!^'!!^:.':  }  ^  ^°  36.5     »  X  to  34.3    .. 

Circuit,  or  length  of  heating  sur-  J 

face,  traversed  by  the  draught  >   80  feet  74  feet 

from  the  centre  of  the  grate,   ) 
Total  distance  from  centre  of  grate  1  . .  - 

to  base  of  chimney, j       '     " 

Height  of  chimney  above  level  of  )  r    , 

floor, J 

Height  of  chimney  above  level  of  i  ,  ^^^^     ^^^ 

grates, J  y  :r 

A  Green's  fuel-economizer  was  placed  in  the  main  flue;  it  had  12  ; 
of  4j4-inch  cast-iron  pipes,  8  feet  9  inches  long,  placed  vertically — 84 1 
in  all — having  a  collective  heating  surface  of  850  square  feet,  exclusive  a 
connecting  pipes  at  top  and  bottom.  The  feed-water  was  passed  thn 
the  economizer  on  its  way  to  the  boiler,  and  absorbed  a  portion  oi 
waste  heat 

The  fire-grates  were  tried  at  2  lengths,  6  feet  and  4  feet  The  sb 
grate  gave  the  more  economical  result,  but  it  generated  steam  less  rap 
'Fhree  modes  of  firing  were  tried; — spreading,  coking,  and  alternate  fi 
With  round  coal,  on  the  whole,  the  greatest  duty  was  obtained  by  cc 
firing,  with  the  least  smoke.  With  slack,  alternate-side  firing  had 
advantage. 

Fires  of  different  thicknesses  were  tried :  6  inches,  9  inches,  and  12  in 
It  was  found  that  9  inches  \C2&  better  than  6  inches,  and  12  inches  b 
than  9  inches.  Air  admitted  at  the  bridge  gave  a  slightly  better  i 
than  by  the  door ;  and  the  admission  of  air  in  small  quantity  on  the  a 
system,  prevented  smoke.  The  doors  were  double,  slotted  on  the  out 
and  pierced  \\ith  holes  on  the  inner  side.  The  maximum  area  of  op< 
was  31  ^2  square  inches  for  each  door,  being  at  the  rate  of  2  square  ii 
per  square  foot  for  the  6-feet  grates,  and  3  square  inches  for  the  4 
grates.     The  amount  of  opening  was  regulated  by  a  slide. 

The  standard  fire  adopted  for  trial  was  12  inches  thick,  of  round 
treated  on  the  coking  system,  with  a  little  air  admitted  above  the  grati 
a  minute  or  so  after  charging. 

The  water  was  e\*aporated  under  atmospheric  pressure. 

The  quantity  of  refuse  from  the  Hindley  Yard  coal,  averaged  in  the 
with  the  marine  boiler,  to  be  aften^ards  described,  2.8  per  cent  of  cU 
2.8  per  cent,  of  ash.  and  .8  per  cent  of  soot;  in  all,  6.4  per  cent     Ms 
allowance  for  the  difference  of  soot,  the  total  refuse  may  be  taken,  ii 
trials  of  the  stationarj-  boilers,  at  6  per  cent 

General  Deductions. — The  advantage  of  the  4-feet  grate  over  the  i 
grate,  was  manifested  by  comparative  trials  with  round  coal  1 2  inches  t 
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and  slack  9  inches  thick.  Witli  the  4-fcet  grate,  the  evaporative  efficiency, 
taking  averages,  was  9  per  cent,  greater  than  with  the  6-feet  grate;  though  the 
rapidity  of  evaporation  was  15  per  cent,  less,  at  the  same  time  that  igj4  per 
cent  more  coal  was  burned  per  square  foot  per  hour. 

When  equal  quantities  of  coal  were  burned  per  hour,  the  fires  being 
12  inches  thick,  8  per  cent  more  efficiency  and  12  per  cent  greater 
rapidity  of  evaporation  were  obtained  from  the  shorter  grate.     Thus : — 

Coking  Firing. 

Length  of  grate, 6  feet  4  feet 

State  of  damper, two-thirds  closed,    fully  open. 

Coal  per  hour, 4.0  cwts.  4. 14  cwts. 

Coal  per  square  foot  of  grate  per  hour, 14  lbs.  23  lbs. 

Water  at  100®  evaporated  per  hour, 65  cubic  feet  72.6  cubic  feet 

Water  at  212°  per  pound  of  coal, 10.10  lbs.  10.91  lbs. 

Smoke  per  hour: — 

Very  light, 4.3  minutes.  4.  i  minutes. 

Brown, 0.4         „  0.3         „ 

Black, 0.0         „  0.0         „ 

To  compare  the  performances  with  coking  and  spreading  firing,  having 
12-inch  fires  for  round  coal,  and  9-inch  fires  with  slack : — Whilst,  with  round 
coal,  the  rapidity  of  evaporation  was  the  same  with  both  modes  of  firing, 
the  efficiency  was  firom  3  to  4  per  cent  greater  with  coking.  With  slack, 
on  the  contrary,  the  spreading  fire  evaporated  a  fourth  more  water  per 
hour  than  the  coking  fire,  though  with  4  j^  per  cent  less  efficiency. 

With  thicknesses  of  coking  fire,  6  inches,  9  inches,  and  12  inches,  for 
round  coal;  and  6  inches  and  9  inches  for  slack;  the  results  were  in  all 
tesi>ects  decidedly  in  favour  of  the  thicker  fires  rather  than  the  thinner  fires. 
Comparing  the  thinnest  and  the  thickest  fires,  from  5}^  to  20  per  cent 
more  water  was  evaporated  per  hour  by  the  thickest  fires,  and  from  1 1  to 
18  per  cent  more  per  pound  of  fuel. 

The  effect  of  the  admission  of  air  above  the  grate,  continuously  or 
intermittently,  for  the  prevention  of  smoke,  as  compared  with  that  of  its 
non-admission,  was  ascertained  with  round  coal,  and  with  slack.  The 
averaged  results  showed  that  by  admitting  the  air  above,  the  evaporative 
efficiency  was  increased  7  per  cent. ;  but  that  the  rapidity  of  evaporation 
was  diminished  $}4  per  cent 

Comparing  the  admission  of  air  above  the  fuel  at  the  door,  and  at  the 
l^dge  through  a  perforated  cast-iron  plate;  it  was  found  that  the  admission 
at  the  bridge  made  a  better  performance,  by  about  2j4  per  cent,  than  at 
the  door. 

To  try  the  efiect  of  increasing  the  supply  of  air  above  the  fuel,  the  door- 
frame was  perforated  to  give  an  additional  square  inch  of  air-way  per  fool 
of  grate,  making  up  3  square  inches;  an  allowance  of  i  square  inch  was 
also  provided  at  the  bridge.  Round  coal  was  burned  on  the  coking 
system,  12  inches  thick,  on  6-feet  grates,  with  a  constant  admission  of  air 
aJbove  the  fuel  When  the  supply  by  the  door  was  increased  from  2  inches 
to  3  inches  per  square  foot  of  grate,  the  evaporative  efficiency  fell  off 
854  per  cent,  and  the  rapidity  3  per  cent.  When  an  extra  inch  was 
suppUed  at  the  bridge,  making  up  4  square  inches  per  foot  of  grate,  the 
evaporative  efficiency  only  fell  off  0.65  per  cent,  and  the  rapidity  i  j^  per 
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cent  The  effect  of  this  evidence  is,  that  the  bridge  is  the  better  place  for 
the  admission  of  air,  and  that  if  the  air  be  admitted  by  the  bridge  alone,  the 
area  of  supply  may  be  beneficially  raised  to  4  square  inches  per  scjuare  foot 
of  grate. 

Comparing  the  effect  of  the  admission  of  air  in  a  body,  undivided,  with 
that  of  its  admission  in  streams,  on  a  6-feet  grate,  with  coking  fires 
12  inches  thick  of  round  coal;  there  was  6j^  per  cent  of  loss  of 
efficiency  by  the  admission  in  a  body,  though  the  smoke  was  equally 
well  prevented. 

Mr.  Fletcher  concludes  that  the  greatest  rapidity  of  evaporation  was 
obtained,  when  the  passages  for  the  admission  of  air  above  the  fuel  were 
constantly  closed ;  that  the  next  degree  of  rapidity  was  obtained  when  the}* 
were  open  only  for  a  short  time  after  charging,  and  the  lowest  when  they 
were  kept  open  continuously.  He  also  concludes  that,  whilst,  in  realizing 
the  highest  power  of  a  free-burning  and  gaseous  coal,  smoke  is  prevented; 
yet,  in  realizing  the  highest  power  of  the  boiler,  smoke  is  made. 

In  burning  slack,  smoke  was  prevented  as  successfully  as  in  burning  round 
coal,  though  its  evaporative  efficiency  was  from  i  to  i  ^  lbs.  of  water  per 
pound  of  fuel,  less  than  with  round  coal. 

To  work  out  the  problem  of  firing  slack  without  smoke,  and  without  loss 
of  rapidity  of  evaporation;  trials  were  made  at  the  boilers  of  16  mills,  when 
the  slack  was  fired  on  the  alternate-side  system.  No  alterations  were 
made  in  the  furnaces  in  preparation  for  these  trials;  in  many  instances,  the 
fire-doors  had  no  air-passages  through  them.  The  grates  were  from  3  feet 
7  inches  to  7  feet  long;  they  averaged  6  feet  in  length. 

Number  of  boilers  fired, 65  boilers. 

Slack  burned  per  boiler  per  week  of  60  hours, i7'35  ^ons. 

Slack  per  square  foot  of  grate  per  hour, 1 9-  2  5  lbs. 

Smoke  per  hour: — 

Very  light, 11. 5  minutes. 

Bro  wn , 2.3 

Black, 0.3 


I4.I 


f» 


In  1 2  instances,  no  black  smoke  whatever  was  made.  It  is  said  that  the 
steam  was  as  well  kept  up,  and  the  speed  of  the  engines  as  well  maintained, 
as  before  the  trials  were  made. 

Comparative  Performance  of  the  Stationary  Boilers  at  Wigan. 

There  were  made  altogether  about  two  hundred  and  ninety  trials  with 
the  three  boilers,  of  which  sixty  may  be  regarded  as  comparative  trials 
of  the  boilers.  The  results  of  these  sixty  trials  are  embodied  in  the  table 
No.  270,  page  776.  The  second  part  gives  the  best  results  that  had  been 
obtained  from  each  boiler,  supplied  with  round  coal,  on  the  coking  s)rstem; 
and  with  air  admitted  through  the  doors  for  a  few  minutes  after  charging. 
Suffice  it,  meantime,  to  remark  that  the  performance  of  the  double-flue  boilers 
amounted  practically  to  the  same  as  that  of  the  water-tube  boiler.     Thus, 
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iibt  means  of  the  double-flue  boilers  compare  as  follows  iivith  the  results  of 
Ibe  conical  water-tube  boiler: — 

Averages  of  Sixty  Trials,  without  Economizer — 

Water  at  xcx>*  consumed  Water  at  aia* 

per  hour.  per  lb.  of  coal. 

Double-flue  boilers, 79.65  cubic  feet  10.31  lbs. 

Conical  water-tube  boiler, 78.95         „  10.34,, 

Best  Results  obtained: — without  Economizer — 

Double-flue  boilers, 81.92         „  10.86 

Conical  water-tube  boiler, 79- '  7         »»  10.58 

Nrm  Economizer — 

Double-flue  boilers, 90.72         „  11.56 

Conical  water-tube  boilers, 86.3 1         „  11.82 


>» 
>> 


In  doing  the  same  work,  it  is  to  be  noted  that  the  water-tube  boiler  was 
r  feet  shorter,  and  6  inches  less  in  diameter,  than  the  double-flue;  and  that 
t  had  48  square  feet,  or  6  per  cent,  less  area  of  heating  surface. 

A  trial  was  made  with  the  object  of  testing  the  comparative  merits  of  the 
)lain  double-flue  and  the  water-tube  flue,  by  shutting  off"  the  draught  from  the 
sternal  flues,  and  leading  it  direct  from  the  internal  flues  to  the  chimney, 
irith  the  following  results  (grates  6  feet  long,  coking  firing,  12  inches 
iiick) : — 

iVlTHOUT  Economizer —  water  at  loo-  consumed  Water  at  aia* 

per  hour.  per  lb.  of  coaL 

Iron  double-flues, 82. 97  cubic  feet  8.23  lbs. 

Water-tube  flue, 80.00        „  8.50,, 

With  Economizer — 

Iron  double-flues, 98.85         „  10.08  „ 

Water-tube  flue, 89.08        „  10.16  „ 

Showing  that  the  double  flues,  having  ^^  square  feet,  or  nearly  8  per  cent 
more  heating  surface  than  the  water-tube  flue,  evaporated  more  water  per 
loor,  but  with  rather  less  eflSdency  than  the  water-tube  flue. 

The  evaporative  power  of  the  boilers  was  rather  increased  than  diminished 
yy  the  closing  of  the  external  flues,  though  there  was  a  sacrifice  of  evaporative 
rfficiency. 

Water-tubes, — Four  water-tubes  were  inserted  in  each  flue  of  the  iron-flue 
xnler,  5^  inches  in  diameter  inside,  and  2  feet  7^  inches  long,  making  an 
iddition  of  30  square  feet,  or  6^  per  cent,  to  the  flue  heating  surface,  or 
I  per  cent  of  the  total  heating  surface.  The  result  of  the  insertion  showed 
xjiial  rapidity  of  evaporation,  and  a  gain  of  3  per  cent  in  eflficiency ;  ai 
oDows: — 

Water  ai  foo*  Waur  at  ti«*  f, 

cooauned  per  hour.  per  po«M4  of  otil. 

Without  water-tubes, 91-15  cubic  feet     10.43  1^ 

With  water-tubes, 91.12        „  ,..,..     10,77  n 
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Green's  Fuel-Economizer, — From  the  average  results  of  various  compara- 
tive trials,  burning  round  coal  and  slack,  and  with  coking  firing,  on  6-feet 
and  4-fect  grates,  it  appeared  that,  buming  equal  quantities  of  coal  per  hour, 
the  rapidity  of  evaporation  was  increased  9.3  per  cent,  and  the  efficienqr 
10  per  cent.,  by  the  addition  of  the  economizer. 

Temperature  of  the  Products  of  Combustion,  and  of  the  Feed-water,  when 
the  tvater  is  passed  through  the  Economizer,     Average  results : — 


With  6-fcet  Grate. 
Before.  After. 


With  4-feet  Grate. 
Before.         After. 


Temperature  of  gases  in  the  flues  before  1  ^  q< 
and  after  traversing  the  economizer,  j    ^^ 
Temperature  of  the  feed-water, 47 


340 
157 


501 
41 


312 
137 


With 

4-feecGfate. 

12 

9 

6 

^^. 

24 

24 

72.8 

70.7 

61.7 

10.90 

9-95 

9.21 

505^ 

4S1" 

445' 

2.8 

0.4 

0.0 

0.1 

0.0 

0.0 

ao 

0.0 

ao 

Whence  it  follows  thai,  to  raise  the  temperature  of  the  feed-water  through 
100°  F.,  the  gases  were  cooled  down  through  an  average  of  250*  F. 

Tetnperature  of  the  Products  of  Combustion,  without  the  Economizer, — ^The 
variations  to  which  the  temperature  of  the  escaping  gases  is  subject,  are 
illustrated  in  the  annexed  statement,  showing  the  temperature  with  different 
thicknesses  of  fire,  burning  round  coal  with  coking  firing,  without  the 
economizer. 

Round  Coal.  With  6-feet  Grate. 

Thickness  of  fires, inches  12  9  6 

Coal  per  foot  of  grate  per  hour,... pounds  19  20  20 

Waterat  1 00°  evaporated  per  hour,  cu.  feet  85.7  85.5  81.2 

Water  at  2 1 2°  per  pound  of  coal,  pounds  10.12  9.70  9.16 

Temperature  in  chimncy-flue, 630°  556  539* 

Smoke  per  hour- 
Very  light, minutes  2.0  0.0  0.5 

Brown, minutes  0.4  0.0  o.i 

Black, minutes  0.0  0.0  0.0 

It  is  shown  that  the  temperature  in  the  chimney  flue  is  lower  with  the  4-feet 
grate,  than  with  the  6-feet  grate;  it  averages  107°  lower,  and  correspond- 
ingly, the  evaporative  efficiency  averages  higher.  But,  with  the  same  grate, 
both  the  evaporative  eflPiciency  and  the  temperature  become  less  widi  the 
thinner  fire,  due,  no  doubt,  as  Mr.  Fletcher  points  out,  to  the  passage  of  a 
greater  surplus  of  air  through  the  thinner  fire. 

Volume  of  Air  Supply  and  Products  of  Combustion. — The  volume  of  air 
entering  the  ash-pit  and  passing  through  the  grate,  when  the  doors  were 
closed,  was  found,  by  means  of  Biram's  anemometer,  to  be,  for  grates 
4  feet  long,  with  fires  9  inches  thick,  from  245  to  250  cubic  feet  per  pound 
of  coal  burned ;  the  average  velocity  of  entrance  into  the  ash-pit,  which  was 
2  feet  square,  having  been  observed  to  be  9.3  feet  per  second.  As  the 
composition  of  the  coals  has  not  been  given,  it  may  only  be  assumed 
roughly,  that  the  coal  chemically  consumed  140  cubic  feet  of  air  for  the 
combustion  of  one  pound;  and,  if  the  above-noted  quantities  of  air  supplied 
be  exact,  it  would  follow  that  a  surplus  of  air  amounting  to  from  75  to 
80  per  cent,  was  present.  This  is  questionable,  and  it  is  probable,  in  the 
scarcity  of  data,  that  the  observations  for  velocity  were  made  at  the  centre 
of  the  draught- way,  where  the  velocity  was  a  maximum,  and  that  no  correction 
was  made  for  the  inferior  velocities  at  other  parts  of  the  section. 
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From  ail  analysis  of  the  products  of  combustion  in  the  chimney,  it 
a^jpeared  that  there  was  no  appreciable  quantity  of  carbonic  oxide  present 

Trials  under  Steam  of  more  than  one  Atmosphere  of  Pressure, — As  the 
experiments  at  Wigan  were  made  under  one  atmosphere  of  pressure,  a  few 
trials  were  made  under  an  effective  pressure  of  40  lbs.  per  square  inch,  with 
the  following  comparative  results : — 


At  atmospheric 
pressure. 


Water  at  100°  evaporated  per  hour,  cubic  feet,      83.6 
Water  at  212°  per  pound  of  coal,  pounds,  10.76 


At  40  lbs. 
per  square  inch. 

80.4 
9.53 


showing  a  reduction  of  i  ^  pounds  of  water  in  evaporative  efficiency,  at  the 
higher  pressure,  which  is  more  or  less  accounted  for,  first,  by  the  greater 
total  heat  of  steam  at  the  higher  pressure,  requiring  more  fuel-heat  for  its 
formation;  secondly,  by  the  higher  temperature  of  the  water  in  the  boiler 
at  the  higher  pressure,  which  would  to  some  extent  check  the  absorption  of 
the  last  portions  of  heat  from  the  gases  before  they  escaped  into  the  chimney- 
flue.     Still,  the  difference  is  excessive. 

Trials  with  D,  K,  Clark's  Steam-induction  Apparatus  for  the  Prevention 
of  Smoke, — In  Clark's  smoke-preventer,  the  air  was  admitted  through  the 
door,  regulated  in  quantity  by  a  flap-valve,  and  deflected  upwards  upon  an 
air-plate  placed  across  the  furnace  above  the  dead-plate,  and  against  the 
furnace-front  Steam  from  an  auxiliary  boiler  was  conducted  by  a  pipe 
above  the  air-plate,  and  was  discharged  in  four  jets  over  the  fire,  towards 
the  bridge.  In  passing  over  and  beyond  the  edge  of  the  air-plate,  the 
steam  induced  the  air  which  passed  forward  from  the  door  under  the  air- 
plate,  and  carried  it  onward  above  the  fire — thus  forcibly  mingling  it  with 
the  combustible  gases,  and  at  the  same  time  increasing  the  draught 

The  trials  were  made*  in  three  ways — ist,  with  the  jets  and  the  air-valves 
constantly  open;  2d,  with  the  jets  and  the  air-valves  open  for  a  minute  or 
so  only,  after  each  charge;  3d,  with  the  jets  constantly  open,  while  the  air- 
valves  were  closed.  It  was  found  that,  when  the  jets  were  constantly  open, 
the  quantity  of  steam  consumed  from  the  auxiliary  boiler  to  supply  them 
amounted  to  one-thirtieth  of  the  cjuantity  of  water  evaporated. 

The  following  are  the  comparative  results  of  performance  on  6-feet 
grates,  with  the  steam-inductor,  and  with  the  ordinary  fire-door  and  the  split 
bridge.  The  jets  and  air-valves  of  the  steam-inductor  were  open  for  a 
minute  or  so  only  after  each  charge;  and,  taking  the  interval  between  the 
charges  at  fifteen  minutes,  it  is  evident  that  the  quantity  of  steam  consumed 
by  the  nozzles  was  insignificant: — 

Without 
Economizer. 
Round  Coal,  6-feet  Grate ;  Firing,  za  inches  thick.  Coking. Spreading. 

Coal  per  sq.  foot  of  grate  per  hour,  steam  inductor,  pounds,  1 8.77    23.86 
Waterat  .oo-perhour,  j  lEJjS:'.::::::""'':/"''  gi^?  '86!^ 

Watcrat  .„'  per  pound  coal,  j  S^S;'  T'"  lag  Vl^ 

Smoke  per  hour,  ordinary  door — 

Very  light, minutes,    3.1  5.3 

Brown, „  0.8  4.9 

Black, „         0.0  3.3 


With 
Economizer. 

Coking. 

18.20 

9'77 
99.88 

II. 15 
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Without 
Eooooouxer. 
Slack,  6  feet  Grate ;  Firing,  9  inches  thick.  Coking.  Spreading. 

Coal  per  sq.  foot  of  grate  per  hour,  steam-inductor,  pounds,  1 8.7        — 

waterat  ioo»perhour,  j  s^tot'.:::::::^"'':/^ til  - 

Waterat.i2"perpoundcoal,|J--;»,^-^^^^  9g      - 

Smoke  per  hour,  ordinary  door — 

Very  light, minutes,  0.2  — 

Brown, „  0.0  — 

Black, „  ao  — ■ 


With 


2a7 
101.0Q 

7i.5« 
ia65 

9.23 

ao 
ao 
ao 


It  is  shown  that,  with  round  coal  and  coking  firing,  there  was  no  advantage 
by  the  steam-inductor,  except  in  reducing  the  smoke,  whilst  the  evaporatkm 
was  rather  less  rapid  than  with  the  ordinary  door;  but  that,  with  spreadii^ 
firing,  the  evaporation  was  more  rapid  by  1 7  per  cent  With  slack,  the 
evaporation  was  decidedly  superior,  both  in  rapidity  and  efficiency,  with  the 
steam-inductor. 

Trials  with  Self-feeding  Fire-grates  ( Vicar^  System), — The  fire-bars  are 
impressed  with  a  slow  reciprocating  movement,  the  eflfect  of  which  is  to 
cause  the  fuel  to  travel  gradually  and  steadily  fi*om  the  front  to  the  back. 

The  comparative  performances  of  Vicars*  grate  and  the  ordinaiy  grate, 
are  shown  by  the  subjoined  results: — 

Roi7ND  Coal,  4-feet  Grate. 

waterat  .cx>»perhour,  {  "^^^f^^  ^-»'  «jg 
Waterat  ..."  per  pound  coal,  j  '^^^'-f^'  -'I 

Slack,  length  of  Grate,  4  feet 

i  Vicars'  grate,.... cubic  feet,  64.95 
Water  at  100°  per  hour,  <  coking  firing,....        „         60.72 

(spreading,,     ...         „  77.72 

i  Vicars' grate,  pounds,    9.82 

Water  at  212°  per  pound  coal,  <  coking  firing,      „         9.58 

( spreading  „         „         8.94 


6  feet 

Wtth 
Economiier 

77.94 
67.56 

78.97 
71.58 

952 
8.88 

10.56 
9.23 

It  is  seen  that,  with  slack.  Vicars*  grate  had  the  advantage  both  in  rapidity 
and  efficiency  of  evaporation  over  hand-firing  coking,  and  that  it  also 
evaporated  more  rapidly  with  round  coal,  but  less  efficiently;  though,  if  the 
rapidity  had  been  the  same,  the  efficiency  would  probably  also  have  been 
the  same.  Compared  with  spreading  firing,  Vicars*  grate  was  superior  in 
evaporative  efficiency  as  well  as  in  the  prevention  of  smoke,  though  it  did 
not  evaporate  so  rapidly. 

In  burning  large  quantities  of  coal  continuously  on  Vicars'  grate,  the 
rapidity  of  evaporation  fell  off  in  the  longer  trials,  and  to  some  extent  also 
the  efficiency.  The  6-feet  grates  were  very  little  behind  the  4-feet  grates  in 
efficiency. 

Comparative  Performance  in  Calm  and  JVindy  WecUher, — A  high  wind 
invariably  increased  the  performance.  The  average  results  under  all  con- 
ditions showed  that  10  per  cent,  more  coal  and  12  per  cent  more  water 
were  consumed,  and  that  the  evaporative  efficiency  was  increased  4.4  per 
cent. 


MARINE  BOILER  AT   WIGAN.  78 1 

Omtparative  Performance  when  the  Natural  Draught  was  increased  by  the 
m'd  of  an  Auxiliary  Furnace, — An  auxiliary  furnace  was  put  in  action  at  the 
bottom  of  the  chimney,  so  as  to  increase  the  draught.  The  effect,  taking  the 
mean  of  a  number  of  trials,  was  to  raise  the  rapidity  of  evaporation  from  72.96 
to  84.09  cubic  feet  of  water  at  100°,  per  hour,  whilst  the  water  evaporated 
per  pound  of  fuel  was  raised  from  10.77  to  10.81  pounds.  The  mean 
efficiency,  thus  slightly  raised,  was  in  fact  an  average  of  two  opposite  effects; 
for,  with  round  coal,  the  efficiency  was  reduced,  whilst  with  slack  it  was 
increased,  by  the  additional  draught. 

Mr.  Fletcher's  Conclusiofis, — Mr.  Fletcher  draws  the  following  conclusions 
from  the  experiments  on  stationary  boilers  at  Wigan: — ist.  That  the  coals  of 
the  South  Lancashire  and  Cheshire  district,  though  of  a  bituminous  and 
free-burning  character,  can  be  economically  burned  in  the  ordinary  class  of 
mill-boiler,  without  smoke.  2d.  That  the  double-flue  Lancashire  boiler, 
whether  with  steel  or  iron  flues,  and  the  Galloway,  or  water-tube  boiler,  are 
practically  equal  in  performance;  and  that  both  of  them  develop,  when 
suitably  set  and  fired,  high  economic  results.  3d.  That  external  brickwork 
flues,  though  adding  but  little  to  the  yield  of  steam,  save  fuel.  4th.  That 
the  addition  of  a  feed-water  heater  or  economizer  is  a  decided  advantage, 
not  only  in  increasing  the  yield  of  steam,  but  also  in  diminishing  the  annual 
cost  of  boiler  repairs  and  coal. 

Evaporative  Performance  of  South  Lancashire  and  Cheshire 
Coals,  in  a  Marine  Boiler,  at  Wigan.     1866-68.^ 

The  marine-boiler  was  a  copy  of  the  test-boiler  at  Keyham  Dockyard. 
The  shell  was  rectangular,  5  feet  wide,  for  two  furnaces,  7  feet  8  inches 
long,  and  8  feet  10  inches  high.  The  furnaces  were  i  foot  8f^  inches  wide, 
2  feet  8^  inches  high  at  the  front,  rising  to  3  feet  high  at  the  back,  and 
6  feet  deep  from  front  to  back  or  tube  plate.  There  were  124  flue-tubes, 
2^  inches  in  diameter  inside,  and  5  feet  long,  placed  at  a  pitch  of  3^ 
inches  from  centre  to  centre.  The  chimney  was  18  inches  in  diameter, 
and  52  feet  8  inches  high  above  the  boiler,  or  59  feet  8  inches  above  the 
level  of  the  grates.  The  proportions  of  furnaces  which  were  finally  adopted, 
after  many  preliminary  trials,  were  as  follows: — Dead-plate,  10  inches  long, 
16  inches  below  the  crown  of  the  furnace;  grates,  3  feet  long,  inclined 
y^  inch  to  a  foot;  bars,  ^  inch  thick,  air-spaces  ^  inch;  bridge  built  up 
to  a  level  9  inches  below  the  crown,  and  9^^  inches  above  the  grate.  The 
fire-doors  were  fitted  with  a  sliding  grid  for  the  admission  of  air  into  a 
perforated  box  inside  the  door.  In  the  first  instance,  there  were  730  perfora- 
tions, giving  an  area  of  33  square  inches,  or  3.2  inches  per  square  foot  of  grate. 
They  were  afterwards  reduced  to  342  in  number,  16)^  square  inches  in 
area,  or  i.6  inch  per  foot  of  grate. 

During  the  preliminary  experiments,  it  was  found  of  advantage  to  reduce 
the  length  of  grate  from  4  feet  to  3  feet,  to  adopt  a  blind  dead-plate  in 
preference  to  a  perforated  one,  and  to  slightly  lower  the  grate.  Fires 
of  6  inches,  9  inches,  12  inches,  and  14  inches  in  thickness  were  tried; 
the  greater  the  thickness  the  better  was  the  performance.  The  firing  was 
tried  on  the  spreading  and  on  the  coking  systems. 

*  The  author  is  indebted  for  the  particulars  of  these  trials  to  Mr.  Lavington  E.  Fletcher^s 
Report.     See  Dote,  page  771. 


782  EVAPORATIVE  PERFORMANCE  OF  STEAM-BOILERS. 

Coking-firing  was  adopted  as  the  standard  method,  with  fires  of  14  inches 
and  1 2  inches  thickness.  The  furnaces  were  charged  alternately,  and  the 
entrance  for  air  through  the  door  was  allowed  to  remain  open  for  a  few 
minutes  after  each  charge  was  delivered,  for  the  prevention  of  smoke.  For 
each  trial,  1000  lbs.  of  round  coal  was  consumed,  lasting  3  hours  27 
minutes  as  an  average;  average  rate  of  consumption,  290  lbs.  per  hour, 
or  28  lbs.  per  square  foot  of  grate  per  hour.  The  feed-water  was  supplied 
at  ordinary  temperatures.  The  steam  was  generated  under  one  atmosphere 
of  pressure,  and  escaped  direct  into  the  air. 

Total  grate-area, 10.3  square  feet. 

Total  heating  surface : — 

Plate,  above  the  grate, ....     95  square  feet. 

Tubes,  outside  surface, .. .  413         „  508  „ 


Ratio  of  grate-area  to  heating  surface,  say  i  to  50. 

For  some  trials,  an  inverted  bridge  was  added  at  the  back  of  the  furnace, 
9  inches  clear  of  the  first  bridge.  By  thwarting  the  current,  it  was  instru- 
mental in  preventing  smoke,  and  in  slightly  increasing  the  evaporative 
efficiency, — by  1.7  per  cent ;  though  at  a  loss  of  7}^  per  cent,  of  evaporative 
rapidity. 

The  14-inch  fire  excelled  the  9-inch  fire,  burning  coal  at  the  rate  of  2  7  lbs. 
per  square  foot,  by  7^  per  cent,  for  rapidity  and  efficiency  of  evaporation. 

Comparing  the  coking  and  the  spreading  systems,  there  was  6^  percent 
gain  by  the  coking  system  in  efficiency,  with  a  loss  of  10  per  cent  in 
rapidity.  When  air  was  shut  off  at  the  doorway,  the  smoke-making  was 
accompanied  by  4  per  cent  loss  of  efficiency,  with  a  small  advance  of  i}^ 
per  cent,  of  rapidity. 

When  the  trials  were  prolonged,  to  burn  1500  lbs.  of  coal,  as  against  the 
standard  of  1000  lbs.,  the  rate  of  consumption  of  fuel  was  i  lb.  more  per 
square  foot  per  hour,  and  of  water  2^  per  cent,  less;  the  average  efficiency 
was  reduced  5  per  cent 

Table  No.  2  7 1  shows  the  general  results  arrived  at  by  Messrs.  Richardson 
and  Fletcher,  compiled  from  the  Report  of  Mr.  Fletcher.  The  vacuum 
in  the  chimney  [at  the  base,  probably]  was  observed  to  vary  from  ^i  inch 
to  fully  7/j6  inch  of  water;  and  in  the  flame-box  from  }(  inch  to  fully 
s  /,6  inch.  The  fires  were  maintained  at  14  inches  thick,  and  the  coal  was 
stoked,  on  the  coking  plan,  in  charges  of  from  29  to  38  lbs.,  at  intervals 
of  from  II  to  17  minutes.  The  perforations  in  the  fire-doors  were  opened 
intermittently,  and  the  doors  were  opened  a  little,  occasionally,  after  firing. 
Each  trial  lasted  for  from  3  to  4  hours.  The  quantity  of  ash  varied  from 
I  ^^  to  7  per  cent,  and  of  clinker  from  0.6  to  3  per  cent 

From  the  table,  it  appears  that  the  quantity  of  water  evaporated  varied 
from  44.12  to  51.63  cubic  feet  per  hour,  at  the  rate  of  from  10.37  to 
12.54  lbs.,  at  212°  per  pound  of  coal,  averaging  11.54  lbs.;  and  that  the 
coal  was  burned  at  the  rate  of  from  25)^  to  31^  lbs.  per  square  foot 
of  grate  per  hour.  The  duration  of  the  smoke,  which  was  very  light,  varied 
from  0.2  to  6  minutes  per  hour;  the  mean  duration  was  2.4  minutes  in 
the  hour. 

A  mixture  of  Hindley  Yard  coal  and  Welsh  coal-dust,  in  the  proportion 
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of  2  to  I,  was  tried,  and  the  results  are  given  in  the  table,  showing  an 
mporadon  of  n.83  lbs.  of  water  per  pound  of  the  fuel,  and  at  the  rate  of 
41.38  cubic  feet  per  hour. 


Table  No.  271. — South  Lancashire  and  Cheshire  Coals — Results 
OF  Trials  in  a  Marine  Boiler  at  Wigan.     1866-68. 

(Compiled  from  the  Report  of  Mr.  Lavington  E.  Fletcher  to  the  Association 
for  the  Prevention  of  Steam-Boiler  Explosions.) 

Total  area  of  fire-grates,  10.3  square  feet. 


Coal. 


( 


First  Series  of  Trials. 

Hindley  Yard 

Worsley  Top  Four  Feet 

Upper  Crumbouke 

Lower  Crumbouke 

Upper  Three  Yards 

Six  Feet  Rams 

Great  .Seven  Feet 

Blackrod  Yard  

Pembcrton  Four  Feet 

Haigh  Yard 

Furnace  Mine 

Bickerstaffe  Four  Feet 

Rushy  Park  and  Little  Delf,  mixed 

Ince  mixed 

Arley  Mine 

Average  results  of  15  samples  ) 
of  coal j 

Mixture  of  2  Hindley  Yard  coal  ) 
and  I  Welsh  coal-dust \ 


Coal  Con- 
sumed 
per 
Hour. 


cwt. 

2.32 
2.88 
2.64 

2.43 
2.48 

2.44 

2.04 
2.35 

2.66 

2.54 
2.80 

2.63 

2.26 


Coal  per 
Square 
Foot  of 

Grate  per 
Hour. 


2.55 


2.21 


lbs. 

25.24 

31.36 
28.74 
26.41 
27.00 
26.50 
29.71 
25.14 
3087 

25.53 
28.93 

27.67 

30.29 

28.64 

24.46 


27.63 


Water 
Con- 
sumed 
from  100' 
per  Hour. 


cub.  feet. 

46.17 
48.50 

48.13 

48.60 

46.26 

44.35 
51-34 
45.37 
51.63 

47.38 

44-49 
45.28 

50.67 

46.52 
44.12 


Water  per 
Scjuare 
Foot  of 

Grate  per 
Hour. 


24.00 


47.25 


41.38 


cub.  feet. 

4.48 

3-04 
4.67 

4.72 
4.49 

43' 

4.98 

4.40 

5.01 
4.60 

4.32 
4.40 

4.92 
4.51 

4.28 


Water 
Evapor- 
ated from 
213'  per 
Pound  of 
Coal. 


4.59 


4.02 


5 


lbs. 

12.39 
10.37 
II. 31 

12.45 
11.60 

11.34 
II. 71 

12.18 

II. 31 

12.54 

10.40 

11.08 

11.29 

10.99 

12.18 


Smoke 
Hour. 


minutes. 

very  light 
0.2 
4.0 

1.8 

3-3 
2.0 

5.9 
2.4 

2.9 

0.5 
1.4 

0.0 

4-3 
1.6 

0.4 


"54  ;      2.4 


11.83 


0.0 


Note. — The  quantities  in  column  6  have  been  recalculated. — D.  K,  C. 

The  effect  of  reducing  the  flue-surface  was  tried  by  plugging  up  one-half 
of  the  number  of  flue-tubes,  in  alternate  diagonal  rows,  so  that  the  tube- 
surface  was  reduced  by  206.5  square  feet.  The  comparative  results  obtained 
with  1 2-inch  fires  were  as  follows : — 

Flue-tubcs 
all  open. 

Coal  per  square  foot  of  grate  per  hour, lbs.,  2  5 

Water  at  ioo°  evaporated  per  hour, cubic  feet,  45.78 

Water  per  pound  of  coal,  as  supplied  at  212°,        lbs.,  12.41 
Smoke  per  hour — very  light, minutes,     2.8 


Half  the  Tubes 
plugged  up. 

24 

43-OI 
12.23 

8.0 


Showing  that  with  half  the  tubes,  the  performance  was  nearly  as  good  as 
with  them  all  open. 
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Messrs.  Nicoll  &  Lynn,  for  the  Board  of  Admiralty,  made  two  mcfe. 
pendent  series  of  trials  of  the  South  Lancashire  and  Cheshire  coals;  in  ^ 
second  of  which  the  draught  was  increased  by  a  steam-jet  from  a  neighbouinig 
boiler.  The  average  results  of  these  trials  are  placed  beside  those  (rf  Mr. 
Fletcher's  trials  in  the  annexed  table,  No.  272. 

Table  No.  272. — South  Lancashire  and  Cheshire  Coals — Summary 
Results  of  Performance  in  the  Wigan  Marine  Boiler, 

In  three  series  of  triab,  by  Messrs.  Richardson  &  Fletcher,  and  by 

Messrs.  Nicoll  &  Lynn. 


Particulars. 

Trials  by 

Messrs. 

Richardson 

and 
Fletcher. 

Trials  of  Messrs.  Nicoll 
and  Lynn. 

Without  Jet. 

With  jet 

Area  of  fire-grate, square  feet 

10.3 

10.3 

ia3 

Coal  per  hour, cwt. 

Coal  per  sq.  foot  of  grate  per  hour, lbs. 

2.55 
27.63 

2.53 
27.50 

3-70 
41.25 

Water  from  100°  per  hour, cubic  feet 

Water  per  sq.  foot  of  grate  per  hour,       „ 
Water  from  212°,  per  pound  of  coal, lbs. 

47.25 

4.59 
11.54 

48.30 

4.69 

11.92 

69.13 

671 

11.36 

Duration  of  smoke,  in  the  hour, ) 

very  light, ,\       '"^'^^^^^ 

2.4 

I.I 

ao 

Trials  of  Newcastle  and  Welsh  Coals  in  the  Wigan 

Marine  Boiler. 

A  mixture  of  Davidson's  Hartley  and  Hasting's  Hartley  (Newcastle 
coals),  and  a  mixture  of  Powell's  Duffryn,  Nixon's  Navigation,  and  Davis's 
Abercwomboy  (Welsh),  were  tried  in  the  Wigan  boiler — being  the  same  as 
some  coals  that  had  been  tried  at  Keyham  Dockyard  in  1863.  The  general 
results  of  the  trials  are,  for  comparison,  placed  together  with  those  of  the 
South  Lancashire  and  Cheshire  coals,  thus: — 

Table  No.  273. — Newcastle  and  other  Coals: — Comparative 
Results  of  Evaporative  Performance. 


Coals. 


Newcastle, 

Welsh, 

South  Lancashire  and  Cheshire  : — 

Average, , 

Highest  evaporative  efficiency  ) 

(Haigh  Yard), ( 

Lowest  evaporative  efficiency  ) 
(W^orsley  Top  Four  Feet),  ) 


Coal  per  Square 

Foot  of  Grate 

per  Hour. 


Water  at  xoo* 
per  Hour. 


lbs. 
28.83 
26.20 

27.63 

25-53 
31.36 


cubic  feet. 

51.33 
48.60 

47.25 
47.38 

48.50 


Water  at  iis* 

per  lb.  of  Goal 


lbs. 
11.95 
12.44 

11.54 
12.54 

10.37 
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Showing  that  the  average  of  the  South  Lancashire  and  Cheshire  coals  is 
"■ferior  in  rapidity  and  in  efficiency  of  evaporation  to  both  of  the  other 
xrnby  and  that  though  the  best  of  the  South  Lancashire  coals  has  a  greater 
evaporative  efficiency  than  the  others,  the  rapidity  of  evaporation  was  less. 
This  comparison  is  corroborative  of  the  deductions  made  from  Delab^che 
and  Playfair's  analysis  and  trials  of  coals  from  the  several  districts  (see 
page  413)- 

Evaporative  Perforbiance  of  Newcastle  Coals  in  a  Marine 

Boiler,  at  Newcastle-on-Tyne,  1857.* 

These  experiments  were  made  to  test  the  evaporative  power  of  the 

steam-coal  of  the  Hartley  district  of  Northumberland.     The  experimental 

l>oiler  was  of  the  marine  type,  10  feet  3  inches  long,  7  feet  6  inches  wide, 

and  10  feet  high;  with  2  internal  furnaces,  3  feet  by  3  feet  3  inches  high, 

ajid  135  flue-tubes  above  the  furnaces,  in  9  rows  of  15  each,  3  inches  in 

diameter  inside,  $}4  feet  long.    The  dead-plates  were  16  inches  long,  and 

a  I  inches  below  the  crown  of  the  furnace.    As  the  result  of  many  preliminary 

trials,  two  standard  lengths  of  fire-grates  were  fixed  upon — 4  feet  9  inches, 

and  3  feet  2j4  inches,  with  a  fall  of  yi  inch  to  a  foot;  and  the  fire-bars  were 

cast  J4  inch  thick,  with  air-spaces  from  ^  to  ^  inch  wide.    The  fire-doors 

irere  made  with  slits  }i  inch  wide  and  14  inches  long,  for  the  admission 

of  air.     The  chimney  was  2  feet  6  inches  in  diameter.    A  water-heater  was 

applied  at  the  base  of  the  chimney,  in  the  thoroughfare;  it  contained 

76  vertical  tubes,  4  inches  in  diameter,  surrounded  by  the  feed- water. 

Total  area  of  fire-grates,  4  feet  9  inches  long,  2Sj4  square  feet. 

Do.  do.         3   »    2>^    »         ,,     i9/< 

Heating  surface  of  boiler  (outside),  749  square  feet. 

Do.  water  heater, 320        „ 

Ratio  of  larger  grate-area  to  heating  surface  of  boiler,  i  to  26.28 
Do.     smaller      do.  do.  i  to  38.91 

Two  systems  of  firing  were  adopted,  as  "  standards  of  practice  :*' — First, 
ordinary  or  spreading  firing,  in  which  the  fuel  was  charged  over  the  grate, 
and  the  whole  of  the  supply  of  air  was  admitted  through  the  grate. 
Second,  coking-firing,  in  which  the  fuel  was  charged,  i  cwt.  at  a  time, 
upon  the  dead-plate,  and  subsequently  pushed  on  to  the  grate,  making 
room  for  the  next  charge;  and  air  was  admitted  by  the  doorway  as  well  as 
by  the  grate.  Four  systems  of  furnace  were  tried,  of  which  Mr.  C.  ^^^ 
Williams'  was  adjudged  by  the  experimentalists  to  have  rendered  the  best 
performance.  According  to  this  system,  air  was  admitted  above  the  fire 
at  the  front  of  the  furnace,  by  means  of  cast-iron  casings,  having  apertures 
on  the  outside,  with  slides,  and  perforated  through  the  inner  face,  next  the 
fire,  with  numerous  J^-inch  and  J^-inch  holes,  having  a  total  area  of  80  square 
inches,  or  5.33  square  inches  per  square  foot  of  grate.  Alternate  firing 
was  adopted  by  Mr.  Williams.  The  general  results  of  the  experiments  are 
given  in  table  No.  274. 

*  The  author  has  derived  the  particulars  of  those  trials  from  the  Report  of  Messrs.  Long- 
ridge,  Armsirongt  &* Richardson  to  the  Steam  Collieries  Association  of  Newcastle-on-Tyne. 
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The  exj>erimentalists  reported  that  Mr.  Williams'  plan  gave  the  best 
esults,  and  they  concluded:  "  ist.  That  by  an  easy  method  of  firing,  com- 
bined with  a  due  admission  of  air  in  front  of  the  furnace,  and  a  proper 
irangement  of  fire-grate,  the  emission  of  smoke  may  be  effectually  prevented 
a  ordinary  marine  multitubular  boilers  whilst  using  the  steam-coals  of  the 
lartley  district  of  Northumberland.  2d.  That  the  prevention  of  smoke 
^ureases  the  economic  value  of  the  fuel  and  the  evaporative  power  of  the 
oOer.  3d.  That  the  coals  from  the  Hartley  district  have  an  evaporative 
ower  fully  equal  to  that  of  the  best  Welsh  steam-coals,  and  that,  practically, 
s  regards  steam  navigation,  they  are  decidedly  superior." 

These  gentlemen  made  a  trial  of  Aberaman  Welsh  coal,  and  they  found 
iat  its  practical  evaporative  power,  when  it  was  hand-picked,  and  the 
mall  coal  rejected,  was  at  the  rate  of  12.35  lt)s.  of  water  per  pound  of 
oal,  evaporated  from  212°;  this  may  be  compared  with  the  best  result 
pom  Hartleys  coal,  large  and  small  together,  in  table  No.  274,  which  was 
2.53  lbs.  water  from  212°  per  pound  of  coal,  or  with  another  result  of 
xperiment,  with  Hartley  coal,  not  given  in  the  table,  showing  12.91  lbs. 
rater  per  pound  of  coal.  As  a  check  on  these  results,  they  ascertained 
he  total  heat  of  combustion  of  the  two  coals  here  compared,  by  means 
►f  an  apparatus  constructed  by  Mr.  Wright,  of  Westminster,  so  contrived 
hat  a  portion  of  coal  is  burned  under  water,  and  the  products  of  combustion 
ictually  passed  through  the  water,  which  absorbs  the  whole  heat  of  combus- 
ion.     The  following  are  the  comparative  values : — 

Water  practically  Evaporated    Total  Heat  of  Combustion 
per  Pound  of  Coal.  in  Evaporative  Efficiency. 

Welsh  coal,  hand-picked, 1 2.35  lbs 14-30  lbs. 

Hartiey  coal,  large  and  small, 12.91    „      14.63   „ 

The  experimentalists  also  point  out  the  "elasticity  of  action"  of  the 
Fiartley  coals:  they  burned  them  at  rates  varying  from  9  to  37J4  lbs. 
>er  square  foot  of  grate  per  hour  without  diflSculty,  and  without  smoke. 
rhe  Welsh  coal,  burned  at  the  rate  of  34 J4  lbs.  per  foot  per  hour,  melted, 
t  is  said,  the  fire-bars  after  an  hour  and  a  half  s  work. 


Trials  of  Newcastle  and  Welsh  Coals  in  the  Marine  Boiler  at 
Newcastle,  for  the  Board  of  Admiralty.  By  Messrs.  Miller 
&  Taplin.     1858. 

Messrs.  Miller  &  Taplin,  representing  the  Board  of  Admiralty,  conducted, 
n  1858,  a  series  of  trials  at  Newcastie,  with  the  same  marine  boiler  as  was 
employed  by  Messrs.  Longridge,  Armstrong,  &  Richardson,  the  object  of 
Krhich  was  to  investigate  the  comparative  evaporative  power  and  other  pro- 
>erties  of  Hartley  coal  and  Welsh  steam-coal,  and  the  merits  of  Mr. 
iVilliams'  plan  of  smoke-prevention. 

The  fire-bars  were  i^  inch  in  thickness,  and  had  ^-inch  air-spaces. 
The  feed-water  was  passed  through  the  heater,  except  when  otherwise 
stated.  Mr.  Williams*  apparatus  was  constantly  in  action  when  Hartley 
coal  was  burned  without  smoke;  and  it  was  closed  when  this  coal  was  tried 
for  smoke  making,  also  when  Welsh  coal  was  burned. 
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During  the  trials  of  Hartley  coal,  the  fires  were  maintained  at  from  12  to 
14  inches  in  thickness  on  the  grates,  the  coal  was  stoked  on  the  coking 
system,  the  fresh  charges  of  coal  having  been  delivered  at  the  fi^nt,  on 
each  side  of  each  grate  alternately;  and  the  incandescent  fuel  pushed 
forward  towards  the  bridge  before  charging. 

During  the  trials  of  Welsh  coal,  the  fires  were  maintained  at  from  8  to 
10  inches  in  thickness;  and,  in  charging,  the  fresh  coal  was  thrown  where 
it  was  required,  all  over  the  fire;  the  burning  fuel  never  being  touched  by 
any  firing  tool. 

The  cinders  that  fell  through  the  grates  were  constantly  raked  together 
and  thrown  upon  the  fires. 

The  results  of  the  trials  made  by  Messrs.  Miller  &  Taplin  have  been 
analyzed  and  compiled  into  the  table  No.  275,  in  which  the  results  of  the 
performances  of  the  West  Hartley  coals  are  grouped,  to  which  is  added  the 
results  obtained  from  Lambton*s  Wallsend  house  coal,  as  a  bituminous  or 
highly  smoky  coal.  The  results  of  the  trials  of  the  South  Welsh  coal  are 
likewise  grouped  in  the  table.  Separate  trials  of  each  coal  were  made,  in 
which  the  feed-water  was  delivered  direct  into  the  boiler,  the  heater  having 
been  for  this  purpose  disconnected. 

Messrs.  Miller  &  Taplin  concluded  from  the  results  of  their  experiments: 
I  St,  that  when  the  smoke  from  Hartleys  coal  is  consumed,  the  evaporative 
value  of  this  coal  is  nearly  equal  to  that  of  Welsh  coal,  whilst  its  rapidity  o< 
combustion  and  evaporation  of  water  is  greater;  2d,  that  the  Hartleys  coal  is 
less  liable  to  be  broken  up  by  movement  than  Welsh  coal;  and  that  it  is  less 
disintegrated  by  long  exposure  to  the  atmosphere  than  Welsh  coal;  3d, 
that  Hartleys  coal  may  be  burned  without  making  smoke,  by  the  use  d 
Mr.  C.  W.  Williams'  apparatus. 

Trials  of  Welsh  and  Newcastle  Coals  in  a  Marine  Boiler 

AT  Keyham  Factory.     1863. 

Trials  of  Welsh  and  Newcastle  coals,  singly  and  in  combination,  were  con- 
ducted with  the  coal-testing  boiler  at  Keyham  Factory,  by  Mr.  T.  W.  Miller. 
The  boiler  is  the  pattern  from  which  the  Wigan  boiler,  described  at  page  781, 
was  made,  and  of  which  it  was  a  copy,  except  that  the  flue-tubes  are  2  inches. 
The  dead-plate  was  10  inches  below  the  crown  of  the  furnace,  and  6  inches 
in  length.  The  grate  was  made  of  two  different  lengths,  4  feet  and  3  feet, 
and  inclined  2  inches  per  foot.  The  bridge  was  8  inches  below  the  cro\\ii. 
Two  different  doors  to  each  furnace  were  employed  during  the  trials :  one,  a 
common  door,  with  a  few  small  perforations  for  air;  the  other  was  made  double, 
and  air  entered  from  the  bottom,  and  passed  through  numerous  ^-inch  holes 
into  the  furnace.  The  air-way  in  the  second  door  amounted  to  60  square 
inches,  equal  to  8.6  inches  per  square  foot  of  the  longer  grates,  and  11.4 
inches  for  the  shorter  grates.     The  charges  of  coal  were  from  16  to  19  lbs. 

Total  grate-area, 4  feet  long, 13.75  square  feet. 

»»  3        »»        IO-3  jy 

Total  heating  surface,  plate, 72.5  „ 

„  „      tubes  (outside),   413.0      485.5  „ 


Ratios  of  grate-areas  to  heating  surface:  larger  grates,...  i  to  35.3 

smaller  „    i  to  47 


j>  >>  >» 
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Mr.  Miller  reported  that  "the  combinations,  in  equal  proportions,  of 
elsh  and  Newcastle  coals,  while  they  produced,  on  the  average,  nearly 
[ual  economical  results,  measured  by  the  quantity  of  water  evaporated  by 
lb.  of  fuel,  they  produced  on  the  average  greater  rapidity  in  evaporation, 
d  that  they  on  the  average  produced  the  least  amount  of  smoke/'  He 
io  found  that  the  small  Welsh  coal  could  be  burned  beneficially  in  mix- 
re  with  Newcasde  coal.  The  general  results  of  his  experiments  are  given 
table  No.  276. 

Evaporative  Performance  of  American  Coals  in  a  Stationary 

Boiler.     1843. 

The  American  coals,  of  which  the  composition  was  given  page  418,  were 
ed  for  their  evaporative  performance  by  Professor  Johnson,  with  a  flat- 
ded  cylindrical  boiler,  3J4  feet  in  diameter  and  30  feet  long,  with  two 
orough  internal  flues,  10  inches  in  diameter.  The  grate  was  placed 
low  the  boiler  at  one  end,  and  was  5  feet  long  by  3  feet  wide ;  it  was 
inches  below  the  boiler  at  the  front,  and  10  inches  at  the  back.  The 
js  were  ^  inch  thick,  with  ^-inch  air-spaces.  The  grate  could  be 
ortened  8  inches,  by  inserting  a  perforated  air-plate  at  the  bridge;  and 
J{(  inches  at  the  front,  by  inserting  a  coking-plate.  The  air  for  com- 
istion  was  heated  in  a  chamber  under  the  ash-pit,  before  passing  through 
e  grate. 

The  gases  passed  under  the  boiler  to  the  back,  returned  through  the  inside 
les,  and  made  another  circuit  of  the  boiler  by  a  wheel-draught  through  side 
les.  The  chimney  was  18  inches  square,  and  61  feet  high  above  the 
ate. 

Area  of  grate : — 

Full  length, 16.25    square  feet. 

With  air-plate, 14-07  » 

With  air-plate  and  dead-plate, 1 1-375        >» 

Heating  surface : — 

Lower  flue, 130               „ 

Two  flue-tubes, 157               „ 

Two  side-flues, 90.5 


Total, 377.5 


>i 


>» 


Ratio  of  grate-area  to  )  p^y  ,^^ ^  ^ 

heatmg  surface : —  j  **^  •^ 

With  air-plate, i  to  26.8 

With  air-plate  and  dead-plate,  i  to  33.2 

The  water  was  evaporated  into  steam  of  from  6  lbs.  to  7  lbs.  per  square 
ch  above  the  atmosphere.  The  coal  was  delivered  in  charges  of  from 
K>  lbs.  to  1 10  lbs.  The  condensed  results  of  performance  are  given  in  table 
0.  277.  The  average  results  were  that  in  burning  7  lbs.  per  sf|uare  foot  of 
ate  per  hour,  9^  lbs.  of  waterwas  evaporated  from  2 1 2"*  F.  per  (x^und  of  coal. 
The  inferior  evaporation  for  the  bituminous  caking  coals  is  accounted 
r  by  its  imperfect  combustion,  evidenced  by  the  smoke  which  escaped 
considerable  quantity. 
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Table  No.  277. — American  Coals: — Results  of  their  Evaporative 
Performance  with  a  Cylindrical  Stationary  Boiler  at  the 
Navy  Yard,  Washington.     1843.  ^ 

(Reduced  from  the  Report  of  Professor  W.  R.  Johnson.) 


1 

1 
1 

Coal. 

Area  of 
Fire- 
grate. 

Coal 
Consumed 
per  Hour. 

Coal  per 

Square 

Foot  of 

Grate 

per  Hour. 

Water 
Evapor- 
ated from 
Ordinary 
Tempera- 
ture per 
Hour. 

Water 

per 

Square 

Foot  of 

Giate 

per  hour. 

Water 

Etapor- 

atednta 

per  lb:  of 
CnaL 

Anthracites  (7  samples),...  ' 
Free-burning  bituminous  ) 

coals  (11  samples), ) 

Bituminous  cakmg  coals  ) 

(Virginian,  10  samples),  ] 

sq.  feet. 
14.30 

14.14 
14.15 

lbs. 
94.94 
99.16 

105.02 

lbs. 
6.64 

7.01 
7.42 

cub.  feet 
12.37 

1373 
12.16 

cub.  feet. 
0.87 

0.97 
0.86 

lbs. 
9.63 

9.68 
8.48 

Averages, 

14.20 

99.71 

7.02 

12.75 

0.90 

9.26 

Conditions  of  Smoke. 

Anthracites No  smoke. 

Free-burning  bituminous  coals, Little  smoke,  and  mostly  when  charging. 

Bituminous  caking  coals,  Smoke  considerable,  in  one  instance  constant 

The  air-plate  was  tried  both  open  and  closed  for  each  coal,  with  various 
effect,  good  and  bad.  The  average  results  for  the  open  air-plate  proved  a 
gain  in  efficiency  and  a  loss  in  rapidity,  thus: — 

Gain  of  Efficiency.  Loss  of  Rapidity. 

Coals.  

per  cent.  per  ceot. 

Anthracites, 0.43  14.9 

Free-burning  coals, 2.13  2.68 

Caking  coals,  ..  1.96  1.48 

Foreign  and  western  coals, 3.38  5.37 

Showing  that  the  open  air-plate  was  most  beneficial  for  efficiency  and  least 
injurious  for  rapidity  with  the  smoke-making  coals. 

Surplus  air  in  the  products  of  combustion.^  By  analysis,  it  was  foimd  that 
twice  the  quantity  of  atmospheric  air  that  was  chemically  necessary,  passed 
through  the  furnace. 

Temperature  of  the  air  and  smoke, — The  average  temperatures  were  as 
follows : — 

External  air, 73**  F. 

Air  on  arriving  at  the  grate, 250°.     Heated  \if. 

Gases  on  arriving  at  the  chimney, 292^     Excess  above  steam  65°. 

Draught-gauge, 307  inch  of  water. 

Influence  of  soot  in  the  flues. — It  was  observed  that  whilst,  in  the  perfonn- 
ance  of  the  anthracites,  day  after  day,  the  temperature  at  the  chimney  and 
the  evaporative  efficiency  were  practically  constant,  with  the  smoky  coals 
the  temperature  rose  and  the  efficiency  fell  off.  In  three  instances  of 
caking  coal,  the  temperature  rose  i^°  from  an  average  of  298**  F.,  on  the 
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first  day,  to  373"  F.  on  the  last  day;  and  tlic  efticicncy  fell  otV  i  lb.,  from 
S.66  to  7.68  lbs.  These  effects  are  due,  of  course,  to  the  accumulation 
of  soot  on  the  surface  of  the  boiler,  and  the  impediment  thus  caused  to  the 
passage  of  heat 

Ltod  of  the  grate, — The  grate  was  tried  at  7  inches  and  12  inches  below 
the  crown,  the  standard  level  having  been  9  inches.  The  trials  showed 
that  the  7-inch  level  was  5J^  per  cent,  better  than  the  9-inch,  and  the 
9-inch  level  8  per  cent  better  than  the  1 2-inch. 

Effect  of  cutting  off  the  two  side-flues, — Reducing  thus  the  heating  surface 
by  90.5  square  feet,  the  comparative  performance  with  and  without  the 
side-flues  was  as  follows : — 

Anthracite  : Water  per  Ib.  of  Coal.     Walcr  per  hour. 

Without  side-flues, 9.96  lbs.  ...   13.33  cubic  feet. 

With  do.        10. 1 1    „     ...   14.03         „ 

Caking  Coal: — 

Without  side-flues, 7.80   „     ...  11.72 

With  do 8.52    „     ...   11.30 


Showing  that,  whilst  the  average  rapidity  was  not  affected,  the  efficiency 
was  diminished  by  the  closing  of  the  side-flues. 

Evaporative  Performance  of  an  Experimental  Marine  Boiler, 

Navy  Yard,  New  York,  U.S.^ 

Mr.  Isherwood  made  trials  of  an  experimental  multitubular  marine 
boiler  under  cover,  on  land.  The  boiler  was  covered  with  felt  stitched  on 
canvas.  Steam  of  20  lbs.  effective  pressure  per  square  inch  was  generated 
and  blown  off".  The  shell  was  7  feet  7  inches  deep,  3  feet  i  ^  inch  wide, 
and  6  feet  5  inches  high,  with  a  single  fire-flue  26  inches  in  diameter,  and 
24  flue-tubes  above  the  fire-flue,  3  inches  in  diameter  outside,  5  feet 
10^  inches  long.  With  a  4-inch  dead-plate,  the  grate  was  5  feet  long, 
inclined,  being  12  inches  below  the  crown  at  the  front,  and  15^  inches  at 
the  bridge. 

Area  of  fire-grate, 10.8  square  feet 

Heating  surface : — furnace, 1 9. 7  square  feet. 

smokebox, 25.75 

tubes, 100.78 

uptake, 4.02        „         150.30 


Ratio  of  grate-area  to  heating  surface, i  to  14. 

The  fires  were  5  inches  in  thickness,  using  Pennsylvanian  anthracite  of 
medium  quality.     The  refuse  averaged  about  20  per  cent  of  the  fuel. 

In  the  following  selection  of  the  results  of  the  performance,  the  equiva- 
lent quantities  of  water  as  evaporated  from  and  at  212**  F.,  are  substituted 
for  the  original  quantities: — 

^  Experifiuntal  Researches  in  Steam  Engineering,  vol.  ii.  1865. 
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Table  No.  278. — Evaporative  Performance  of  Experimental 
Marine  Boiler,  at  the  Navy  Yard,  New  York,  U.S. 


1st  Series  of  Trials: — Varying  Rate  of  Combustion. 

Area  of  Grate. 

Heating 
Surface. 

Ratio  of  Heating 
Surface  to  Grate. 

Coal  per  Sqtuu« 
Foot  of  dale. 

W^ater  per  Pomdoi 
Coal  fron  and  it  tut. 

square  feet 

square  feet. 

ratio. 

lbs. 

lbs. 

A 
B 
C 
D 
E 

10.8 
10.8 
10.8 
10.8 
10.8 

150.3 
150.3 
150.3 
150.3 
150.3 

14 

H 
H 
14 

5.57 
10.99 

16.57 

22.10 

27.76 

Q.27 
S.95 

7.94 
7.80 

7.40 

yi  Series  of  Trials: —  Varying  Area  of  Grate. 

I 

J 
K 

8.64 
6.48 

4.32 

149.0 
148.0 
147.0 

17.24 
22.84 

34.03 

15 
15 
15 

8.58 
8.28 

8.93 

4M  Series  of  Trials: — Constant  Total  Quantity  of  Fuel  Consumed  per 

Hour,  with  Varying  Grates, 

L 
M 

N 

8.64 
6.48 
4.32 

149.0 
148.0 
147.0 

17.24 
22.84 
34.03 

20.73 
27.42 
27.58 

8.03 

7.43 
7.24 

8M  Series  of  Trials: — Heating  Surface  of  Tubes  cut  off. 

V 

W 

X 

10.8 
10.8 
10.8 

45-5 
45.5 
45.5 

4.21 
4.21 
4.21 

16.57 
16.58 
11.77 

6.10 
6.64 

Experiments  on  the  Comparative  Evaporative  Performance  of 

Stationary  Boilers  in  France.     1874. 

A  commission  was  appointed  by  the  Societe  TndustrieHe  de  MuJhause  to 
test,  under  identical  conditions,  the  comparative  performance  of  a  French 
or  elephant  boiler,  a  double-flue  Lancashire  boiler,  and  a  so-called  "  Fairbaim" 
boiler.^ 

Lancashire  boiler, — 6.56  feet  in  diameter,  25.75  feet  long;  flues  27.5  inches 
in  diameter,  with  internal  fire-place  28.5  inches  in  diameter.  Shell-plates 
.64  inch,  flue-plates  ]4  inch  thick.  Grate  inclined;  mean  level  below  crown, 
16  inches.     Fire-bars  .6  inch  thick,  air-spaces  ^  inch. 

^' Fa irbairn"  boiler. — Two  cyHnders  4.1  feet  in  diameter,  25.75  feet  long; 
central  fire-tube  27.5  inches  in  diameter,  enlarged  at  the  end  to  form  an 
internal  fire-place  28.5  inches  in  diameter.  The  two  cylinders  were  united 
to  a  third  above  them,  3.75  feet  in  diameter,  23  feet  long,  by  three  neck- 
ings or  pipes,  14  inches  in  diameter,  from  each  lower  cylinder.     Plates 

*  BuIUtin  de  la  SociHi  IndustridU  de  Afulhausty  June,  187$.  See  also  Proceedings  of  the 
Institution  of  Ciz'il  Engineers,  vol.  xliii.  p.  377,  where  an  abstract  of  the  Report  is  pub- 
lished. 
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^  y   inch.     Grate  inclinetl :  mean  icvc'.  L^clo'i\"  cr. 


..(...  '■j>. 


Fire  :..:r> 


.6  inch,  air-spaces  j^  inch. 

French  boiler, — Body  3.74  feet  in  diameter,  29.5  feet  long.  Three 
heaters,  1.64  feet  by  32.8  feet  long,  united  to  the  body  by  three  neckings 
to  each.  Plates  of  body  )4  inch;  of  heaters  .4  inch  thick.  Grate  hori- 
zontal; level  below  middle  heater,  18  inches,  and  below  side  heaters,  16 
inches. 


Length  of  boiler, feet 

Total  heati ng  surface, square  feet 

Length  of  grates, feet 

Combined  width  of  grates, „ 

Total  grate-area, square  feet 

Ratio  of  heating  surface  to  grate-area^... 

Total  capacity, cubic  feet 

Water-space, „ 

Steam-space, „ 

Heating  surface  per  cubic  )  c    * 

foot  of  water,..*!:. |    ^l"^  *«=* 

Total  weight,  with  accessories, tons 

Weight  per  square  foot  of  heat-  )      « 

ing  surface, J         ^ 


Fairbadm."       Lancashire. 


23^25.75 

1,017    ; 

4-53 

4-53 
20.5 

I  to  49.5 

642.5 

544.7 
97.8 

1.87 
19.6 

42.4 


Frw>ch. 


59-7 


2575 
612 

29.5  &  32,8 

^7 

4.53 

4.21 

4.53 

4.76 

20.5 

2ai 

I  to  29.8 

637.5 
412.5 

I  to  30.3 

5311 
408.1 

225.0 

123.0 

148 

M9 

16.6 

I4.> 

52.5 


The  gases  in  the  Fairbaim  boiler  passed  from  the  flues  by  the  sides  of 
the  lower  cylinders,  and  returned  by  the  sides  of  the  upper  cylinder,  towards 
the  chimney.  In  the  Lancashire  boiler,  they  passed  from  the  inside  flues 
on  each  side  to  the  front,  and  thence  under  the  boiler  to  the  chimney.  In 
the  French  boiler,  the  current  was  not  divided,  but  after  heating  the  three 
heaters  it  wound  round  the  boiler.  The  flues  delivered  into  the  same  chim- 
ney. The  temperature  in  the  flues,  just  at  the  chimney,  about  4  inches 
above  the  bottom,  was  taken  every  five  minutes.  The  steam  was  maintained 
at  from  4.6  to  5  atmospheres.  The  feed-water  was  supplied  at  from  79**  to 
84°  F.  The  regular  daily  work  lasted  from  6  a.m.  to  6  p.m.,  with  i^  hour 
interval;  working  time,  10^  hours.  The  coal  consumed  in  getting  up 
steam  was  included  in  the  consumption.  Two  days  before  the  trial,  each 
boiler  was  emptied  and  was  thoroughly  cleaned  inside  and  outside.  Each 
trial  lasted  several  days  consecutively.  The  coals  consumed  were  Ronchanip 
and  Saarbrucken,  the  general  composition  of  which  is  indicated  by  the 
following  analysis:^ — 

Gaseous  Elements  only,  or  ^^Pure  FuelJ* 


Ronchamp,... 
Saarbrucken,. 


Carbon. 


percent 
88.59 
81.10 


Hydrogen. 


per  cent. 
4.69 

4.75 


Oxyeen 

ana 
Nitrogen. 


Actual  Heat  of 

Combustion  of 

One  Pound 

of  Pure  Fuel. 


per  cent 
6.72 
14.15 


English  units. 
16416 
15,320 


I 


^  "  Calorimetric  Trials  and  Analysis  of  Coals  and  Lignites,"  by  A.  Schcurer-Kcstner 
and  C.  MenDier-Dollfas.  See  Proceedings  of  the  Institution  of  Civil  Engineers^  vol.  xliii. 
p.  396. 
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Table  No.  179 — French  and  English  Boilers. — Results  1 

EVAPURATIVE    PERFORUANCE. 
(Reduced  from  the  Report  of  the  Muthouse  Camnii»uoii.) 

FUEl, — RojfCHASIP  AND   SAABBRUCKEN    CoALS. 


I 


BoltKlt.    AND    Ftll, 

Hour. 

«,d«,..-F. 

pcrJb. 

of 
Enli™ 
CotL 

To- 

TouL 

per  So. 

.. 

TduL 

P=rSq 

Gntt 

RoNCMAMi-  Coal. 
"Falrhaim^ 

3.39 

"8.53 
'915 

"as? 

pr.  c-l. 

■3-8 
14.1 
14. 1 

S6.06 

53-4S 
54-75 

a.  7* 

411* 

IS 

at. 

a& 
Hi 

"94 

J. 

'93 
IIS 

French,  

RoNCHANP  Coal. 

Light  Firing. 

"Fairhaim," 

1.96 
1.91 

2.04 

10.70 

13.6 

3'-M 

30-5* 
3 '-38 

1.52 

S.S6 
8.92 

8.|a 

IS 

Frencb,  

Saarbrucken  Coal. 

"Fairbaim,"' 

3.04 
3-" 

16.59 
16.50 
1 7- 33 

10.6 
9-7 
9-4 

43.JO 

i:i 

7-93 

751 
7-5< 

S54 

544 

French,  

General    Averages    of 
THE    Foregoing    Per- 

2.S0 
S.81 
2.9S 

15.27 
1535 
16.41 

13.6 

ia.4 

43-74 

2^03 
3.12 

;.67 

387* 
510 

I* 

'97 

Averages  of  3  days'  Per- 
formance,  when  equal 

ralK  Q^  evapotalLOn  were 

French, ...'"!"'.'..'.'];;!!]!!!!!! 

3.57 
3-57 

19,87 

- 

54. 10 
54-3* 

a.64 

a.  70 

i:S 

587- 
S7* 

EVAPORATIVE  PERFORMANCE  OF  LOCOMOTIVE  BOILERS. 

The  author  collected,  from  various  trustworthy  sources,  the  results  of 
the  performance  of  locomotive  boilers,  of  the  earliest  as  well  as  the  most 
recent  designs,  and  has  reduced  ihem  and  placed  them  together  with  the 
results  of  his  own  observations,  in  table  No,  280.' 

Boilers  of  nearly  every  size  and  variety  that  have  been  used  in  England, 
are  represented  in  the  table;  the  areas  of  grate  vary  from  6  to  24  square 
feet,  the  heating  surfaces  from  40  to  2000  square  feet,  and  the  ratios  of  sur- 
face to  grate,  or  the  surface-ratios,  from  40  to  i  to  100  to  i.  The  fuel  used 
was  coke,  except  in  a  few  specified  instances  of  boilers  designed  for  burning 
coal,  in  which  coal  was  used. 

'  Tliese  data  are  derived  from  (be  autlior't  work  oi 
nnd  Rail-wny  /jiromolivel,  page  33*.    Reference  is  made  to 
the  details  of  ihe  boilers. 
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ble  No,  280. — Locomotive-Boilers: — Proportions  and 

Results  of  Evaporative  Performance. 
The  Fuel  used  wu  Coke,  except  when  Coal  is  specifically  slated. 


lEST  Locomotives. 
')o.         improved,.., 

igeor4  locomotives, 

s  goodslocomolives, 
s  passenger        „ 

Vestern  Railway. 

CapHcomus, 

or,  Cyclops, 

ISlar, 

:nioii  Class, 

,  Britain,  Iron  Duke, 
;  Britain  Variety,  ... 

TERN  Railway,  S:c. 
^ork  &  North-Mid-  ( 

nd  Railway, { 

cules.York&North-l 
[idlnnd  RMlway,  ...f 
yni. Man., Sheffield,  I 
Lincoln  Railway,  / 
(Later  engines.) 
0,  L.  &  N.-W.  Ry., 

m, 

ja>,        >, 
1-Eastern  Railway 


699 

1363 
D67 

938 


782 


7S.S 

36,7 

57.6 


5-3* 
6.17 
7.86 


7.38 
8.87 
6,6s 


8.67 
8.Ss 
9.09 

9.90 


*  (coal; 
■2 (coal) 
.9  (coal) 


EVAPORATIVE   PERFORMANCE  OF   STEAM-BOILERS. 
Table  No.  aSo  {coniinutd). 


Healing 

«.».. 

1'  •■„' 

Ar^.ot 

Surf.c= 

HeMmg 

C0I..O>iu,.«d 

No. 

SuHkc 

-ip=    ^^J^ 

S4.UR  SifCite^ 

Gtate. 

Koiof 

oCbLle). 

H.T. 

•q.  fl- 

■(.ft. 

Tjilio, 

Hl 

CtLfL 

~»r 

London  and  South- 

western Railway. 

38 

Snake 

Canute  (coal  burning  loco- 
motive)  :- 

ia.4 

98s 

79 

87 

IJ.26 

ittS9 

39 

Canute,  feed -water  heal-  ) 
ed,  tiles, j" 

16 

871 

54.4 

35(o»l) 

e.ts 

II  Jit 

40 

Canute,  fced-waterhMt-  ( 

ed,  tiles, ( 

„ 

57  (coil) 

9.65 

10.SI 

4« 

Canule,  cold  Teed-nater, ') 
liles, 

„ 

49  (coal) 

7.77 

9.90 

4? 

ed.  no  tiles. f 

., 

„ 

43  (coal) 

6.4S 

9-54 

43 

Canute,  cold  water,  no  ( 
tiles, ( 

58  (cod) 

8.89 

9.56 

44 

cd,  tiles, ( 

„ 

46(co)co) 

6.46 

L-f, 

45 

Canule,  Teed -water  heat- 1 

ed.no  tiles.....: ) 

, 

,. 

„ 

49(coUc) 

7..7 

9-iJ 

46 

Canute,  Cold  water,  no 
tiles, 

,. 

.. 

54  (coke) 

8.69 'lao, 

Caledonian  R*iLWAV,&c 

li        , 

*2 

No.  13.  Caledonian  Ry., 

10.  s 

\ 

79 

4! 

7      11  "■46 

48 

No.  41. 

10.5 

75 

S7 

7.8   '!.o..i, 

49 

No.  43. 

10.  s 

788 

75 

61 

9.a    1  11.311 

50 

No.  51, 

10.5 

788 

75 

57 

6.7      |II.C4 

5* 

}no.  .3,           .,                1 

.0.5 
10,  s 

1 

75 

JS.a 

.1.6    1  %^ 
8.2    I.0.J1 

53 

No.  13. 

9.0 

788 

"4-7     1   9-Sl 

54 

No5.  125,127,  ,. 

11.37  1050 

II.8    1  974 

91 

66 

8.66      9-TS 

SS 

No.  102, 

81.S 

94 

10.3     1    8.15 

56 

Orion,  Siriu5,E.&G.Ry., 

12.23  1  758 

62 

6.^9     to.71 

57 

America,  Nile,        „ 

11,10,  736 

66.3 

70 

8.8  ;  9.31, 

58 

Pallas 

16.04'  818 

IU5 

38 

6          1*47, 

59 

Brindle",                     „ 

9.15  1  802 

% 

7-*    1    9-94 

60 
61 

Orion,  G.  4S.-W.  Ry., 
Qaeen, 

9.24 

10.5 

ay 

lit 

1 
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EVAPORATIVE   PERFORMANCE   OF    rOREAHLE   STEAM- 
ENGINE  BOILERS  WITH   COAL.     1S72. 

The  results  of  the  excellently  conducted  trials  of  i)ortnbIe  stean>-engines 
exhibited  at  the  show  of  the  Royal  Agricultural  Societ>%  at  Cardiff,  in  1S73, 
were  fully  reported  by  the  judges,  Nir.  F.  J.  Bramwell  and  Mr.  W.  Mene- 
laus.^  To  this  report,  with  the  valuable  tables  api^iended  to  it,  prepared  by 
the  consulting  engineers,  Messrs.  Eastons  &  Anderson,  the  author  is 
indebted  for  the  data  with  which  he  has  formed  the  table  Na  281.  The 
fuel  used  was  Llangennech  (Welsh)  coal;  an  anal)'sis  of  it,  by  Mr.  G.  J. 
Snelus  is  given  at  page  415,  ante.  The  quantity  of  ash  and  clinker  averaged, 
so  £»*  as  it  was  observed,  about  6  per  cent  of  the  fuel.  The  boiler  was  of 
the  ordinary  pattern,  having  a  firebox  and  multitubular  flues ;  but  Messrs. 
Davey,  Paxman,  &  Ca's  boiler  contained,  in  addition,  ten  circulating  wrought- 
iron  bent  water-tubes,  2^  inches  in  diameter,  in  the  firebox,  rising  firom  the 
sides  to  the  top. 

Table  No.  281. — Portable  Steam-Engine  Boilers. — Proportions 
AND  Results  of  Evaporative  Performance.     1872. 

(Compiled  and  reduced  from  the  Report  of  the  Judges,  Royal  Agricultural 

Society's  Show,  Carditt.) 

Fuel : — Llangennech  (Welsh)  Coal. 


Aral  of  Fire- 

Coal 

grace. 

Heating 
Surface 
(Tubes 

Ratio  of 
Heating 
Surface 

Cod- 
sumed 

Foot  of 

Equivalent 

Water 
Evaporated 

Equiva- 

lent 
Water 

Na 

Constructors. 

As  Re- 

measured 

to  Trial 

from  and  at 

Evapor- 

Nor- 

duced 

on  the 

Fire- 

Trial- 

3ia*  F.  per 

ated  per 

mal. 

for 
Trial 

Outside). 

grate. 

grate 
Hour. 

Square  Foot  of 
Grate,  per  Hour. 

Pound 
of  Coal 

sq.  ft. 

sq.  ft. 

sq.  ft. 

ratio. 

lbs. 

lbs. 

cu.  ft. 

lbs. 

I 

}  Marshall, 
{  Sons,  &  Co. 

4-4 

3.0 

283.5 

94-5 

15.7 

161 

2.58 

10.23 

2 

j  Clayton   &     ) 
Shuttleworth  i 

53 

3-2 

220.0 

1    69 

1      ' 

12.8 

151 

2.42 

11.83 

ti 

Clayton   & 
Shuttleworth 

>» 

»> 

ft 

1 

i      »» 

12.5 

148 

2.36 

II. 81 

3 

Hayes 

5.1 

5.1 

170.6 

33 

14.8 

66.5 

1.06 

4.59 

4 

J  Davey,  Par-    ) 
\    man,  &  Co.  \ 

3.75 

3-75 

168.4 

45 

10.3 

114 

1.83 

11.02 

S 

Tuxford  &  Sons 

6.13 

— 

193.0 

— 

— 

— 

6 

Brown  &  May... 

3-2 

3.2 

159.1 

50 

9-53 

104 

1.66 

10.89 

7 

Tasker&Sons... 

4.7 

4.7 

158.0 

34 

I3-0 

119 

1. 91 

9.33 

.    « 

i  Reading  Iron-  ) 
{    Works. { 

7.2 

2.37 

2II.O 

89 

20.4 

214 

3.43 

10.49 

9 

Lewin 

4.3 

1.6 

I5I.6 

■— 

— 

— 

— 

— 

.  10 

1 

J  E.  R.  &  F. 
Turner \ 

3.5 

3.5 

187.8 

54 

20.7 

204 

3.26 

9.93 

1 
1  II 

Barrows    & 
Stewart. .... 

5.0 

5.0 

129.8 

26 

13-6 

120 

1.93 

8.97 

1 
12 

Ashbey,  Jef- 
fery,  &  Luke 

5.5 

2.0 

204.5 

102 

31.1 

319 

5.10 

9.27 

*  Tk£  Trials  of  PortaUe  Steam-Engines  at  Cardiff;  Report  by  the  Jud^.     1872, 
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RELATIONS  OF  GRATE-AREA  AND   HEATING  SURFACE 
TO   EVAPORATIVE  PERFORMANCK 

Special  Experiments  on  the  Relative  Value  of  the   Different 

Parts  of  Heating  Surface. 

Mr,  Graham's  Experiments^  1858. — Mr.  John  Graham  published,  in 
1858,^  an  account  of  his  experiments  on  the  proportional  evaporative  value 
of  the  different  parts  of  the  heating  surfaces  of  boilers. 

I  St  Series.  Four  open  tin  pans,  12  inches  square,  in  a  row,  set  in  brick- 
work. A  grate  1 2  inches  square  was  set  directly  under  the  first  pan,  29  inches 
below  it,  from  which  a  flash-flue  3  inches  deep  conducted  the  gaseoos 
products  under  the  other  pans  towards  a  chimney.  The  first  pan  showed 
"  the  direct  heating  effect  of  fire;"  the  second,  the  effect  of  an  "equal  surface 
of  blaze,"  the  third  and  fourth,  the  effect  of  heated  air  only.  With  a 
"  moderately  strong  draught "  the  quantities  of  water  evapw^rated  per  hour 
were  proportionally  as  follows: — 

Percentage  of 
Evaporative  Doty. 

I  St  pan, as  100     67.6 

2d     „    „     27     18.2 

3d     „    „     13     8.8 

4th   „    „      8     5.4 


1 00.0 

Showing  that  two-thirds  of  the  whole  evaporation  was  effected  from  the  first 
pan,  and  only  a  twentieth  from  the  last  pan. 

2d  Series.  Three  cylinders  of  ^-inch  plate,  3  feet  in  diameter,  and  3  feet 
long,  open  to  the  atmosphere,  in  a  row  end  to  end,  were  set  in  brickwork. 
A  grate  was  placed  under  the  first  cylinder,  3  feet  long  and  2  feet  wide, 
and  9^  inches  below  the  cylinder;  with  a  flash-flue  under  the  second  and 
third  cylinders,  concentric  with  them,  of  4  inches  radial  width,  and  carried 
up  on  each  side  to  the  level  of  the  centre  of  the  cylinders.  The  average 
results  of  eleven  trials  for  evaporation,  with  the  calculated  heating  surfaces, 
were  as  follows : — 

Area  of  grate, 6  square  feet 

Heating  surface  of  ist  cylinder, io-53 

Do.  2d       do 14-13 

Do.  3d      do 14.13 


>» 


3S.79 
Worsley  coal  consumed,  72  lbs.  per  hour,  or  12  lbs.  per  square  foot  of 
grate  per  hour.     Water  evaporated  from  60°  F.,  4.55  lbs.  per  pound  of  coal ; 
the  duty  was  proportionally  as  follows : — 

Percentage  of  Duty. 
For  Whole  Surfiu^e.  Per  Square  Foot. 

I  St  boiler, as  100     66.4,      or      73     percent 

2d     ,,    „     34.7 230,       „        18.5      „ 

3d     „    „     16     10.6,       „         8.5      „ 

1 00.0  1 00.0 

"  Transactions  of  the  Literary  and  Philosophical  Society  of  Mancluster,  vol.  xv.,  1858. 
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Showing  that  about  three-founhs  of  the  e\'aporati\*c  work  }x^^  square  Kx>t 
of  surface  was  done  bv  the  first  crtinder,  said  anW  a  tm^olfth  bv  the  thini 

Experimumts  of  Messrs,  Woods  and  I>ewrumt^  \%^^} — Mr  Kdm^ani  Woods 
and  Jir.  John  Derwiance,  in  XS42,  tested  the  ei^aporative  dut>-  of  saicccj^ix-e 
pcxtions  of  the  flue^ubes  of  a  locoraodve  boiler,  5  feet  6  inches  long* 
divided  into  six  compartments  by  i-erbcai  diaphrstf!:TO&.  The  first  coni|\ari- 
ment  was  6  inches  long,  and  each  of  the  others  1 2  inches.  It  was  found 
that  the  evaporative  duty  of  the  first  compartment  ^-as  alxvut  the  same  |>er 
square  foot  as  that  of  the  fire-box;  that  of  the  second  comivartment  al)OUt 
a  third  of  that  value;  that  of  the  remaining  compartments  N-en*  sn"iall;  and 
that  the  first  6  inches  did  more  work  than  the  remaining  60  inches  of 
tube. 

Experiwunial  Deductions  of  J/,  Paul  Havm^  1^74, — The  important 
deduction,  that  the  evaporative  p>erformance  of  similar  boilers  |>er  unit  of 
grate-area,  increases  with  the  square  of  the  surface-ratio,  is  confirmeii  by  the 
deduction  made  by  M.  Paul  Havrez  of  the  following  law,  from  the  |)erfor- 
mances  of  locomotive  boilers:^ — That  the  quantities  of  water  eva|X)rated 
by  consecutive  equal  lengths  of  flue-tubes  decrease  in  geometrical  progrcs* 
sion,  whilst  the  distances  from  the  commencement  of  the  series  increase  in 
arithmetical  progression.  The  point,  he  adds,  at  which  the  law  begins  to 
prevail,  is  that  at  which  the  radiation  of  heat  from  the  fuel  ceases,  and  heat 
is  communicated  by  conduction  alone.  One  of  the  experiments  of  which 
the  results  were  investigated  by  M.  Ha\Tez,  was  made  by  M.  P<ftict,  of  the 
Northern  Railway  of  France,  who  repeated  the  experiment  of  Mr.  Woods 
and  Mr.  Dewrance,  and  tested  the  evaporative  value  of  the  different  parts 
of  a  locomotive  boiler  having  tubes  of  a  length  of  1 2  feet  3  inches  divided 
into  five  compartments.  The  first  compartment  consisted  of  the  fire-box, 
with  3  inches  of  length  of  the  tubes;  and  the  four  tube-sections  were  3.0a 
feet  long.  Using  coke  and  briquettes  as  fuel,  the  average  results  were  as 
follows: — 

Fire-box        ist  Tube        adlube       3d  Tube       Ath  Tube 
Section.         Section.        Section.        Section.        Section. 

{60.28  box 
16^5  tubes. 
76.43        179  179  179         179  sq.ft. 

Water  evaporated  per  ] 
squarefoot  per  hour,  >       24.5  8.72         4.42         3.53         1.68  lbs. 

with  coke ) 

Water  evaporated  per  \ 
squarefoot  per  hour,  >      36.9         11.44        S'?^         Z^S^         2.31  lbs. 


with  briquettes. 


M.  Havrez's  law  of  progression  is  traceable  here,  and  whether  it  be  exact, 
or  only  approximately  true,  the  rapidly  diminishing  evaporations  are  corro- 
borative of  the  results  of  previous  experiments.     If  the  successive  evapora- 

'  7)1/  Engineer,  March,  18^8. 

•  ••  ETaporation  in  Steam-boilers  decreasing  in  Geometrical  Progression. **  by  M,  Taul 
Havrez,  Annala  du  Ghtie  Civil,  August  and  Scptcml>er,  1874 ;  abstracted  in  the  Proceed- 
ings  ef  ike  InstOtUion  of  Civil  Engineers,  vol  xxxix.,  page  398,  1874-75. 
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tions  be  set  off  as  ordinates  to  a  base  line  representing  the  advance  of  the 
heating  surface,  and  contoured,  the  area  of  the  figure  is  a  measure  of  the 
total  evaporation.  The  area  would  bulk  largely  at  the  first  part,  and  taper 
down  quickly  towards  the  end ;  and  it  is  easily  comprehended  that  sudi 
areas  of  evaporation  for  boilers  of  different  total  lengths  or  quantities  of 
surface,  may  increase  practically  as  the  squares  of  fiie  total  surfaces,— 
supposing  that  the  final  temperatures  of  the  gases  in  leaving  the  boilers 
were  the  same. 

Formulas  for  the  Relations  of  Grate-Area,  Heating  Surface, 

Water,  and  Fuel. 

It  is  well  known  that,  in  a  given  boiler,  in  which  the  grate  and  the  heat- 
ing surface  are  constant — and,  of  course,  also  the  ratio  of  the  surface  to  the 
grate-area, — the  greater  the  quantity  of  fuel  consumed  per  hour  the  greater 
also  is  the  quantity  of  water  evaporated ;  but  that  the  production  of  steam 
increases  at  a  less  rate  than  the  combustion,  in  other  words,  that  the  quan- 
tity of  water  evaporated  per  pound  of  fuel  is  diminished*  But  it  has  remained 
a  question: — At  what  rate  does  this  diminution  of  efficiency  take  place? 
The  answer  is  supplied  by  the  fact,  generalized  from  the  experimental  obser- 
vations on  stationary,  portable,  marine,  and  locomotive  boilers,  detailed  or 
noticed  in  preceding  pages,  that  the  total  quantity  of  water  evaporated  per 
square  foot  of  grate  is  expressed  by  a  constant  quantity,  A,  plus  a  constant 
multiple,  B  c,  of  the  fuel  consumed  per  square  foot  of  grate,  or  by  the  general 
formula 

a/  =  A-fBr (i) 

The  sense  of  this  equation  is,  that  though  the  water  evaporated  per 
square  foot  of  grate  does  not  keep  pace  with  the  fuel  consumed,  yet  that  the 
quantity  of  water  increases  by  equal  increments  for  equal  increments  of  fuel 
per  s  juare  foot  of  grate. 

Again,  on  the  inverse  supposition,  that  the  efficiency  of  the  fuel  remains 
constant,  how  is  the  performance  of  a  boiler  affected  by  the  proportions  of 
the  grate-area  and  the  heating  surface?  The  author,  in  1852,  investigated 
this  question  by  the  aid  of  the  observations  already  noticed,  of  the  evapora- 
tive performance  of  locomotive-boilers,  using  coke;  and  he  deduced  from 
them,  that,  assuming  throughout  a  constant  efficiency  of  the  fuel,  or  pro- 
portion of  water  evaporated  to  the  fuel,  the  evaporative  performance  of  a 
locomotive  boiler,  or  the  quantity  of  water  which  it  was  capable  of  evapo- 
rating per  hour,  decreases  directly  as  the  grate-area  is  increased ;  that  is  to 
say,  the  larger  the  grate  the  smaller  is  the  evaporation  of  water,  at  the 
same  rate  of  efficiency  of  fuel,  even  with  the  same  heating  surface. 
2d.  That  the  evaporative  performance  increases  directly  as  the  square  of 
the  heating  surface,  with  the  same  area  of  grate  and  efficiency  of  fuel 
3d.  The  necessary  heating  surface  increases  directly  as  the  square  root  of 
the  performance ;  that  is  to  say,  for  example,  for  four  times  the  performance, 
with  the  same  efficiency,  twice  the  heating  surface  only  is  required.  4th. 
The  necessary  heating  surface  increases  directly  as  the  square  root  of  the 
grate,  with  the. same  efficiency;  that  is  to  say,  for  instance,  if  the  grate  be 
enlarged  to  four  times  its  first  area,  twice  the  heating  surface  would  be 
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required,  and  would  be  sufficient,  to  eva})orate  the  same  quantity  of  water 
per  hour  with  the  same  efficiency  of  fuel. 

Let  W  be  the  quantity  of  water  evaporated  per  hour,  and  C  the  weight 
of  coke  consumed  per  hour,  W  and  C  varying  so  as  to  preserve  a  constant 
ratio  to  each  other;  let  h  =  the  heating  surface,  and  g=  the  area  of  grate,  in 
square  feet;  then 

W  =  w^'; (2) 

in  which  /«  is  a  constant  When  the  water,  W,  is  expressed  in  cubic  feet, 
and  9  lbs.  of  water  is  evaporated  per  pound  of  fuel,  the  value  of  w, 
deduced  from  the  results  of  forty  experiments,  was  found  to  be  .00222,  and 

W  =  . 0022 2  —  (3) 

Reduced  to  the  standard  of  one  square  foot  of  grate,  let  w  and  c  be  the 
weights  of  water  and  fuel  respectively,  per  square  foot  of  grate,  in  constant 
ratio  to  each  other;  then,  dividing  the  above  formulas  respectively  by^, 

w  =  m{-)% (4) 

and  w  (cubic  feet)  =  .00222  ( — )' (  5  ) 

Showing  that,  when  the  ratio  of  water  to  fuel  is  constant,  the  performance 
of  the  boiler,  per  square  foot  of  grate,  increases  as  the  square  of  the  ratio 
of  the  heating  surface  to  the  grate-area.  The  following  table  of  examples, 
extracted  from  /^at/way  Machinery^  shows  how  closely  the  evaporation 
proceeded  according  to  the  square  of  the  surface-ratio,  when  9  lbs.  of  water, 
at  the  ordinary  temperatures  and  pressures,  was  evaporated  per  pound  of 
coke. 

Table  No.  282. — Of  Relative  Heating  Surfaces  and  Rates  of 
Consumption  of  Water  in  Locomotive  Boilers. 

(Railway  Machinery.) 


Oassiiied  Groups  of  Locomotives. 


Orion,  Sirius,  Pallas,  E.  &  G.  Ry, 

C  R.  Passenger  Engines, 

Snake,  L.  &  S.  W.  Ry 

Sphynx,  A,  Hercules, 


Sttrface- 
xado. 


ratio. 
52 

66 
72 
90 


Consump- 
tion of 
Water  per 
Hour  per 
Sq.  Foot  of 
Grate. 


cubic  feet. 

6.15 

8 
12 
18 


Water  per 

Pound  of 

Coke. 


lbs. 
9 

8.9 
8.92 


Number 

of  Ex- 

periments. 


13 

2 

8 


The  quantities  of  water  are  thrown  into  the  parabolic  curve,  AC, 
Fig.  328,  next  page,  being  ordinates  to  the  baseline,  A B,  on  which  the 
relative  surface-ratios  are  measured. 

It  was  thus  found,  that,  practically,  there  can  never  be  too  much  heating 
surface,  as  regards  economical  evaporation,  but  there  may  be  too  little;  and 

^  Railway  Machinery^  page  158. 
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that,  on  the  contrary,  there  may  be  too  much  grate-area  for  economical 
evaporation,  but  there  cannot  be  too  little,  so  long  as  the  required  rate  of 
combustion  per  square  foot,  does  not  exceed  the  limits  imposed  by  physical 
conditions.  r- 


r» 


A/r 


§ 


3 


Heating  Surface-ratios. 


Fig.  328. — Diagram  to  show  Rate  of  Economical  Consumption  of  Water  per  hour  per  foot 

of  Grate,  for  given  Surfatoe-ratios. 

To  co-relate  the  formula  ( i ),  in  which  the  surface-ratio  is  constant, 
with  the  formula  ( 4 ),  in  which  the  evaporative  efficiency  of  the  fuel  is 
constant,  it  may  suffice  for  the  present  to  observe  that  the  quantity  Br  is 
constant  for  all  surface-ratios,  and  that  the  quantity  A  varies  as  the  square 

of  the  surface-ratio.     Let  the  surface-ratio  —  =  r,  then  A  =  ar^,  in  which  a  is 

a  constant  which  is  specific  for  each  kind  of  boiler;  and 

7£/  =  ^r'+Br  (6) 

w  =  the  water  evaporated  in  pounds  per  square  foot  of  grate  per  hour. 
r=the  fuel  consumed  in  pounds  per  foot  per  hour. 

E  =  —  =  the  efficiency  of  the  fuel,  or  the  weight  of  water  evaporated 

^  per  pound  of  fuel. 

A  =  ar'  =  a  constant,  which  is  specific  for  each  kind  of  boiler. 
B  =  a  constant  multiplier,  specific  for  each  kind  of  boiler. 

r=  —  =the  ratio  o^  the  heating  surface  to  the  grate-area, 

a  =  3.  constant,  specific  for  each  kind  of  boiler. 

When  the  water  and  fuel  per  foot  of  grate  per  hour  are  given,  the  value  of 
the  required  surface-ratio  is  found  from  the  above  formula,  for  ar'  ~  w  -  Br, 
and 


-^/ 


w-Bc 
a 


(7) 


When  the  water  per  foot  of  grate  per  hour,  and  the  surface-ratio,  are 
given,  to  find  the  fuel  per  foot  of  grate  per  hour  required  to  evaporate  the 
water :  B  r  =  «/  -  ar ',  and 


c  - 


w  -  aK 


B 


(3) 


w 


\\Tien  the  efficiency  E  =  — ,  of  the  fuel  is  given,  that  is,  the  weight  of  water 
evaporated  per  pound  of  fuel;  also,  the  surface-ratio;  to  find  the  fuel  that 
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may  be  consumed  per  square  foot  of  grate  per  hour  corresponding  to  that 


efficiency.   As  -  =  E  = 

c 


w     ^     ar'  +  Bc    ^  .  ar' 


=  B  +  — ;  then  jr'  =  ^(E-B);  and 


c- 


E-B 


(9) 


w 


When  the  efficiency  E  or  — ,  and  the  fuel  consumed  per  foot  of  grate  per 
hour,  are  given,  to  find  the  surface-ratio  required  to  effect  that  evaporation. 
As  already  found,  ar^  =  r  (E  -  B),  and  r*  =  ^-^  — -/ ;  whence, 


-V^^^ (") 


Newcastle  Marine  Boiler y  page  785. 

Select  for  comparison,  from  tables  Nos.  274  and  275,  pages  786  and  788, 
the  performance  of  this  boiler  with  a  grate-area  of  22  square  feet,  and  749 
square  feet  of  heating  surface,  34.05  times  the  grate,  with  increasing  rates  of 
combustion  of  coal  per  square  foot  per  hour.  Find  the  corresponding 
weights  of  water  evaporated  per  square  foot,  and  plot  them  to  a  vertical  scale. 


Fig.  339. — Newcastle  Marine  Boiler.— Diagram  to  show  Relation  of  Water  and  Coal  per  square  foot  of 

Grate-area,  22  square  feet.    Surface-ratio,  34.05. 

up>on  a  base-line  A  B,  Fig.  329,  measuring  the  weights  of  coal  consumed. 
They  are  found  to  lie  in,  or  close  to,  a  straight  line,  D  C,  drawn  obliquely 
upwards  from  a  point,  D,  in  the  ordinate  of  zero,  at  a  level  which  is  25  lbs. 
above  the  base-line,  and  the  general  formula  (  6  )  becomes 

o'-- 25 +  971^; (  II  ) 

in  which  A  =  25,  and  8  =  9.71.  The  annexed  table,  No.  283,  shows  the 
correspondence  of  the  actual  quantities  of  water  evaporated,  with  those 
which  are  calculated  from  the  coal  consumed,  by  this  formula  (  1 1  ).^ 

*  The  diagonal  line  C  D,  in  Fig.  329,  does  not  exactly  strike  the  average  of  the  results 
for  the  grate  of  22  square  feet  alone ;  but  it  is  the  average  for  the  results  obtained  from  the 
various  sizes  of  grate  taken  together.     For  reference  to  the  line  A  £,  see  page  817. 
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Table  No.  283. — Newcastle  Marine  Boiler — Relations  of  Coal 

AND  Water. 

Grate  22  square  feet.     Surface-ratio  54.05 


No».  of 
Experi- 
ments in 
TaUes 
No.  374 
and  375. 

Coal  per 

Foot  of 

Grate 

per  Hour. 

Water  per 

Pound  of 

Coal,  from 

and  at 

aia*  F. 

Total  Water  per  Foot  of  Grate 
per  Hour. 

Water 

per  Pound 

of  Coal, 

accordmE 

to 
Formula. 

Observed. 

By 
Formula 

Diflerenoe 

by 

Fonnola. 

5 
14 

;i 

6 
18 

lbs. 
17.27 
22.08 
23.04 
25.97 
26.05 
26.98 
28.51 

Ibt. 
11.70 
II.41 
10.62 
II. 17 

10.33   ! 
10.80   , 
10.58   1 

1 

lbs. 
202.0 
251.9 

244.7 
29a  I 

269.1 

291.4 

301.6 

lbs. 
192.7 

2394 
248.7 
277.2 

277.9 
287.0 

301.8 

percent. 
-4.6 

+  1.6 

-4-4 
+  3.3 

0.0 

lbs. 
II. 16 
10.84 

10.79 
10.67 

ia67 
ia64 
10.58 

Since  A  =  ar*  =  25,  in  the  present  instance:  a-^  =  —  5_  =  .02156,  and 

^  ^  \        r^     34.05*  ^  ' 

ar'  =  .02i56r'.     By  substitution,  the  following  formula  is  obtained,  which 
applies  to  all  surface-ratios  in  the  Newcastle  boiler: — 

a/  =  .02i56r*  +  9.7i^  (12) 

Table  No.  284. — Newcastle  Marine  Boiler — Relations  of  Coal 

AND  Water. 


Varying  grate-area  and   surface  ratio. 

Calculations  for  normal  surface-ratio  14.0^ 

by  formula  (  1 1  ). 

Coalper  Sqi 

aare  Foot  of 

Water  per  Sq.  Foot  of  Grate  per  Hour, 
for  Normal  Surface-ratio,  34-05. 

No.  of 

Elxpcri- 

ment. 

Grate-area. 

Sur&ce- 
ratio. 

Grate  per  Hour. 

Actual 

Reduced  in 
the  Ratio  of ' 
the  Squares 
of  the  Sur- 
face-ratios, 
for  Normal 

1 

Reduced  in 

the  same 

Ratio  as 

for  the  Coal. 

Calculated 

from 
Column  5 

by 
Formula 

Dinercnoc 
by 

X) 

1 

Ratio,  34  05. 

1 

(««). 

I               (2) 

(3) 

[*> 

(5) 

(6)          1          (7) 

(8^ 

1 

sq.  feet. 

rauo. 

lbs. 

lbs. 

lbs. 

lbs. 

percent 

10 

42 

•7-83 

16.0 

58.35 

563.1 

591.6 

+    5.1     i 

II 

>» 

n 

17.6 

63.82 

583.3 

644.7 

-i-ias    ' 

12      1 

»» 

If 

18.13 

66.12 

592.4 

667.0 

-1- 12.6    1 

13 

33 

22.7 

2a  36 

45.81 

423.7 

469.8 

+  ia9    1 

2      1 

28.5 

26.28 

19.0 

31.90 

355.0 

334.8 

"  H    i 

i      5     ! 

22 

34.05 

17.27 

17.27 

202.0 

192.7 

-  4.6    ' 

'     '**    1 

» 

» 

22.08 

22.08 

251.9 

239.4 

-  5.0 

'I    ' 

» 

if 

23.04 

23.04 

244.7 

248.7 

+  1.6 

16 

1 

>» 

» 

25.97 

25.97 

290.1 

277.2 

-  44 

17 

» 

w 

26.05 

26.05 

269.1 

277.9 

+   3.3 

6 

>» 

» 

26.98 

26.98 

291.4 

287.0 

-   1.5 

18 

1 

>» 

» 

28.51 

28.51 

301.6 

301.8 

ao 

4 

19.25 

38.91 

17.25 

13.21 

165.5 

153.3 

-  7.4 

21 

18 

41.61 

18.67 

12.50 

139-7 

1464 

+  4.8 

22 

» 

» 

24.89 

16.67 

182.7 

186.9 

+  2.3 

7 

» 

if 

27.36 

18.32 

208.3 

202.9 

-  2.6 

8 

15.5 

48.32 

37.40 

18.57 

197.4 

205.3 

-1-  4.0 

COMPARATIVE  EFFICIENCY  OF  HFJiTlNG  SURFACE. 


809 


The  results  of  the  other  experiments  with  the  Ne¥rcastle  boiler,  made 
^th  different  areas  of  grate,  may  be  reduced  for  direct  comparison  with 
those  made  with  the  22-feet  grate,  by  reducing  both  the  coal  and  the  water 
per  square  foot  per  hour,  in  the  ratio  of  the  squares  of  the  respective  surface- 
ratios,  whilst  the  ratio  of  the  coal  and  water,  or  the  efficiency,  remains 
constant  The  table  No.  284  shows  the  reduced  water  (co'umn  6) 
corresponding  to  the  reduced  coal  (column  5),  for  the  normal  surface-ratio 
34.05.  In  column  7,  the  reduced  waters  are  given  as  calculated  by  the 
fomula  (11);  and  the  differences  by  the  formula,  which  are,  upon  the 
whole,  inconsiderable,  are  given  in  the  last  column. 

To  show  the  suitability  of  the  formula  (  1 2  )  for  the  calculation  of  water 
evaporated,  from  the  given  surface-ratios,  as  they  are,  the  aimexed  table. 
No.  285,  shows,  by  comparison  (colunms  5  and  6),  the  actual  and  calculated 
quantities  of  water  evaporated  by  the  coals  (column  4),  with  the  ratios  in 
column  3.  The  percentages  of  differences  are  identical  with  those  already 
exhibited  in  the  previous  table. 

Table  No.  285. — Neiu'castle  Marine  Boiler — Relations  of  Coal 

AND  Water. 


Varying  gnUe-i 

ureas  and  sorface-ratios 

Calculations  for  the  actual 

ratios,  by  foimula  ( 12  ). 

1 
1 

1 

Water  per  Square  Foot  of  Grate  per 

Namber 

of 
Expen- 

Grate- 

Suxtaco- 
ntia 

Coal 
per  Square 

Foot  of    ; 
Grate  per 
Hour. 

Actual, 

as  from 

and  at 

aia*  Fahr. 

Calculated 

by 

Formula 

by 
Formula. 

(t) 

'*K 

<3) 

(4) 

(5) 

(6) 

(7) 

square  fieeL 

lbs. 

lbs. 

lbs. 

percent. 

10 

42 

17.83 

16.0 

154.4 

162.2 

+    5.1 

II 

» 

n 

17.6 

160.9 

177-7 

+  10.5 

12 

n 

n 

18.13 

.      162.5 

182.8 

+  12.6 

13 

33 

22.7 

20.36 

188.3 

231.5 

+  10.9 

2 

28.S 

26.28 

19.0 

211. 5 

199.4 

"  5-7 

5 

22 

34.05 

17.27 

202.0 

192.7 

-  4-6 

14 

» 

II 

22.08 

251.9 

239-4 

-  5-? 

15 

w 

n 

23-04 

244.7 

248.7 

+   1.6 

16 

» 

n 

25-97 

290.1 

277.2 

-  4.4 

17 

» 

» 

26.05 

269.1 

277.9 

+  3.3 

6 

n 

w 

26.98 

291.4 

287.0 

-   1.5 

18 

» 

n 

28.51 

301.6 

301.8 

0.0 

4 

19.25 

38.91 

17.25 

2 16. 1 

1      200.1 

-  74 

21 

18 

41.61 

18.67 

208.5 

1      218.6 

+  4.8 

22 

n 

ff 

24.89 

272.8 

1      279.0 

+   2.3 

7 

ly 

n 

27.36 

311. 1 

j      303.0 

-  2.6 

8 

1 55 

48.32 

37.40 

397-6 

1      413.5 

+  4.0 

The  consistency  of  the  results  of  the  application  of  the  formula  under 
widely  varying  proportions  of  boiler,  and  varying  rates  of  combustion, 
afibrds  evidence  of  the  correctness  of  the  principles  on  which  it  is  based. 

IVtgan  Marine  B oiler y  page  781. 

The  trials  of  this  boiler  were  made  with  a  constant  grate  of  10.3  square 
feet  area,  and  a  constant  surface  of  508  square  feet,  giving  a  surface-ratio 
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of  50.  The  average  results  of  the  trials  selected  for  the  present  purpose, 
are  placed  in  the  following  table,  together  with  the  quantities  of  water 
evaporated,  as  calculated  by  the  following  formula  deduced  from  the 
plotting  of  the  results: — 

a/  =  25-f  10.75  r  (13) 

Showing  a  smaller  constant  and  a  greater  multiple  than  the  formula  of  the 
Newcasde  boiler.  Substituting  for  25  the  general  expression  a  r\  and 
reducing  for  the  value  of  w,  the  general  formula  is, 


a/  =  .oi  r'+  10.75  ^\ 


(14) 


which  may  be  employed  for  different  surface-ratios. 


Table  No.  286. — Wkian  Marine  Boiler — Relations  of  Coal 

AND  Water. 

Grate  10.3  square  feet;  surface-ratio  5a 


Dbsckiption  op  Coals. 

Coal 
per  Foot 
of  Grate 

Hour. 

Water 

per  Pound 

of  Coal, 

from  and 

at  2ia* 

Fahr. 

Total  Water  per  Sauare  Foot 
of  Grate  per  Hour. 

Observed. 

1 

By      ' 

Formula  ' 

{13;. 

Differcfictf 

by 

Fonnula. 

South  Lancashire  and  Cheshire ) 
coals— Mr.  Fletcher's  trials ( 

South  Lancashire  and  Cheshire  i 
coals— Messrs.  Nicol  &  Lynn...  \ 

Hartley's  (Newcastle)  coals  

Welsh  coals 

lbs. 

27.63 

27.50 
41.25 
28.83 
26.20 

lbs. 
11.54 

11.92 
n.36 
11.95 

12.44 

Ib6. 
i     318.8 

327.8 
468.6 

344.5 
325.9 

lbs. 
322.1 

32a6 
468.6 

334-9 
306.6 

perceoL 

-t-I.O   ' 

1 
-2.2 

0.0   , 

-6.0 

It  appears  from  this  table  that  the  South  Lancashire  and  Cheshire  coals, 
and  the  Newcastle  coals,  were  equally  efficient;  and  that  the  Welsh  coals 
had  a  slightly  greater  evaporative  action  than  the  others. 


Experimental  Marine  Boiler ^  Navy  Yard^  New  York^  U.S,^  page  795. 

This  boiler  affords  examples  of  very  low  surface-ratios.  With  its  normal 
proportions,  10.8  square  feet  of  grate  and  150.3  square  feet  of  surface,  the 
surface-ratio  is  14.  When  the  flue-tubes  were  stopped  off,  the  surface-ratio 
was  only  4.21.  By  the  plotting  of  the  experimental  results,  reduced  for  a 
uniform  surface-ratio  of  1 4,  the  follo^^ing  formula  was  derived : — 

a'  =  .0204  r'+  7.624  c  (  15) 

It  is  seen  in  the  following  table,  that  the  calculated  evaporation  is  con- 
siderably in  excess  of  the  actual  reduced  evaporation,  in  the  extreme 
instances  of  the  flash-flue  and  the  small  surface-ratio,  4.21.  It  is  ob>ious 
that  such  dissimilar  cases  as  those  of  a  flash-flue  and  a  multitubular  boiler, 
are  not  directly  comparable. 
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Table  No.   2S7. — Experimental  Marine  Boiler,  Navv  Yard,  New 

York — Relations  of  Coal  and  Water. 

Varying  gxate-area  and  surface-ratio.     Calculations  for  normal 

surface- ratio  14. 


1 

Coal  per  Square  Foot 

Water  per  Square  Foot  of  Grate  per 

Index 
to 

Grate- 

1 

Surface- 

of  Grate  per  Hour.       | 

Hour,  for  Normal  Ratio  14. 

1 

Reduced  in 
the  Ratio  of 

Calculated 

from 
Column  5 

by 
Formula 

Rxpen- 

area. 

ratio. 

the  Squares 

Reduced 

Difference 

ment.      { 

Actual 

of  the  Sur-  | 

in  the 

by 

face-ratios,  | 
for  Normal 

Same  Ratio. 

Formtila. 

Ratio  14. 

(«5)- 

square  feet. 

ratio. 

lbs. 

lbs. 

lbs. 

lbs. 

percent. 

X 

10.8 

4.21 

1      11.77 

130.2 

865 

996.1 

+  15 

V 

n 

1      16.57 

183.2 

1082 

1400 

429.4 

w 

M 

» 

16.58 

183.3 

III9 

1 401 

+  25.2 

A 

n 

14 

5.57 

5.57 

51.63 

46.4 

-10.1 

B 

n 

» 

10.99 

10.99 

98.39 

87.7 

-10.9 

C 

n 

» 

16.57 

16.57 

131.7 

130.3 

-    1.0 

D 

n 

1 

22.10 

22.10 

172.5 

172.4 

0.0 

E 

n 

W                    1 

27.76 

27.76 

205.4 

215.5 

+    4.9 

I 

8.64. 

17.24 

15 

9.88 

84.80 

79.3 

-    6.5 

L 

M 

» 

20.73 

13.66 

109.60 

108. 1 

-    1.4 

J 

6.48 

22.84 

15^ 

5.64 

46.67 

47.0 

+    0.7 

M 

» 

1 

22.84 

10.30 

76.54 

82.5 

+    7.1 

K 

4.32 

34.03 

15 

2.54 

22.67 

23.3 

+    2.8 

N 

99 

99 

27.58 

4.67 

33.81 

39.6 

+  17 

'  Wi^fan  Stationary  Boilers^  page  771. 

The  data  afforded  by  these  typical  boilers  are  specially  useful,  as  they 
represent  classes  of  boilers  in  general  use  in  England.  The  severd 
experimental  results,  required  for  the  present  purpose,  are  collected  in  the 
annexed  table.  The  first  two  are  the  results  for  flash-draughts,  for  which 
the  side  and  bottom  flues  were  cut  off,  and  the  gases  were  conducted  direct 
to  the  chimney  after  having  passed  through  the  tubes.  By  plotting  the 
coal  and  water  reduced  according  to  the  squares  of  the  surface-ratios,  for 
a  uniform  ratio  of  30,  this  formula  was  obtained, — 


a'  =  20  -i-  9.56  r 


(r6) 


And  in  the  general  form,  for  various  ratios,- 


w  =  .o222r'  +  9.56^ ( 17  ) 

By  the  formula  ( 16 ),  the  quantities  of  water  in  column  6  of  the  table  No. 
288  were  calculated  from  the  reduced  coals  in  column  5. 

The  agreement  of  the  reduced  and  the  calculated  quantities  of  water 
(columns  6  and  7)  is  very  close,  excepting  for  the  flash-draught. 
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Table  No.  288. — Wig  an  Stationary  Boilers — Relation 

OF  Coal  and  Water. 

Varying  grate-area  and  surface-ratio.     Calculations  for  ratio  5a 


BOILSKS 

(Without  Economiier). 


Galloway,  flue-tubes  ) 

only S 

Lancashire,    flue-     ) 

tubes  only ) 

Galloway,  complete... 
Lancashire  and  Gal-  / 

loway ) 

Lancashire 

Do 

Do 

Do.     with  water  ) 

tubes ( 

Galloway 

Lancashire  and  Gal-  } 

loway ( 

Lancashire 

Do 


Grate- 
area. 


(2) 
sq.  feet. 

31.5 


» 
w 
n 
w 

» 

21 

ft 
ft 


Sur&ce- 
ratio. 


(3) 
ratio. 

1370 

14.74 
22.8 

235 
24.4 

91 
>l 

25.4 

34.3 

35.5 

36.5 
99 


Coal  per  Square  FooC 
of  Grate  per  Hour. 


Actual 


(4) 
lbs. 

18.58 

19.91 

18.3 

14.0 

17.26 

18.6 

I9.I 

16.71 

21.8 

23.0 

21.5 
22.7 


Reduced  in 
the  Ratio 

of  the 
Squares  of 
the  Surface- 
ratios,  for 
Ratio  30. 


Water  per  Square  Foot  of 
Grate  per  Hour  for  Ratio  joi 


(5) 
lbs. 
89.10 

82.47 

31.68 

22.82 

26.03 
28.12 
28.87 

23.3  » 
16.68 

16.43 
14.52 
15.33 


Re- 
duced 
in  the 

same 
Ratia 


(6) 
lbs. 

757.3 

678.8 

322.9 

2304 

271.5 
290.2 
293.7 

251.0 

179.6 

179.2 

158.0 
165.I 


Calcu- 
lated 
from 

Column 

Formula 
(t6). 


UmttnU 

by  For- 
mnla. 


(7) 
lbs. 

871.8 

808.4 

322.9 

238.2 

268.8 
288.8 
296.0 

242.8 

179-5 
1 77. 1 

158.8 
166.6 


18) 
+  15.0 

-I- 19.0 
OiO 

+  34 

-  1.0 

-  0.5 

-  3.3 
ao 

-  1.2 

+  0.5 
-I-  a9 


Stationary  Boilers  in  Frarue^  page  796. 

The  proportions  and  the  results  of  performance  are  treated  in  the  follow- 
ing table.  The  following  special  formulas  have  been  deduced  for  the  three 
boilers  respectively,  and  for  the  three  collectively: — 


"Fairbaim" w- 

Lancashire w- 

French a/  = 

All  the  boilers w- 


.oii43r»  +  7.7^ (  18) 

.oii26r*  -h  Z,oc (19) 

.oii26r'  +  8.or (  20  ) 

.oiiir'    +7.82^ (21) 


It  is  seen  that  the  same  formula  applies  to  the  Lancashire  and  the  French 
boilers;  and  that,  therefore,  the  reporters  of  the  trials  were  justified  in 
asserting  that  these  boilers  were  equally  efficient  The  comparatively  inferior 
quantity  evaporated  in  the  first  trial  in  the  table,  resulted  probaSjly  from 
an  excessively  large  surplus  of  air  admitted  into  the  furnace:  the  total 
quantity  of  air  in  that  instance,  amounted  to  261  cubic  feet  per  pound  of 
coal. 


MP'v.-^A 


TTVH    L:i-FIi:[ENCV 


HIiATINl 


SURFACE. 


C>1  ^ 


Tajle  N 


i. — SrAT:(;NARV  Boilkr-   :n 
OF  Coal  and  Water. 


T-> 


F:<..>CF—  ixKLAl'  C.\S 


CalcnlatiGiB  of  evapmaliTe  perfbrxnance  for  surface-ratio  30.     Rondiamp  coal. 


Baa. 


I    ratio. 


Fairbaim''. 


Frmch^.-- «. 


77 
f» 


i  sq.  feet. 

ratiQ. 

1     20.5 

49-5 

!       ^ 

19 

n 
29.8 

n 

» 

n 

20.1 

1 

30.3 

» 

n 

rr 

1       '^ 

Coal 
of 


Square  Foot 
per  Horn; 


ActnaL 


laTo 
18.53 
ICMJ 
19.15 
19.50 
11.56 

19.87 
20.57 


Redttced  ini 

the  Ratio    ' 

of  the      ! 

Squares  <A  \ 

the  Surface-, 

ratios  for 

Ratio  30. 


3.93 
6.81 

10.55 

19-41 
19.76 
11.14 

19-48 
20.16 


Water  per  Sqtiare  Foot  of  Grate     • 
per  Honr,  for  Surftce^xatio  ^a      | 


Reduced 

in  ihe 

same 

Ratio. 


lbs. 

34.8 
62.7 
94.1 

165.0 
166.8 

95-5 
165.4 
166.6 


Calcubied 
from  Col- 
umn 5,  by 
Formulas 


1x8 


X9 


20 


Ib& 
40.7 

92.5 
161.8 

164.5 

97.1 
162.^ 

167.6 


iTiflference 
by  For- 


percent 


^. 

17 

-»- 

a9     i 

~ 

1-7 

— 

1-9 

— 

1.4 

-»- 

1-7 

— 

1-9 

-»- 

0.6 

Lacomative-Boila^y  page  798. 

The  experimental  trials  firom  which  the  evaporative  perfcrtnances  of 
locomotives  have  been  tabulated,  have,  of  course,  been  conducted  under 
nuioiis  conditions.  There  is,  nevertheless,  a  remarkable  degree  of  har- 
mony amongst  them,  for,  when  plotted,  they  are  seen,  with  a  very  few 
excei>tions  of  early  date,  to  follow  the  laws  of  e^'aporative  performance 
aheaidy  enunciated.  Even  the  performance  of  the  boiler  of  the  primitive 
Killingworth  engine,  when  the  evaporative  efficiency  is  increased  by  one- 
half  to  represent  the  value  of  coke  compared  with  coal  as  imperfectly 
burned  in  that  boiler, — range  as  well  as  should  have  been  expected,  with 
those  of  other  locomotives.  In  fact,  the  improved  Killingworth  boiler 
exhibits  a  performance  above  the  general  average. 

Using  good  coke  as  fuel,  the  evaporative  performance  of  locomotive- 
boilers  in  which  the  flue-tubes  are  spaced  sufficiently  apart  to  admit  of  a 
free  circulation  of  water  around  them,  is  substantially  embraced  by  the 
following  formula  when  the  surface-ratio  is  75,  which  is  a  good  practical 
ratio: — 

a'=  100  +  7.94r(coke) (  22  ) 

For  any  given  surface-ratio,  the  general  formula  is, — 

«'  =  .oi78r'-f  7.94^  (coke) (  23  ) 

Using  good  coal  as  fuel,  the  formulas  for  the  coal-burning  locomotive 
boilers  in  table  No.  280,  page  799;  namely,  Nos.  31-34,  and  Nos,  39-41, 
are: — 

Nos.  31-34,  S.  E.  R.  Nos,  39-41,  L.  &  S.  W.  R. 

For  surfece-ratio  75,    k/  =  5o  -f  9.6r w^$o  4-  9.82^ (24) 

For  any  surface-ratio,  w  =  .oo9r*  +  9.6^     w  =  .oo9r*  +  9.82^...  (  25  ) 
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Portable-Engine  Boilers ,  page  80 1. 

These  boilers  are  arranged  in  the  table  No.  290,  in  the  order  of  the  surface- 
ratios.  The  coal  and  the  water  per  square  foot  of  grate  are  reduced  for  the 
ratio  50  (columns  5,  6),  from  which  has  been  deduced,  by  plotting,  the  for- 
mula,— 

a/=2o+  8.6r (24) 

For  any  given  surface-ratio,  the  general  formula  is, — 

a/  =  .oo8r'  +  8.6r (  25  ) 

The  calculated  quantities  of  water  (column  7),  by  formula  ( 24 ),  follow 
closely  the  reduced  quantities  (column  6),  except  in  the  first  three  instances, 
Nos.  12,  I,  and  8,  where  they  are  much  in  excess.  In  these  instances,  the 
excessive  reduction  of  the  grate  has  involved  a  material  departure  from  the 
normal  disposition  of  a  firebox,  especially  for  No.  8,  in  which  the  grate  was 
reduced  to  a  third  of  its  normal  area.  The  surface-ratios  were  driven 
up  to  102,  94.5,  and  89.  The  first  two  boilers,  Nos.  12  and  i,  have  the 
greatest  numbers  and  the  smallest  diameters  of  tubes.  The  drift  of  the 
evidence  goes  to  show  that  fewer  tubes,  of  larger  diameter,  do  better  for 
the  combustion  of  coal,  the  circulation  of  water,  and  the  absorption  of  heat 
There  is  another  exception.  No.  3,  with  a  surface-ratio  33,  in  which  the 
calculated  quantity  of  water  is  twice  as  much  as  the  reduced  actual 
quantity.  The  excess  in  this  case  is  satisfactorily  accounted  for  by  causes 
which  were  pointed  out  by  the  judges  in  their  report.* 

Table  No.  290. — Portable-Engine  Boilers: — Relations 

OF  Coal  and  Water. 


Calculations  of 

evaporative  performance  for  surface-ratio  50. 

; 

Coal  per  Square  Foot 

Water  pel 

r  Square  Foot  of  Grate 

Grate- 

of  Grate  ] 

>er  Hour. 

per  Hour  for  Surface 

'•ratio  50. 

Reduced  in 

No  of 

area  as 

Surface- 

the  Ratio 

Reduced 

Calculated 

Boiler. 

Reduced 

ratios. 

of  the 

in  the 

from  Col- 

Diflference 

for 

Actual. 

Squares  of 

same 

umn  5,  by 

by  For- 

Trial. 

the  Surface- 
ratios  for 
Ratio  50. 

Ratia 

Formula 

(24). 

mula. 

(0 

(2) 

(3) 

(4) 

(s) 

(6) 

(7) 

18) 

sq.  feet 

ratio. 

lbs. 

lbs. 

lbs. 

lbs. 

percent. 

12 

2.0 

102 

31. 1 

7.473 

69.28 

84.27 

4-    21.6 

I 

3.0 

94.5 

157 

4.395 

44.96 

57.80 

+    28.5 

8 

2.37 

89 

20.4 

5.73 

60.11 

69.28 

+     15.2 

2 

3.2 

69 

12.8 

6.721 

79.51 

77.80 

-       2.1 

») 

» 

» 

12.5 

6.564 

77.52 

76.45 

-       1.4 

10 

3.5 

54 

20.7 

17.75 

176.2 

172.6 

—       2.0 

6 

3.2 

50 

9.53 

9.53 

103.8 

102.0 

-       1.7 

4 

3.75 

45 

10.32 

12.72 

1 40. 1 

129.4 

-       7.6 

7 

4.7 

34 

130 

28.11 

262.3 

261.7 

-       0.2 

3 

5.' 

33 

14.8 

33.97 

;  155-9 

312.10 

+  100,0 

II 

5.0 

26 

136 

50.30 

451. 1 

452.6 

+       0.3 

*  "The  engine  was  indifferently  managed."  .  .  .  ''It  would  appear  that  the 
boiler  did  about  one-half,  or  rather  less  than  one-half,  its  duty  in  making  steam." — Repwt 
of  the  Judges ^  page  1 7. 
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Looking  to  the  evaporating  capabilities  of  the  portable-engine  boilers  in 
their  ordinary  condition,  with  unrestricted  grates,  it  may  be  useful  to  show 
at  what  rates  they  are  capable  of  evaporating  water  from  and  at  212®, 
in  the  ratio  of  10  lbs.  of  water  per  pound  of  coal  consumed.  For  the 
calculation  of  these  rates,  the  formula  ( 9 ),  page  807,  may  be  employed. 
It  is, 

'=E3B <'^> 

The  value  of  E  is  10,  of  B  is  8.6,  and  of  a  is  .008;  and,  by  substitution, 
.008  r» 

c=-?^^.  (27) 

1.4 

By  this  formula,  the  value  of  c^  the  quantity  of  coal  consumed  per  square 
foot  of  grate  per  hour,  is  found,  when  the  surface-ratio  r  is  given,  for  each 
boiler.  Thence,  multiplying  by  the  grate-area,  is  found  the  total  quantity 
of  coal  per  hour;  and  ten  times  the  coal  is  the  quantity  of  water.  In  this 
way  the  following  table,  No.  291,  is  calculated;  in  which  the  boilers  are 
placed  in  the  order  of  their  surface-ratios.  It  is  seen  that  No.  2  boiler  is 
capable  of  evaporating  at  the  given  rate  of  efficiency,  8.15,  say  8,  cubic  feet 
of  water  per  hour.  This  is  just  i  cubic  foot  per  nominal  horse-power: — 
all  the  boilers  having  been  designated  of  8  horse-power.  No.  11'  boilei 
would  only  evaporate  3  cubic  feet  per  hour,  at  the  given  rate  of  efficiency, 
whilst  No.  I  is  capable,  by  calculation,  of  evaporating  i6j4  cubic  feet 
per  hour.  It  has  already  been  seen  that  there  is  reason,  in  the  design 
of  its  tube-surface,  for  doubting  whether  No.  i  is  capable  of  so  good  0 
performance. 

Standard  Average  Practice  for  Portable-Engine  Boilers, — The  last  line  of 
the  table  No.  291  may  be  assumed  as  a  standard  result  of  average  practice 
for  portable-engine  boilers  of  8  nominal  horse-power.  The  following  data 
may  be  taken,  in  round  numbers : — 

Nominal  horse-power, 8  H.P. 

Area  of  fire-grate, 5.5  square  feet. 

Area  of  heating-surface, 220.0  „ 

Ratio  of  heating-surface  to  grate-area,  or  surface- )        ^o  to  i 

ratio, /        ^ 

Coal  of  good  quality  consumed  per  hour, 50  lbs. 

Do.  per  horse-power  per  hour, 6.25  lbs. 

Do.  per  square  foot  of  grate,  ...say       9  lbs. 

Water  evaporated  from  and  at  212**  F.  | 

per  hour,  at  the  rate  of  10  lbs.  per  >    500  lbs.,  or  8  cubic  feet 

pound  of  coal, j 

Do.  per  horse-power, 62.4  „    or  i  „ 

Do.          per  square  foot  of)      ^  ^^  ^  ^^ 

grate,  91  lbs., say  |    ^^      "    ^'^  ^'^S     ,» 
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Table  No.  291. — Portable-Engine  Boilers: — Calculated 

Evaporative  Performance 


From  and  at  212**  F 

'.,  at  the  rate  of  10  lbs.  of  water  per  pound  of  coaL 

Coal  Consumed  per 

1 

Hour. 

1 

Total  Water  Evaporated 
per  Hour. 

No.  of  Boiler. 

Surfftce- 
rsuio. 

Gnte-area. 

Per  Square 

Foot  of 

Total. 

Grate. 

rado. 

square  feet 

lbs. 

lbs. 

lbs. 

cubic  feet 

1 

64 

4.4 

23.40 

102.96 

1029.6 

16.50 

10 

54 

3.5 

16.66 

58.31 

583.1 

9.34 

6 

50 

3.2 

14.30 

4576 

457.6 

7.33 

4 

45 

3.75 

11.57 

4324 

432.4 

6.93 

2 

41 

5-3 

9.60 

50.88 

508.8 

8.15 

12 

37 

5.5 

7.82 

43.01 

430.1 

6.89 

9 

35 

4.3 

7.00 

30.10 

301.0 

4.82 

7 

34 

4-7 

6.60 

31.02 

3ia2 

^^2 

3 

33 

5-^ 

6.22 

31.72 

317.2 

5.08 

5 

31 

6.13 

5-50 

3371 

337.1 

5.40 

8 

29 

7.2 

4.23 

30.45 

304-5 

4.88 

II 

26 

5.0 

3.86 

19.30 

193.0 

3.09 

i  Averages, 

40 

4,84 

9.14 

44.24 

442^          7.09 

To  evapor-" 

1               1 
I 

ate  8  cubic 

I 
1 

feet       o{> 

40 

5.46 

9.14 

49.92 

499.2 

8.0 

water  per 

hour, J 

1 

General  Formulas  for  Practical  Use 

By  the  French  experiments  ^ith  stationary  boilers,  the  Lancashire  and 
French  boilers  were,  by  the  formulas,  page  812,  identical  in  performance; 
and  the  so-called  "  Fairbaim"  boiler  was  nearly  as  effective  as  these,— 
within  3  yi  per  cent  The  three  forms  of  boiler  may,  therefore,  be  accepted 
as  equally  efficient ;  and  they  may  be  classed  with  the  Wigan  boiler,  as  of 
equal  efficiency,  with  the  same  coal,  and  with  the  same  management 

The  performance  of  the  Howard  boiler,  likewise,  is  conformable  to  the 
formula  for  the  Wigan  boiler;  and  the  Howard  boiler  is  a  type  of  the 
"  sectional "  kind  of  boilers. 

The  formula  for  the  Wigan  boiler  is,  therefore,  applicable  to  all  stationar}' 
boilers,  other  than  multitubular,  with  good  coal  and  good  management 

The  performances  of  the  Newcasde  and  the  Wigan  marine  boilers,  are  nearly 
alike.  Thus,  for  a  surface-ratio  30,  the  corresponding  quantities  of  water, 
w,  for  different  rates  of  coal,  r,  per  square  foot  of  grate  per  hour,  are  as 
follows : — 

Coal, c=  10  20  30  40     lbs. 

Newcastle  boiler, w=  116.5  213.6  310.7  407.8    „ 

Wi2;an  boiler, w^  116.5  224.0  331.5  439.0    „ 

Differences, w=  0.0  10.4  20.8  31.2    „ 

Less  than  Wigan,...  0.0  4.6         6.3         7.1  per  cent 
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Halve  the  difference,  and  take  a  mean  of  the  formulas;  the  mean  will 
be  a  satisfactory  general  formula  for  marine  boilers : — 

Newcastle, w  =  .o2i56  r'  +  Q.yi  c 

VVigan, «/  =  . 01  r'+ 10.75  r 

Mean, a/  =  .oi6  r»+ 10.25^  (28) 

For  coal-buming  locomotive  boilers  a  mean  of  the  two  formulas  adduced, 
page  813,  which  are  nearly  identical,  will  be  a  satisfactory  formula: — 

S.  E.  Railway, «'  =  .oo9  r*  +  9.6  r 

L.  &  S.  W.  Railway,  w  =  .009  r'  +  9.82  c 


Mean, tt'  =  .oo9  r'  +  9.7^    (29) 

The  general  formulas  which  have  been  deduced  are  here  collected  to- 
g;ether : — 

Formulas  for  the  Relation  of  Coal  and  Water  consumed  in  Steam-boilers  per 
square  foot  of  grate-area  per  hour,  and  the  ratio  of  the  heating-surface  to 
the  area  of  the  fire-grate. 

Water  taken  as  evaporated  from  and  at  aza*  F. 

Stationary  Boilers, «/  =  .o222r*+   9.56^ (30) 

Marine  Boilers, w=   .016  r'+ 10.25  r (31) 

Portable-engine  Boilers,.,  w  =   .008  r'  +   8.6  ^  (  32  ) 

Locomotive  Boilers  )  ,  .  /       v 

(coal-burning),  ;••••  «'=   •°*'9'-+   9-7^  (33) 

Locomotive  Boilers  )                     ^o    a  .  /       \ 

(coke-burning),  J  •••  a'  =  .oi78r'-h   7-94^ (34) 

Limits  to  the  Application  of  the  Formulas .(  30  )  /^  (  34 ). 

There  are  minimum  rates  of  consumption  of  fuel  below  which  these 
formulas  are  not  applicable.  The  limit  varies  for  each  kind  of  boiler,  and 
it  varies  with  the  surface-ratio.  It  is  imposed  by  the  fact  that  the  maximum 
evaporative  power  of  fuel  is  a  fixed  quantity,  and  is  naturally  at  that  point 
of  the  scale,  say  E  in  Fig.  329,  page  807,  where  the  reduction  qf  the  rate 
of  combustion  for  a  given  ratio,  procures  the  absorption  into  the  boiler  of 
the  whole  of  the  proportion  of  the  heat  which  is  available  for  evaporation. 
In  the  combustion  of  good  coal  the  limit  of  evaporative  efficiency  may  be 
taken  as  measured  by  1 2  ^  lbs.  of  water  from  and  at  212°  F. ;  and  in  that 
of  good  coke  by  12  lbs.  of  water  from  and  at  212°  F.  The  doited  line 
EA,  Fig.  329,  represents  the  correct  course  of  the  diagram  towards  the 
zero  point,  indicating  a  constant  proportion  of  21/=  12.5  ^,  for  coal;  or  w  = 
12  c,  for  coke. 

To  ascertain  the  minimum  rates  of  combustion  of  coal  for  stationary 
boilers,  to  which  the  formula  ( 30 )  applies : — The  limit  is  reached  when  w 
becomes  equal  to  12.5^;  or  when  i2.5^=,o222r*  +  9.56^,or.o222r'=(i2.5- 

9.56)  c  =  2.94  c.    By  reduction,  c  =  * r*  =  .00755  ^'    For  ^  given  surface- 

2.94 
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ratio  r,  the  limiting  value  of  r  is  found  by  multiplying  the  square  of  the 
ratio  by  .00755. 

For  the  other  kinds  of  boiler,  the  limiting  values  of  c  are  found  in  the  same 
way.     They  are  here  placed  all  together: — 


Stationary  boilers,  limiting  value  of  c 

Marine  boilers, „  „ 

Portable-engine  boilers, „  „ 

Locomotive  boilers  ^coal-burning),         „  „ 

„  „      (coke-burning),        „  „ 


=  .00755^. 
=  .007  r'. 

=  .002  r\ 

=  .00325  r\ 

=  .0044  r\ 


For  lower  values  of  r,  or  consumptions  of  fuel  per  square  foot  of  grate  per 
hour,  the  values  of  a/,  the  corresponding  quantities  of  water,  are  simply 
12.5  r  for  coal,  and  12  ^for  coke. 

The  annexed  table.  No.  292,  contains  the  limiting  values  of  c  for  given 
surface-ratios  r. 


Table  No.  292. — Minimum  Values  of  c,  or  Minimum  Quantities  of 
Fuel  Consumed  per  Square  Foot  of  Grate  per  Hour,  for 
GIVEN  Surface-Ratios,  to  which  the  Formulas  (30)  to  (34) 
ARE  Applicable. 


10 


SURPACS-KATIOS. 

15  I  20  i  30 


40       SO 


Minimum  Consumption  of  Fuel  per  Square  Foot  of 
Grate  per  Hour. 


Stationary, 

Marine, 

Portable, 

Locomotive  (coal-burning),. 
Do.         (coke-burning). 


lb. 
.2 

.17 
.05 

.1 

.1 


lb. 

lb. 

lbs. 

lbs. 

lbs. 

lbs.    1 

.7 

1.7 

3.0 

6.8 

I2.I 

18.9 

.7 

1.6 

2.8 

6.3 

1 1.2 

17-5 

.2 

4 

.8 

1.8 

3.2 

P 

.3 

.7 

1.3 

2.9 

S.2 

8.1 

4 

I.O 

1.8 

4.0 

7.0 

11.0 

Surface-ratios  [contiHtud). 


60 


Locomotive  Tcoal-buming),. 
Do.         (coke-burning), 


11.7 
16 


70    !    75 


159 
21 


18.3 
25 


80 


20.8 

28 


90 


26.3 

36 


100 


32.5 

44 


The  only  limit  to  the  application  of  the  formulas  (  30  )  to  (  34  ),  to  ascend- 
ing values  of  r,  or  quantities  of  fuel  per  square  foot  per  hour,  is  the  limit  of 
endurance  of  the  fuel  itself  under  the  action  of  the  draught: — from  100  lbs. 
to  1 20  lbs.  per  square  foot  per  hour,  for  ordinary  hard  coal  or  coke.  Beyond 
this  limit,  the  fuel  is  liable  to  be  shaken  and  partly  dispersed,  unconsumed, 
by  the  force  of  the  draught;  although  coke  has  been  known  to  withstand 
the  draught  of  a  locomotive  when  consumed  at  the  rate  of  130  lbs.  per 
square  foot  per  hour. 
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Table  No.  293. — Evaporative  Performance  of  Steam-Boilers,  for 
Increasing  Rates  of  Combustion  and  Different  Surface-Ratios. 

For  best  coal  and  best  coke ;  surface-ratio  30. 


Kind  of  Boiler, 
and  Fuel. 


Stationary,  coal, 
fbrmula  (30). 


Water  from  and  at 
aia*  F.  per  Hour. 


Marine,  coal,  for- 
mula (31). 


Portable,    coal, 
formula  ( 32 ). 


Per  square  foot 
Per  lb.  of  coal 


Per  square  foot 
Per  lb.  of  coal 


Locomotive  (coal- 
burning), 
formula  (33). 


Locomotive  (coke- 
burning), 
formula  (34). 


Per  square  foot 
Per  lb.  of  coal 


Per  square  foot 
Per  lb.  of  coal 


Per  square  foot 
Per  lb.  of  coke 


Fuel  per  Square  Foot  of  Grate  per  Hour,  in  pounds. 


lbs. 
62.5* 
12.5 


62.5* 
12.5 


50 
10 


57 
1 1.4 


56 
II. 14 


10 


lbs. 

116 

11.56 


117 
11.69 


93 
9-3 


105 
10.5 


95 
9.54 


15 


lbs. 

0.89 


168 
11.25 


136 

9.01 


154 

10.26 


135 

9.02 


20 


lbs. 

211 

10.56 


219 
10.95 

179 
8.95 


202 
10.10 


J  75 
8.75 


30 


lbs. 

307 

10.23 


322 
10.69 


265 

8.83 


299 

9-97 


254 
8.47 


40 


lbs. 

402 

10.06 


424 
10.61 


8.77 


396 
9.90 


334 
8-35 


50 


lbs. 
498 
9.96 


527 
10.54 


437 
8.74 


493 
9.86 


8.03 


Surface-ratio  50. 


Kind  of  Boiler, 
and  FueL 


Stationary,  coal, 
formula  (30). 


Marine,  coal,  for- 
mula (31). 


Water  from  and  at 
2X3*  per  Hour. 


Per  square  foot 
Per  lb.  of  coal 


Per  square  foot 
Per  lb.  of  coal 


Portable,    cool, 
formula  (32). 


Per  square  foot 
Per  lb.  of  coal 


Locomotive  (coal- 
burning), 
formula  ( 33 ). 


Per  square  foot 
Per  lb.  of  coal 


Locomotive  (coke- 
burning), 
formula  (34). 


Per  square  foot 
Per  lb.  of  coke 


Fuel  per  Square  Foot  of  Grate  per  Hour,  in  pounds. 


lbs. 

62. 5* 
12.5 


62.  s* 
12.5 


62.  s* 

12.5 


62.  s* 
12.5 


6o» 
12.0 


10 


lbs. 
125* 
12.5 


12s* 
12.5 


106 
10.6 


120 
11.95 


120' 
12.0 


15 


lbs. 

187. 5^ 

12.5 


187.5* 
12.5 


149 

9-93 


168 
11.20 


164 
10.91 


20 


lbs. 
247 

12.33 


245 
12.25 


192 
9.6 


217 
10.85 


203 
10.16 


30 


lbs. 

342 

II. 41 


348 
11.58 


278 
9.27 


314 
10.45 


283 
9.42 


40 


lbs. 

438 
10.95 


450 
11.25 


364 
9.10 


411 
10.26 


362 
9.05 


50 


lbs. 

534 
10.67 


552 
11.05 


450 
9.00 


508 
10.15 


442 
8.83 


Surface-ratios  75. 


Kind  of  Boiler, 
and  Fuel. 


Locomotive  (coal- 
burning), 
formula  (33). 


Locomotive  (coke- 
burning), 
formula  (34). 


Water  from  and  at 
3X3*  per  Hour. 


Per  square  foot 
Per  lb.  of  coal 


Per  square  foot 
Per  lb.  of  coke 


Fuel  per  Square  Foot  of  Grate  per  Hour,  in  pounds. 


30 


lbs. 

342 
11.39 


40 


lbs. 

439 
10.97 


338 
11.27 


418 
10.44 


50 

60 

75 

90 

lbs. 

lbs. 

lbs. 

lbs. 

536 

633 

10.65 

778 

927 

10.71 

10.37 

10.26 

497 

576 

695 

815 

9-94 

9.61 

9.26 

9.05 

100 


lbs. 

1020 
10.20 


894 
8.94 


*  These  quantities  fall  below  the  scope  of  the  formulas  for  the  water,  as  explained  in 
the  text. 
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EVAPORATIVE  PERFORMANCE  OF  STEAM-BOILERS. 


Applications  of  the  General  Formulas  for  the  Evaporative 

Performance  of  Steam-Boilers. 

The  table  No.  293,  preceding  page,  contains  the  relative  quantities  of  fiid 
consumed  and  water  evaporated,  for  surface-ratios  and  rates  of  combustion 
per  square  foot  of  grate  per  hour,  within  the  range  of  ordinary  practice.  It 
is  seen  that,  with  the  surface-ratios  30  and  50,  the  boilers  are  in  the  order 
of  evaporative  efficiency  as  follows : — 


bURFACB-RATIO  30. 

Marine. 

Stationary. 

Locomotive  (coal-burning). 

Portable. 

Locomotive  (coke-burning). 


SuRFACB>KATIO  50. 

Marine. 
Stationary. 

Locomotive  (coal-buming). 
Do.         (coke-burning). 
Portable. 


Table  No.  294. — Equivalent  Weights  of  Best  Coal  and  Inferior  Fuels. 

To  be  used  with  formulas  (  30 )  to  (  34  ),  page  817. 


Relative 

Heating 

Power. 

Equivalent 

Weight 

of  Best 

Coal. 

be&t  coal^i. 

Elquivalent 

Weight  of 

Interior 

Fuel 

Relative 

Heating 

Power. 

Equivalent 

Weight 

of  Best 

CoaL 

Eqtiivalent 

Weight  of 

Inferior 

Fuel. 

Relative 

Heating 

Power, 

Equivalent 

Weight 

of  Best 

CoaL 

EquivaleBt 

Wet^tof 

Inferior 

FoeL 

best  coal=x. 

bestcoal»i. 

best  coal--!. 

best  coal»i. 

bestcoalaL 

1 

1        '«> 

I 

I. 

70 

.70 

1^43 

40 

.40 

2.50     , 

99 

•99 

I.OI 

69 

.69 

1.45 

39 

•39 

2.56 

98 

.98 

1.02 

68 

.68 

1.47 

38 

.38 

2.63     1 

97 

.97 

1.03 

67 

.67 

1.49 

37 

•37 

2.70  ; 

96 

.96 

1.04 

66 

.66 

1.52 

36 

.36 

2.78  ! 

95 

.95 

1.05 

65 

.65 

1.54 

35 

•35 

2.86  ' 

94 

•94 

1.06 

64 

.64 

1.56 

34 

•34 

2.94  1 

93 

•93 

1.08 

^^ 

.63 

159 

33 

'33 

3.03  . 

92 

.92 

1.09 

62 

.62 

1.61 

32 

•32 

3-13  ' 

91 

•91 

1. 10 

61 

.61 

1.64 

31 

.31 

3.23  ; 

90 

.90 

I. II 

60 

.60 

1.67 

30 

.30 

3.33  ■ 

89 

.89 

1. 12 

59 

•59 

1.69 

29 

•29 

345 

88 

.88 

1. 14 

58 

.58 

1.72 

28 

.28 

3-57 

.       87 

.87 

I.I5 

57 

.57 

1.75 

27 

.27 

3.70 

'       86 

.86 

1. 16 

56 

.56 

1.79 

26 

.26 

3.85 

85 

.85 

1. 18 

55 

.55 

1.82 

25 

.25 

4.00 

84 

.84 

1. 19 

54 

.54 

1.85 

24 

.24 

4.17 

83 

.83 

1.20 

53 

•53 

1.89 

23 

.23 

4.35 

82 

.82 

1.22 

52 

•52 

1.92 

22 

.22 

4.55 

81 

.81 

1.23 

51 

.51 

1.96 

21 

.21 

4.76 

80 

.80 

1.25 

50 

.50 

2.00 

20 

.20 

5.00    1 

79 

.79 

1.27 

49 

.49 

2.04 

19 

•19 

5-27 

78 

.78 

1.28 

48 

•48 

2.08 

18 

.18 

556 

77 

'77 

1.30 

47 

.47 

2.13 

17 

.17 

5.88 

76 

.76 

1.32 

46 

.46 

2.17 

16 

.16 

6.25 

75 

•75 

^'ZZ 

45 

.45 

2.22 

15 

•15 

6.67 

74 

•74 

1.35 

44 

.44 

2.27 

14 

.14 

7.14 

7Z 

'7Z 

1.37 

43 

.43 

2.33 

13 

•13 

7.69 

72 

.72 

1.39 

42 

42 

2.38 

12 

.12 

8.33 

71 

.71 

I.4I 

41 

.41 

2.44 

II 

.11 

9.09 

10 

.10 

lao 

1 
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utable-engine  boilers  are  clearly  inferior  in  efficiency  to  coal-burning 

notive  boilers,  and  they  may  be  constructed  like  these  with  sensible 

ntage. 

nployment  of  the  Formulas  (  30  ^  /<?  (  34  )  for  Fuels  of  Inferior  Heating 

^, — ist  To  find  the  evaporative  performance  of  a  given  weight  of 

ox  fuel,  per  square  foot  of  grate  per  hour.  Substitute,  for  the  given  weight 

ferior  fuel,  the  equivalent  weight  of  best  coal,  and  find  by  the  formula 

72Xtx  evaporated. 

le  equivalent  weight  of  best  coal  is  found  by  multiplying  the  weight 

iferior  fiiel  by  the  number  in  column  2  of  the  table  No.  294,  opposite 

elative  heating  power  of  the  inferior  fuel. 

.  To  find  the  weight  of  an  inferior  fuel  required  for  a  given  evaporative 

rmance.     Find,  by  the  formula,  in  its  inverted  form,  on  the  model  of 

quation  (  9  ),  page  807,  the  weight  of  best  coal  required,  and  substitute 

lis  weight  the  equivalent  weight  of  the  inferior  fuel. 

le  equivalent  weight  of  inferior  fuel  is  found  by  multiplying  the  weight 

*st  coal  by  the  number  in  column  3  of  the  table,  opposite  the  relative 

ng  power  of  the  inferior  fuel. 

table  of  relative  heating  powers  of  fuels  is  given  at  page  769. 
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ACTION  OF  STEAM  IN  A  SINGLE  CYLINDER. 

Pressure  of  Steam  during  Expansion  in  a  Cylinder. 

When  steam  is  admitted  to  a  cylinder  during  a  portion  of  the  stroke,  then 
cut  off,  and  expanded  in  the  cylinder,  upon  the  piston,  for  the  remainder  of 
the  stroke,  the  pressure  on  the  piston,  during  the  |>eriod  c^  admission,  is  or 
ought  to  be  uniform,  whilst  the  pressure  during  the  period  of  expansion 
falls  as  the  piston  advances  and  the  steam  expands.  In  engines  in  good 
working  order,  the  expansion  follows  substantially  the  law  of  Boyle,  or 
Mariotte,  according  to  which  the  pressure  falls  in  the  inverse  ratio  of  the 
expansion.  Substantially,  it  is  said,  for  the  actual  changes  of  pressure  seldom 
follow  the  law  exactly.  The  pressure  usually  falls  more  rapidly  in  the  first 
portion  of  the  expansion,  and  less  rapidly  in  the  last  portion,  than  is  indi- 
cated by  the  law  of  the  inverse  ratio ;  and  thus,  the  final  pressure  may  be, 
and  it  usually  is,  greater  than  that  which  would  be  deduced  from  the  ratio 
of  expansion.  But  the  fulness  of  the  expansion-curve  depicted  on  the 
indicator-diagram,  near  the  end,  compensates  for  the  hoUo^ness  near  the 
beginning;  and,  sinking  details,  it  is  found  that,  practically,  the  area  bounded 
by  the  curve  is  equal  to  that  which  would  be  bounded  by  a  hyperbolic 
curve  formed  according  to  Mariotte's  law.^ 

It  is,  therefore,  assumed,  for  puq)oses  of  illustration  and  the  calculation  of 
power,  that  the  expansion  of  steam  in  the  cylinder  takes  place  according  to 
Mariotte's  law:  the  cur\e  representing  the  diminishing  pressures  due  to 
the  increasing  volume  being  a  portion  of  a  hyperbola. 

To  formulate  the  method  of  describing  a  hyperbolic  curve  of  expansion 
over  a  given  base-line : — 

Let  L  =  the  length  of  the  stroke,  in  feet,  supposing  that  there  is  not  any 
clearance. 
/=the  period  of  admission,  or  the  cut-off,  in  feet. 
j  =  any  greater  part  of  the  stroke  measured  from  the  commencement,  in 

feet 
P  =  the  total  initial  pressure,  in  pounds  per  square  inch. 
P'  =  the  total  pressure  in  pounds  per  square  inch,  at  the  end  of  a  given 

part  of  the  stroke  s. 
P"  --  the  total  final  pressure,  or  the  pressure  at  the  end  of  the  stroke,  in 
pounds  per  square  inch. 

*  Mr.  David  Thomson  arrived  at  the  same  conclusion  in  his  excellent  paper  "On 
Compound  Enj^ines,"  in  the  Proceedings  of  tht  London  Association  of  Foremen  En^nitrs^ 
September,  1873. 
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ThenF  = 


Px/ 


(O 


•xpressed  by  the  following  rule : — 

Rule  i  .  To  find  the  pressure  at  any  point  of  the  period  of  expansion  when 
he  initial  pressure  is  given, — Multiply  the  initial  pressure  in  pounds  per 
quare  inch  by  the  period  of  admission  in  feet,  and  divide  the  product  by 
he  distance  of  the  given  point  from  the  beginning  of  the  stroke.  The 
|uotient  is  the  pressure  in  pounds  per  square  inch. 

The  pressure  P'  may  also  be  found  from  the  final  pressure  P*'  by  the 
Drmula 

P'  =  .?l^,    (2) 

s 

iving  the  rule : — 

Rule  2.  To  find  the  pressure  at  any  point  of  the  period  of  expansion  when 
ke  final  pressure  is  given, — Multiply  the  final  pressure  in  pounds  per  square 
ich  by  the  length  of  the  stroke,  and  divide  the  product  by  the  distance  of 
he  given  point  from  the  beginning  of  the  stroke.  The  quotient  is  the 
•ressure  in  pounds  per  square  inch. 

JVote. — When  there  is  clearance,  it  is  to  be  reckoned  in  parts  of  the  stroke, 
nd  added  to  the  values  of  L,  /,  and  s,  before  using  these  for  calculation. 

Let  the  base-line  mn,  be  the  length  of  the  stroke,  say  6  feet;  mc  the 
litial  pressure,  say  63  lbs. ;  ed  the  period  of  admission,  say  one-third  of 
he  stroke.  Suppose,  for  simpli- 
ity,  that  there  is  not  any  clear- 
nce.  Draw  the  perpendicular  ^^/', 
rom  the  point  of  cut-off,  and 
ivide  the  period  of  expansion  d'n 
ito  any  suitable  number  of  parts, 
ay  10  parts,  at  the  points  i,  2, 
,  &c.  Calculate  by  the  rule  the 
everal  pressures  at  the  points 
,  2,  3,  &c,  and  set  them  off  by 

le  scale  of  pressure  on  vertical  ordinates  from  the  points;  the  curve  dg 
•aced  through  the  ends  of  the  ordinates  is  the  hyperbolic  curve  of  expansion, 
it  the  successive  points  of  the  base  of  the  expansion-line,  which  are, — 

^%     i»      2,      3,       4,       5,        6,       7,        8,        9,      «, 

le  values  of  the  ordinates,  or  pressures,  are — 

3,  52.5,  45,  39.4,  35,  31.5,   28.6,  26.1,  24.2,  22.5,  21  lbs.  per  sq.  in.; 

r,  putting  the  initial  pressure  =  i,  they  are  relatively  as 

I,  -833.  .714,  625,  .555,  .500,  .455,  .417,  •385>  -357,  .333- 

'he  extreme  ordinate  ng  is  thus  found  to  be  a  third  of  dd',  or  21  lbs., 
nd  the  ordinate  No.  5  is  a  half,  or  31.5  lbs.  As  an  example  of  the  cal- 
ulations  for  an  ordinate,  take  No.  2.    The  penod  of  admission  is  2  feet,  the 

ivisions  of  the  base  of  expansion  are  -^-  foot,  and  the  length  m  lis  2.8  feet; 

10 

len,  by  the  rule,  the  pressure  measured  by  No.  2  ordinate,  is, — 

63  lbs.  X  2  feet         « 

— — s-> =  45  lbs. 

2.8  feet  ^^ 


»B    t     7    6     5    4-^11 


Fig.  330. — Construcdon  of  a  Hybcrbolic  Curve. 
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The  calculation  may  generally  be  simplified  by  taking,  as  a  datum,  the 
length  of  stroke  =  I.  In  this  instance,  the  period  of  admission  would 
be  =  .333,  the  period  of  expansion  =  .666,  and  each  tenth  division  =  .0666. 
By  the  rule, 

_63_lbs^3_33__  .  .fl_  =  45  lbs., 
•333  +  (-0666  X  2)     .467 

as  before. 

To  illustrate  generally  the  application  of  the  hyperbolic  law  of  expansion, 
showing  that  the  product  of  the  pressure  and  the  volume  at  any  point  of  the 
expansion-curve  is  constant,  let  the  base-line  a  b  represent  the  course  of  a 
piston  in  a  cylinder,  and  the  volume  described  by  it  Sup- 
posing that  there  is  no  clearance,  let  steam  of  10  lbs.  total 
pressure  a  c,  be  admitted  for  a  space  i  foot  in  length,  a  d. 
The  rectangle  a  e  is  the  product  of  the  pressure  and  volume 
of  the  steam  admitted.  U  expanded  to  the  double  volume 
A  d,  and  to  half  the  pressure  de,  the  area  of  the  elongated 
rectangle  a^  is  equal  to  that  of  the  initial  rectangle  A  e. 
Expanding  further,  to  four  volumes  Ad\  and  to  the  fourth 
part  of  the  initial 
pressure,  d^  e,  the 
new  rectangle  Ae' 
is  equal  to  each  of 
the  others  a^  and 
A  E.  Similarly,  the 
rectangles  a^^  and 


Fig.  331— To  Illustrate  the  Hyperbolic  Law  of  the  Expansion  of  Steam. 


./// 


Ae  y  for  a  fifth  and  a  sixth  of  the  initial  pressure,  and  five  times  and 
six  times  the  initial  volume,  are  each  equal  to  the  initial  rectangle  ae. 
The  hyperbolic  curve  containing  these  rectangles  may  be  indefinitely 
extended  at  either  end,  to  embrace,  on  the  one  part,  intense  pres- 
sures and  small  volumes,  and,  on  the  other  part,  very  low  pressures 
and  large  volumes. 


The  Work  of  Steam  by  Expansion. 

Proceeding,  now,  to  a  consideration  of  the  area  of  the  diagram.  Fig.  331; 
— as  the  area  of  the  rectangle  a  e,  is  the  product  of  the  pressure  and  volume, 
and  expresses  the  work  done  upon  the  piston  by  the  steam  in  entering  and 
occupying  the  cylinder,  so,  likewise,  the  hyperbolic  area,  d  e  d"'  e"\  expresses 
the  work  done  by  the  steam  by  expansion  within  the  cylinder  after  it  is 
shut  in.  This  area,  and  consequently  the  quantity  of  work  done,  may  be 
computed  by  means  of  the  known  relations  of  hyperbolic  suf)erficies  ^ith 
their  base-lines : — according  to  which,  if  the  base-lines  a  d,  a  ^Z,  a  d\  &c, 
extend  in  a  geometrical  ratio,  or  as  i,  2,  4,  8,  16,  &:c.,  the  successive  areas 
D^,  i>e\  &c,  increase  in  an  arithmetical  ratio,  or  as  i,  2,  3,  4,  &c  On  the 
principles  of  logarithms,  which  represent,  in  arithmetical  ratio,  natural 
numbers  in  geometrical  ratio,  special  tables  of  so-called  hyperbolic  logarithms 
are  compiled,  to  facilitate  the  calculation  of  the  areas  of  work  due  to 
various  degrees  of  expansion.  The  hyperbolic  numbers  consist,  in  fact, 
of  the  multiples  of  common  logarithms  by  2.302585,  which,  thus  modified, 
become  direct  expressions  of  the  proportions  borne  by  the  work  by  expansion 
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pertaining  to  different  degrees  of  expansion,  to  the  initial  work  done  by  the 
Mtaxn  during  its  admission  into  the  cylinder;  but  they  are  not  employed 
as  logarithms.     For  example,  the  initial  volume  being  expressed  by  i,  antl 
the  total  volumes  by  expansion,  by  the  following  numbers  in  geometrical, 
ratio, 

I,  2,  4,  8,  16, 

the  hyperbolic  logarithms  of  these  numbers  are,  in  arithmetical  ratio, 


being  as 


.000, 
o. 


•693, 
I. 


1.386, 
2, 


2.079, 
3» 


2.772, 

4, 


and  these  logarithms  express  the  actual  ratio  of  the  whole  work  by  expansion, 
for  different  degrees  of  expansion,  to  the  initial  work  of  the  steam,  expressed 
as  I.  The  total  work  done  by  a  quantity  of  steam  expanded  successively 
from  the  initial  volume. 


to 


4» 


8, 


1 6  volumes. 


will  therefore  be  in  the  proportions  of 


or 


I,     I +.693,     I +  1.386,     1  +  2.079,     1  +  2.772, 
h         i.693>  2.386,  3.079,  3.772, 


lowing  that,  for  an  expansion  of  16  times,  the  initial  work  done  by  the 
steam  during  its  admission  is  nearly  quadrupled. 

But  it  is  necessary  to  make  a  deduction  for  the 
back  pressure  from  the  condenser,  to  find  the  effec- 
tive work  of  the  steam.  Suppose  a  cylinder  of  5  feet 
stroke,  represented  by  a  b.  Fig.  331,  with  a  piston 
having  an  area  of  i  square  inch,  into  which  steam 
of  10  lbs.  pressure  per  square  inch  is  admitted  for 
I  foot  of  the  stroke,  a  d,  against  a  uniform  back 
pressure  of,  say,  2  lbs.  per  square  inch,  for  the  whole 
stroke.  Let  the  steam  be  expanded  through  the  re-  ^^'  aaa-jWork of  stc«n 
maining  four-fifths  of  the  stroke,  and  construct  the 
diagram  of  work,  Fig.  332,  in  which  the  2 -lb.  zone  of  resistance  or  back 
pressure  is  shaded.     Then, 


At  the  end  of  the 

The  total  pressures  arc  . . 
The  back  pressures  are . . 
The  effective  pressures . . . , 


I  St, 

2d, 

3d, 

4th, 

10 

5 

3V3 

2}i 

2 

2 

2 

2 

8 

3 

1V3 

% 

5th  foot  of  stroke, 
2  lbs.  per  sq.  inch ; 
2  lbs.    do.    do.; 
o  lbs.    do.    do. 


The  total  work  done  by  expansion  up  to  the  end  of  each  foot  of  stroke, 
is  represented  by  the  hyperbolic  logarithm  of  the  ratio  of  expansion,  the 
initial  work  being  =  i.     Thus, — 

At  the  end  of  the ist. 

The  steam  is  expanded  into 
Of  which  the  hyperbolic  ) 

logarithms  are ( 

The  initial  duty  being  as...     i 
And  the  total  duty  as i 


2d, 

2 

3d, 
3 

4th, 
4 

5th  foot  of  stroke, 
5  volumes. 

.69 

1. 10 

>.39 

1.61 

I 
.69 

I 
2.10 

2.39 

I  (unity), 
2.61 
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As  the  initial  work,  represented  by  i,  is  lo  foot-pounds,  being  lo  lbs.  exerted 
tlirough  I  foot,  and  the  resistance  is  2  foot-pounds  for  each  foot  of  die 
stroke, — 

At  the  end  of  the 

I  St,  2d,  3d,  4th,  5  th  foot  of  the  stroke, 

The  work  by  expansion  is 

0.0  6.9  ii.o  13.9  16. 1  foot-pounds; 

The  total  work  done  is 

10  16.9  21.0  23.9  26.1         do. 

The  total  resistance  is 

2  4  6  8  10  do. 

The  total  effective  work  is 

8  12.9  15.0  15.9  16.1         do. 

And  the  gain  by  expansion  is 

o  61  87  99  loi  per  cent. 

From  the  foregoing  particulars,  it  appears  that  the  total  work  of  the 
steam,  by  expanding  it  to  five  times  the  initial  volume,  is  fully  2ji  times 
the  initial  work  done  without  expansion.  When  the  back  pressure  is  allowed 
for,  the  effective  work,  16.1  foot-pounds,  is  only  twice  the  initial  work,  8  foot- 
pounds; making  a  gain  of  loi  per  cent.,  when  the  expansion  is  extended 
to  the  extreme  limit,  where  the  positive  pressure  becomes  equal  to  the 
back  pressure. 

It  further  appears  that  the  effective  work  of  the  steam  expanded  down  to 
the  back  pressure  from  the  condenser,  is  just  equal  to  the  work  developed 
by  expansion  alone.  The  initial  work  is  balanced  in  amount  by  the  resist- 
ance, each  of  them  being  10  foot-pounds. 

The  same  conclusions  apply  to  a  non-condensing  cylinder  discharging  the 
steam  into  the  atmosphere.  Let  the  total  initial  pressure,  A  C,  Fig.  332,  be 
75  lbs.  per  square  inch,  and  suppose  the  steam  to  be  expanded  five  times, 
as  before,  down  to  a  pressure  of  15  lbs.  per  square  inch,  and  then  exhausted 
into  the  atmosphere,  maintaining  a  back  pressure  of  15  lbs.  per  square 
inch  throughout  the  stroke,  represented  by  the  shaded  zone.  On  a  piston 
of  I  square  inch  area,  the  proportions  of  work  ^ill  be  as  follows: — 

At  the  end  of  the ist,      2d,  3d,  4th,  5th   foot  of  stroke. 

The  total  work  done  is  as       i  1.69         2.10         2.39         2.61 

The  total  work  done  is  )      ^^      ,^^^        ,,,  ^        ,^^^        ,^^ »  r    *.  j 

actually J      75      126.7        157.5        179.2        195.7  foot-pounds. 

The  total  resistance  is 15       30  45  60  75  da" 

The  total  effective  work  is    60       96.7        112.5        1 19.2        120.7  do. 

The  gain  by  expansion  is      o       61  87  99  loi      per  cent 

In  this  case,  where  steam  of  five  atmospheres  is  expanded  five  times,  and 
exhausted  into  the  atmosphere  at  a  pressure  of  one  atmosphere,  the  pro- 
portions of  work  done  are  the  same  as  when  steam  of  10  lbs.  pressure  pff 
square  inch  is  expanded  five  times  and  exhausted  at  a  pressure  of  one-fifth, 
or  2  lbs.  per  inch;  and  they  indicate  equal  degrees  of  eflliciency  of  the 
steam  in  the  way  it  is  applied. 
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It  may  be  concluded,  generally,  that  when  the  steam  is  expanded  down 

>  the  back  pressure  in  the  cylinder,  whether  from  the  condenser  or  from 
le  atmosphere,  the  effective  work  done  in  the  cylinder  is  just  equal  to  the 
>tal  work  done  by  expansion,  the  total  initial  work  being  just  balanced  and 
eutralized  in  amount  by  the  resistance  of  back  pressure. 

And  the  utmost  useful  ratio  of  expansion,  looking  to  the  operations 
ithin  the  cylinder,  is  measured  by  the  number  of  times  which  the  total 
ack  pressure  is  contained  in  the  total  initial  pressure  of  the  steam  in  the 
jflinder.  Indeed,  it  may  be  affirmed  that  four-fifths  of  this  measure  of 
Kpansion  is  sufficient  as  a  limit,  for  it  has  been  shown  that  whilst  the  gain 
y  expansion  to  four  times  is  99  per  cent,  that  of  a  fivefold  expansion  is 
01  i>er  cent,  which  is  only  2  per  cent  more. 

Another  reason  usually  advanced  for  arresting  the  fall  of  pressure,  in 
Kpanding,  at  a  higher  limit  than  the  back  pressure,  is  based  on  the 
ictional  or  passive  resistance  of  the  engine.  This  resistance  is  to  be 
pix>sed  by  the  steam  in  the  cylinder;  and  the  total  pressure,  it  is  said, 
lould  not  fall  below  that  which  is  equivalent  to  the  back  pressure,  plus  the 
ictional  resistance,  since,  it  is  argued,  if  the  pressure  at  any  part  of  the 
droke  do  fall  below  the  sum  of  these  resistances,  the  excess  of  these  above 
le  positive  pressure  is  so  much  dead  resistance,  and  is  so  much  in  reduc- 
on  of  the  useful  efficiency  of  the  steam.  This  argument  is  plausible,  but 
dlacious;  and  it  would  be  valid  only  on  the  supposition  that  the  engine 
3uld  move  without,  at  the  same  time,  doing  its  proper  duty  in  driving 
lafting  and  machinery.  The  supposition  is,  of  course,  impossible.  But, 
hy  draw  the  line  of  so-called  useless  resistance  at  the  fly-wheel  shaft? 
"he  shafting  for  driving  the  machinery  also  opposes  dead  resistance,  and 
efore  the  engine  can  move  at  all,  the  resistance  of  the  shafting  must  be 
vcrcome.  The  resistance  of  all  the  machinery  must  likewise  be  overcome. 
Tie  useful  work  to  be  done  must  likewise  be  overcome ;  in  fact,  the  whole 
f  the  work,  dead  and  alive,  must  be  overcome.  So  the  argument  leads  to 
ie  absurd  conclusion  that  the  pressure  in  the  cylinder  should  not  fall 
elow  the  total  mean  pressure  exerted;  and  as  it  is  not  to  fall  below, 
cither  can  it  reach  above  the  mean  pressure,  for  that  would  imply  an 
dditional  initial  force,  which  would  render  a  greater  mean  pressure,  which 
i  absurd.     If  the  argument  had  any  truth  in  it,  it  would  lead  necessarily 

>  the  abandonment  of  all  expansive  working,  and  to  the  employment  of  a 
niform  pressure,  with  the  admission  of  steam  throughout  the  whole  of  the 
roke. 

Clearance  in  Steam-Cylinders. 

The  clearance,  or  free  space,  between  the  piston  when  at  the  beginning 
f  a  stroke,  and  the  slide-valve,  is  filled  with  steam  of  the  initial  pressure  at 
le  commencement  of  each  stroke ;  and  this  padding,  as  it  may  be  called, 
oes  no  work  directly,  and  is  entirely  non-effective  in  non-expansive  engines. 
at  in  expansive-working  cylinders,  the  clearance-steam  does  its  proper 
acta  of  work,  in  conjunction  with  the  other  steam,  during  the  period  of 
cpansion. 

The  volume  of  the  clearance  may  be  measured  in  parts  of  the  stroke 
ipposed  to  be  multiplied  into  the  area  of  the  piston ;  and  it  is  here  taken, 
r  purposes  of  discussion,  at  7  per  cent  of  the  stroke. 
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Formulas  tor  the  Work  of  Steam  in  the  Cylinder. 

Now,  let  L  =  the  length  of  stroke,  in  feet, 

/  =  the  period  of  admission,  or  the  cut-off,  in  feet,  exduA^f 

clearance, 
^  =  the  total  clearance  at  one  end  of  the  cylinder,  the  vohai 

being  measured  in  feet  of  the  stroke, 
L'  =  the  length  of  the  stroke,  plus  the  clearance,  or  L+r, 
/'  =  the  period  of  admission,  plus  the  clearance,  or  /+r, 
R  =  the  nominal  ratio  of  expansion,  or  L-^/, 
R'  =  the  actual  ratio  of  expansion,  or  L'  -=-  /', 
a  =  the  area  of  the  piston  in  square  inches, 
P  =  the  total  initial  pressure  in  lbs.  per  square  inch,  suppoM 

to  be  uniform  during  admission, 
/  =  the  average  total  pressure,  in  lbs.  per  square  inch,  for  A 

whole  stroke, 
/'  =  the  average  back  pressure,  in  lbs.  per  square  inch,  for  dl 

whole  stroke, 
za  =  the  whole  work  done  in  one  stroke,  in  foot-pounds, 
w'  =  the  work  of  back  pressure  for  one  stroke,  in  foot-pounds, 
W  =  the  net  work  done  in  foot-pounds. 

The  actual  ratio  of  expansion  is 

L  +  ^      V      p, 

— = =   -rjr   =    JV. 

The  work  done  during  admission  is  equal  to  the  total  pressure  on  db 
piston,  «  X  P,  multiplied  by  the  period  of  admission,  or  a  P  /,  which  is  th 
work  in  foot-pounds,  and  this  work  is  done  by  a  volume  of  steam  measure 
by  the  period  of  admission,  plus  the  clearance,  or  by  /  +  ^  =  /';  and  i 
/- /'-r,  then 

whole  work  done  during  admission  -aV  l=aV  (l'  —  c) (  3  ) 

To  find  the  work  done  by  expansion  to  the  end  of  the  stroke,  the  tot 
pressure  on  the  piston,  a  P,  is  to  be  multiplied  by  /',  the  period  of  admi 
sion  plus  the  clearance,  and  by  the  hyperboUc  logarithm  of  R',  the  acta; 
ratio  of  expansion,  or 

whole  work  done  during  expansion  =  «  P  /'  x  hyp  log  R',  . . .  (  4  ) 

which  is  the  work  done  by  expansion,  in  foot-pounds.  Add  together  tbes 
two  quantities  of  work,  (  3  )  and  (  4  ),  and  reduce;  then,  for  the  total  wori 
w,  done  by  the  steam  in  one  stroke  of  the  piston, 

a^  =  tfP[/'(i+hyplogR')-^] (  5  ) 

The  work  of  back  pressure  for  one  stroke  is 

w'  =  ap'\.\  ^6) 

and  the  net  work,  such  as  may  be  measured  by  an  indicator-diagram,!? 
7// -a/';  or, 

W  =  ^,[P(/'(i+hyplogR')-.)-/L] (  7) 
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.ULE  3.  To  find  the  net  work  done  by  steam  in  the  cylinder  for  one  stroke  of 
Hsian,  with  a  given  cut-off, — i.  To  the  hyperbolic  logarithm  of  the  actual 
>  of  expansion,  allowing  for  clearance,  add  i;  multiply  the  sum  by  the 
od  of  admission,  plus  the  clearance,  in  feet;  from  the  product  subtract 
clearance,  and  multiply  the  remainder  by  the  total  initial  pressure  in 
per  square  inch.  The  product  is  the  total  work  done  in  foot-pounds 
square  inch  on  the  piston.  2.  Multiply  the  average  back  pressure  in 
per  square  inch  by  the  length  of  the  stroke;  the  product  is  the  negative 
c  of  back  pressure  in  foot-pounds  per  square  inch.  3.  Subtract  the 
»nd  product  from  the  first  product;  the  remainder  is  the  net  work  in 
-pounds  per  square  inch  on  the  piston.  4.  Multiply  the  area  of  the 
)n  by  the  net  work  per  square  inch;  the  product  is  the  net  work  in 
-pounds  done  in  the  cylinder  for  one  stroke. 

Tote, — When  the  period  of  admission  and  the  clearance  are  expressed  as 
entages  of  the  stroke,  the  percentages  are  to  be  converted  into  feet  of 
stroke.  The  actual  ratio  of  expansion  is  found  by  dividing  100  plus 
percentage  of  clearance,  by  the  sum  of  the  percentages  of  admission 
clearance. 

b  exemplify  the  application  of  the  rule,  take  a  non-condensing  steam- 
ider  3  feet  in  diameter  with  a  stroke  of  5  feet,  and  initial  steam  of  a 
I  pressure  of  70  lbs.  per  square  inch  on  the  piston,  cut  off  at  one-fourth 
le  stroke,  and  expanded  during  the  remaining  three-fourths.  The  aver- 
back  pressure  is  17  lbs.  per  square  inch,  and  the  clearance  is  5  per 
L  of  the  stroke.  What  is  the  whole  work  done  in  one  stroke?  The 
m  is  cut  off  at  15  inches,  to  which  the  clearance,  which  is  5  per  cent  of 
stroke,  or  3  inches,  is  to  be  added.     The  sum  is  18  inches,  or  1.5  feet, 

the  actual  ratio  of  expansion  is  5 — lJ  ^,  2. 5,  of  which  the  hyperbolic 

irithm  is  1.204;  to  this  add  i,  making  2.204,  to  be  multiplied  by  1.5, 
dng  3.306.  From  this  product  subtract  the  clearance  .25  feet,  leaving 
;6.  Then  3.056  x  70  lbs.  -  213.92  foot-pounds  of  total  work  per  square 
I  of  piston;  and  213.92  x  1017.87  square  inches  area  of  piston  = 
,750  foot-pounds,  the  total  work  done  in  one  stroke.  The  back  pressure 
bs.  per  square  inch  x  5  =  85  foot-pounds  per  square  inch  for  the  whole 
ke;  and  85  x  1017.87  =  8653  foot-pounds,  the  negative  work  of  back- 
sure.     Finally — 

foot-pounds. 

Total  work  done  on  the  piston,  for  one  stroke, 217,750 

Negative  work  of  back  pressure,  for  one  stroke, 8,653 

Difference,  or  net  work  for  one  stroke, 209,097 

Initial  Pressure  in  the  Cylinder. 

1  verting  formula  (  7  ),  the  required  initial  pressure  for  a  given  net  quan- 
of  work  in  one  stroke,  is  as  follows : — 

W  +  g/L  .  g  , 

«[/'(i+hyplogR')-r]  ^       ' 

lie  initial  pressure  required  to  produce  a  given  average  total  pressure 
square  inch  for  a  given  actual  ratio  of  expansion,  is  found  by  sub- 
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stituting,  for  W,  its  equivalent  a  L  {p-p*),  in  formula  (  8 );  and  redudnj 
Then 

p  = ^Jf (  9  ) 

/'(i+hyplogR')-^:  ^  ^  ' 

Average  Total  Pressure  in  the  Cylinder. 

The  average  total  pressure,/,  in  the  cylinder,  in  terms  of  the  initial  pro- 
surcy  for  a  given  actual  ratio  of  expansion,  is  found  by  dividing  the  second 
member  of  the  equation  (  5  ),  by  the  area  of  the  piston  and  by  the  length 
of  the  stroke;  or  by  a  simple  inversion  of  equation  (  9  ): — 

^_P[/'(i+hyplogR')-r]  ^_^j 

L 

The  average  total  pressure,  /,  in  terms  of  the  total  work  done  for  one 
stroke,  is  also, 

^  =  rL  <"> 


Average  Effective  Pressure  in  the  Cylinder. 

The  average  effective  pressure  is  found  by  subtracting  the  average  badt 
pressure  from  either  of  the  above  values  of  /,  formula  (  10  )  or  (  11 ),  or  it 
is  found  by  dividing  the  second  member  of  equation  (  7  )  by  the  area  of 
the  piston  and  by  the  length  of  the  stroke :  giving,  by  reduction, 

(/-/O.P[^'(^  +  hyplogR')-j_^,  (^^j 

The  Period  of  Admission  and  the  Actual  Ratio  of  Expansion. 

The  actual  rate  of  expansion  required  for  the  production  of  a  given 
average  total  pressure  from  a  given  initial  total  pressure  may  be  found  ten- 
tatively by  inverting  the  formula  (  10 ),  for  initial  pressure,  and  reducing, 
by  which  the  following  formula  is  obtained : — 

hyplogR'  =  i-^--i (13) 

Here,  there  are  two  unknown  quantities,  namely,  hyp  log  R'  and  t. 

Rule. — Multiply  the  length  of  stroke  by  the  mean  pressure,  and  divide  by 
the  initial  pressure;  and  to  the  quotient  add  the  clearance,  making  a  sum  A 
Assume  a  period  of  admission,  and  add  to  it  the  clearance,  to  make  a  value 
for  the  divisor  /',  and  find  the  corresponding  value  for  hyp  log  R',  the  hyper- 
bolic logarithm  of  a  ratio  of  expansion.  Find  the  ratio  in  a  table  of  hyper- 
bolic logarithms,  and  by  it  divide  the  sum  of  the  stroke  and  the  clearance. 
If  the  quotient  be  equal  to  the  assumed  period  of  admission  plus  the  clear- 
ance, it  follows  that  the  assumed  period  is  the  required  period  of  admission, 
and  the  ratio  of  expansion  is  the  required  actual  ratio.  But  if  the  quotient 
be  greater  than  the  sum  of  the  assumed  period  and  the  clearance,  then  the 
assumed  period  of  adrcvAssvow  v^  too  loue.     If  the  quotient,  on  the  contrary, 
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be  less,  the  assumed  period  is  too  short  Try  again,  and  assume  a  shorter 
or  a  longer  period  q£  admission,  as  the  case  may  require,  until  the  required 
period  of  admission  and  ratio  of  expansion  have  been  arrived  at 

This  is  a  long  rule,  but  the  operation  of  it  is  less  tedious  than  may  he 
imagined.  For  example,  reverting  to  previous  data,  take  the  stroke  5  feet ; 
dearance  .25  feet,  totail  initial  pressure  =  70  lbs.,  and  average  total  j^ressure  « 
42.78  lbs.  per  square  inch;  to  find  the  required  period  of  adniission.    Then 

^^'7^'' ^+.25  =  3.306 (Sum  A) 

70 

Assume  a  period  of  admission,  1.75  feet;  then 

1. 75  +  . 25  =  2.00  (Sum  B) 

And,  3.306-5-2  =  1.653,  from  which  deduct  i;  the  remainder  .653  is  the 
hyperbolic  logarithm  of  the  ratio  of  expansion,  1.92.  Now,  the  stroke  plus 
the  clearance  is  5.25,  and 

-5i_5-  =  2.73  feet,  as  a  period  of  admission  plus  clearance; 
1.92 

and  2.73 -.25  =  2.48  feet  But  this  is  greater  than  the  assumed  period 
namely,  1.75  feet  Try,  therefore,  a  smaller  period  to  begin  with,  say  i  foot 
then 

i+. 25  =  1. 25  (Sum  B) 

3.306 -r  1.25  =  2.61;  and  2.61  -  1  =  1. 61,  which  is  the  hyperbolic  logarithm 
of  the  ratio  5;  then 

5:— 5  =  1.05  feet;  and  1.05  -  .25  =  .80  foot 

But  .80  foot  is  less  than  the  assumed  period,  namely,  i  iout;  and  i  foot 
is  too  short  The  required  period  must  be  less  than  1.75,  and  more  than 
I  foot;  and  nearer  to  i  foot  than  to  1.75  feet.    Try  1.25  feet,  then 

1. 25+. 25  =  1.50  (Sum  B) 

3.306-^1.50=2.2040;  and  2.2040-1=^1.2040,  which  is  the  hyperbolic 
logarithm  of  the  ratio  3.5;  then 

5:^  =  1.5  feet;  and  1.5 -.25  =  1.25  feet, 
3-5 

which  is  equal  to  the  period  last  assumed.  The  required  period  of  admis- 
sion is,  therefore,  1.25  feet;  and  the  ratio  of  expansion  is  3.5. 

^^/^. — Calculation  for  this  rule  may  be  shortened  by  using  the  following 
table  (No.  295),  page  836,  particularly  when  the  clearance  is  7  per  cent. 
of  the  stroke,  as  is  assumed  in  the  composition  of  that  table.  When 
the  clearance  deviates  by  i  or  2  per  cent  from  the  standard  of  the  table, 
suitable  allowances  may  be  made  on  the  results  dra\ni  from  the  table,  by 
which  near  approximations  may  be  made.  Take  the  last  example,  in 
which  die  clearance  is  5  per  cent  of  the  stroke.  Reduce  the  given  mean 
pressure  to  the  expression  .611,  which  is  its  relative  value  when  the  initial 
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pressure  is  taken  as  i,  thus  42.78- 70  =  .6 11.  Looking  down  the  fourth 
column  of  the  table,  the  nearest  values  are  .619  and  .608,  corresponding 
to  the  ratios  of  expansion  3.5  and  3.6,  the  exact  ratio  being  3.5.  The 
corresponding  periods  of  admission  in  column  3  are  23.6  and  22.7  per 
cent,  of  the  stroke,  and  adding  to  these  2  per  cent,  to  compensate  for 
the  difference  of  clearance— 5  per  cent,  in  the  example,  as  against  7  per 
cent,  in  the  table — the  sums  average  about  25  per  cent,  which  is  the  correct 
admission. 

Rule  4.  To  find  the  Period  of  Admission  required  far  a  given  Adud 
Ratio  of  Expansion. — Divide  the  length  of  stroke  plus  the  clearance  by  the 
actual  ratio  of  expansion;  and  deduct  the  clearance  from  the  quotient 
The  remainder  is  the  period  of  admission. 

2.  When  the  Quofitities  are  given  as  Percentages  of  the  Stroke, — Add  the 
percentage  of  clearance  to  100,  and  divide  the  sum  by  the  actual  ratio  of 
expansion;  and  deduct  the  percentage  of  clearance  from  the  quotient  The 
remainder  is  the  period  of  admission  as  a  percentage  of  the  stroke. 

The  Period  of  Admission  required  for  a  given  Actual  Ratio  of  Expansion  is 

l-^r-C    (14) 

Rule  5.  The  Pressure  of  Steam  expanded  in  the  Cylifider^  at  the  end  cftke 
Stroke,  or  at  any  other  point  of  the  Expansion,  is  found  by  dividing  the  initial 
pressure  by  the  ratio  of  actual  expansion  calculated  to  the  given  point 
of  the  stroke.     The  quotient  is  the  pressure  at  that  point 

Or,  multiply  the  initial  pressure  by  the  period  of  admission  plus  the  clear- 
ance, and  divide  the  product  by  the  length  of  the  part  of  the  stroke  described 
uj)  to  the  given  point,  plus  the  clearance.  The  quotient  is  the  pressure  at 
that  point 

Thk  Relative  Performance  of  Equal  Weights  of  Steam 

Worked  Expansively. 

The  steam  may  be  said  to  be  measured  off  for  each  stroke  of  the  piston, 
a  cylinder-full  at  a  time,  of  expanded  steam ;  whilst  the  final  pressure  is  a 
measure  of  the  density,  and  therefore  of  the  weight,  of  this  steam.  The 
mean  pressures,  again,  are  measures  of  the  total  performance  of  the  same 
body  of  steam.  It  follows,  that  the  relative  total  performance  is  directly  as 
the  mean  pressure,  and  inversely  as  the  weight  of  steam  condensed  or  as 
the  final  pressure,  and  that,  if  the  former  be  divided  by  the  latter,  the 
quotients  will  show  the  relative  total  performance  of  a  given  weight  of  the 
steam,  as  admitted  and  cut  off  at  different  points,  and  expanded  to  the  end 
of  the  stroke,  with  a  clearance  of  7  per  cent  of  the  stroke,  as  follows: — 

When  the  steam  is  cut  off  at 

I,  H^        J^»        >4»        Vs,      >^,       Vio,       V15  of  stroke, 

the  relative  total  performance  per  unit  of  steam  is  directly  as  the  average 
pressures, 

1.000,     .969,     .860,     .637,     .567,     .457,     .413,     .348,...  (A) 

and  is  inversely  as  the  final  pressures, 

1. 000,     .769,     .532,     .298,     .250,     .182,     .159,     .128. 
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The  relative,  or  proportional,  total  performance  of  given  equal  weights  of 
steam  are  therefore  in  the  ratio  of  the  second  last  row  of  figures  divided  by 
the  last  row  of  figures;  the  total  performance  for  steam  admitted  for  the 
whole  stroke,  without  any  expansion,  being  taken  as  i.     Thus, 

_i         ^969       ^860      .^37       ^567       .4Si      ^413       .348 
i'        .769'      .532'      .298*      .250'      .182'      .159'      .128 

or  the  quotients, 

i.oo,      1.26,      1.62,      2.13,      2.27,      2.51,      2.60,      2.72....  (B) 

These  quotients  may  be  found,  otherwise,  from  the  actual  ratios  of  expansion, 
which  are  inversely  as  the  final  pressures,  by  multiplying  the  average  pressures 
by  the  respective  ratios.  For  example,  when  the  steam  is  cut  off  at  ^,  the 
actual  ratio  of  expansion  is  1.3,  and  the  mean  pressure  .969  x  1.3=  1.26, 
which  is  the  relative  efficiency,  as  already  found  above. 

It  is  seen  that  the  total  work  or  performance  of  a  given  weight  of  steam 
is  fully  doubled  by  cutting  off  and  expanding  at  a  fourth  of  the  stroke,  as 
compared  with  the  admission  of  steam  for  the  whole  of  the  stroke. 

In  these  comparisons  of  the  relative  performance  of  steam  worked  expan- 
.sively,  the  opposition  of  back  pressure  has,  for  simplicity,  been  omitted 
from  the  calculations.  Taking  the  back  pressure  as  constant  with  all  ratios 
of  expansion,  it  would  constitute  a  uniform  quantity  to  be  deducted  from 
each  of  the  total  mean  pressures,  of  which  the  ratios  are  given  in  line  A ; 
and  as  the  remainders  would  thus  decrease  more  rapidly  than  the  total 
pressures,  it  would  follow  that  the  quotients,  line  B,  would  increase  less 
rapidly  than  as  they  are  there  shown  to  increase. 

Proportional  Work  done  by  Admission  and  by  Expansion. 

To  ascertain  in  what  proportions  the  whole  work  for  the  stroke  is  done 
by  admission  and  by  expansion,  leaving  unconsidered  the  back  pressure: 
the  work  by  admission  is  in  proportion  to  the  period  of  admission,  and  if 
this  be  subtracted  from  the  proportional  mean  pressure,  the  remainder  is 
the  proportional  work  by  expansion.     Thus,  when  the  steam  is  cut  off  at 

I,         H^       }4,       yi,       %,       '/s,      H^       Vio,      7,5  of  stroke, 

these  fractions  are  the  periods  of  admission,  and  are  proportional  to  the 
work  by  admission,  and  are  decimally  as  follows: — 

i.ooo,     .750,     .500,     .333,     .250,     .200,     .125,    .100,     .066, 

which  being  subtracted  from  the  relative  total  average  pressures,  the  re- 
mainders are  the  relative  work  by  expansion : — 

.000,     .219,     .360,     .393,     .387,     .367,     .332,     .313,     .282; 

the  sum  of  the  last  two  rows,  or  the  total  average  pressures,  being  as 

I.ooo,     .969,     .860,    .726,     .637,     .567,     .457,     .413,     .348; 

which  are  the  same  as  the  values  in  line  A,  page  832. 

Here  it  appears  that  the  quantity  of  work  done  by  expansion,  arrives  at 
a  maximum  when  the  period  of  admission  is  about  one-third  of  the  stroke. 
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With  a  greater  or  a  less  admission  it  is  reduced.  But  the  proportion  of 
work  by  expansion,  relative  to  the  work  by  admission,  increases  regularly  as 
the  admission  is  reduced.  Thus,  taking  the  work  for  the  periods  of  admis- 
sion successively,  as 


the  corresponding  proportions  of  work  done  by  expansion,  are  successively 

as    o,       .29,       .72,       1. 31,       1.55,       1.83,       2.66,       3.13       4.27. 

The  loss  by  clearance-space  neutralizes  a  considerable  proportion  of  the 
gain  by  expansion,  as  appears  from  the  following  examples. 


The  Influence  of  Clearance  in  reducing  the  Performance  of 

Steam  in  the  Cylinder. 

To  note  the  effect  of  clearance  in  reducing  the  efficiency  of  steam  in  the 
cylinder,  let  the  steam  be  admitted  for  one-fourth  of  the  stroke,  and  let 
cdgnm  be  the  indicator-diagram  described,  with  a  perfect  vacuum,  of  which 

the  base  m  n  is  the  length  of  the  stroke 
I  ;e.-.^_^^j         =100,  and  the  extension  of  the  base, 

/ ' :---75 jj^-.^-.-^    ^^      ^ ^'^  jg  ^j^g  length  of  the  clearance  =  7. 

The  average  pressure,  //,  is,  by  the  for- 
mula ( 10  ),  .637,  when  the  initial  pres- 
sure is  I.  The  loss  of  pressure  by 
clearance,  is  represented  by  the  initial 
area  mm'c'Cy  the  pressure  being  =  i,  and 
the  volume  =  7  per  cent,  of  that  of  the 
stroke.  Averaged  for  the  whole  stroke, 
that  is,  multiplying  i  by  7  and  dividing 
by  100,  the  average  loss  of  pressure  for 

the  whole  stroke  is  i  x--Z_  =  .o7o:  and 

100 
Fig.  333-J^i2^m tj>^hj>w  in|u^^^^     Clear-  jf  thjg  average  loss  bc  added  to  the  aver- 

age  pressure,  the  sum,  .637  -4-  .070  =  .707, 
expresses  the  relative  efficiency  with  which  a  given  weight  of  steam  would 
be  worked  if  there  were  no  loss  by  clearance.  It  shows  that  there  would 
be  a  gain  of  11  per  cent.  This  greater  relative  efficiency  is  represented  on 
the  diagram  by  the  upper  line/'/'. 

The  relative  efficiency  may  be  otherwise  found  by  means  of  formula 
( 10 ),  for  the  average  total  pressure,  the  item  of  clearance  being  eliminated 
from  it.  Suppose  the  clearance  in  the  diagram.  Fig.  ^^^^  to  be  included  as 
part  of  the  stroke,  then  the  period  of  admission  becomes  32  per  cent,  and 
the  length  of  stroke  107  per  cent.;  and,  when  the  initial  pressure  is  i. 


32  (i  +hyp  log  l^  or  3.35)  -  ^^^ 


107 


107 


=  .661, 


the  average  pressure,  as  against  .637  the  average  pressure  with  clearance. 
But,  as  the  strokes  are  different,  the  average  pressures  are  to  be  multiplied 
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by  their  respective  strokes,  to  give  the  proportion  of  the  efficiencies;  thus, 

.637  X  100  =  63.7  relative  efficiency,  for  25  %  admission,  with  7  %  clearance; 
.661x107  =  70.7  do.  32        do.  without  clearance; 

being  in  the  same  ratio  to  each  other,  as  the  values  .637  and  .707  already 
found. 

The  comparison  is  extended  for  other  periods  of  admission  by  simply 
adding  the  average  loss  .070,  to  the  corresponding  average  pressures  in  the 
4th  column  of  the  table.  No.  295.     Thus, 

When  the  steam  is  cut  off  at 

full  stroke,  J<,         %,  V3 »        /^»         >^»  Vie  V15  o^  stroke, 

the  average  pressures  representing  the  relative  work,  when  the   pressure 
during  admission  =  i,  are 

i.ooo,     .969,    .860,        .726,     .637,       .457,      .413,        .348, 

and,  adding  the  loss  by  7  per  cent,  of  clearance,  .070,  the  increased  relative 
work  done  by  a  given  weight  of  steam,  if  there  were  no  clearance,  would  be 

1.070,  1.039,    .930,        .796,     .707,       .527,       .483,        .418, 

showing  that  the  gain  would  be 

7,        7.2,        8.1,  9.6,     it.o,       15.3,  17,         20  percent, 

which  is  lost  by  clearance. 

Table  No.  295. — Ratios  of  Expansion  of  Steam,  with  Relative 
Periods  op  Admission,  Pressures,  and  Total  Performance. 

To  facilitate  calculations  about  steam  expanded  in  cylinders,  the  table 
No.  295  has  been  composed.  The  actual  ratios  of  expansion,  column  i, 
range  from  i.o  to  8.0,  for  which  the  hyperbolic  logarithms  are  given,  for 
ready  reference,  in  column  2.  The  3d  column  contains  the  periods  of 
admission  relative  to  the  actual  ratios  of  expansion,  as  percentages  of  the 
stroke,  calculated  by  Rule  4.  The  4th  column  gives  the  values  of  the 
mean  pressures  relative  to  the  initial  pressures,  the  latter  being  taken  as  i, 
calculated  by  formula  ( 10 ).  The  5th  column  gives  the  values  of  the  initial 
pressures  relative  to  the  mean  pressures,  when  the  latter  are  taken  as  i. 
These  values  are  the  reciprocals  of  those  of  the  4th  column ;  at  the  same 
time  they  may  be  calculated  by  formula  ( 9 ).  In  the  calculation  of  these 
last  three  columns,  3,  4,  and  5,  clearance  is  taken  into  account,  and  its 
amount  is  assumed  at  7  per  cent,  of  the  stroke.  In  the  6th  column,  of 
final  pressures,  they  are  such  as  would  be  arrived  at  by  the  continued 
expansion  of  the  whole  of  the  steam  to  the  end  of  the  stroke,  the  initial 
pressure  being  equal  to  i.  They  are  the  reciprocals  of  the  ratios  of 
expansion,  column  i,  as  indicated  by  Rule  5. 

The  7th  column  contains  the  relative  total  performance  of  equal  weights 
of  steam  worked  with  the  various  actual  ratios  of  expansion:  the  total 
performance  when  steam  is  admitted  for  the  whole  of  the  stroke  without 
expansion  being  equal  to  i.  They  are  calculated  on  the  principle  exem- 
pl&ed  at  page  832. 
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Table  No.  295. — Expansive  Working  of  Steam: — ^Actual  Ratios  or 
Expansion;  with  the  Relative  Periods  of  Admission,  Pres- 
sures, ANp  Performance. 

Clearance  at  each  end  of  the  Cylinder,  7  per  cent,  of  the  stroke. 

(Single  Cylinder.) 


I 

2 

3 

4 

5 

6 

7 

Actual 

Ratio  or 

Ratio  of 

Hypsrbolic 

CORRBSPOMDINC 

Total  Pn- 

Expansion  ; 

Logarithm 

Pbriod  op 

Avkragb 

Total 

Total. 

foxmaxcb 

Or  Number 

of  Actual 

Admission,  or 

Total 

Initial 

Fimal 

of  Equal 

of  Volumes 

Ratio  of 

Cut-off. 

Prsssukb. 

PRBSSUKB. 

PSBSSUKB. 

Wei^ts  of 

to  which  the 

Expansion. 

Qearance,  7  per 
cent,  of  the  Stroke. 

iSteam.  (CoL 

Initial  Volume 

r 

4-5-CoL6l} 

i%  Expanded. 

initial  volume 

stroke  =  loo. 

initial  pres- 

mean  pres- 

initial  pres- 

with  100  Z 
ofadmissioa 

^i. 

sure=x. 

sure=t. 

sure=i. 

=:i.ooa 

I.O 

.0000 

100 

1. 000 

1. 000 

1. 000 

1. 000 

1.05 

.0488 

95.0 

.9997 

1.003 

.952 

1.050 

I.I 

.0953 

903  O*"  ^/«o 

.996 

1.004 

.909 

1.096 

I.I5 

.1398 

86.0 

.990 

I.OIO 

.870 

I.I38 

1. 18 

.1698 

^3-3  or  5/6 

.986 

I.OI4 

.847 

1.164 

1.2 

.1823 

82.1 

.983 

1.017 

.833 

1. 180 

1.23 

.2070 

80.0  or  4/5 

.980 

1.020 

.813 

1.206 

1.25 

.2231 

78.6 

.977 

1.024 

.800 

1.22! 

1.3 

.2624 

75.3  or  ^ 

.969 

1.032 

.769 

1. 261 

1.35 

.3cxx> 

72.3 

.961 

1. 04 1 

.741 

1.297 

1-39 

•3293 

70.0  or  7/xo 

.953 

1.049 

.719 

1.325 

1.4 

.3365 

69.4 

.951 

1.052 

.714 

1.332 

1.45 

.3716 

66.8  or  a/3 

.942 

1.062 

.690 

1.365 

1.5 

.4055 

64.3 

.932 

1.073 

.666 

1-399 

1.54 

.4317 

62.5  or  }i 

.925 

1.081 

.649 

1.425 

1.55 

.4382 

62.0 

.922 

1.085 

.645 

1429 

1.6 

.4700 

59.9  or  3/5 

.913 

1.095 

.625 

1.461 

1.65 

.5008 

57.9 

.903 

1. 107 

.606 

1.490 

1.7 

.5306 

56.0 

.894 

1. 119 

.588 

1.520 

1-75 

.5595 

54.1 

.883 

1. 132 

.571 

1.546 

1.8 

.5878 

52.4 

.873 

I.I45 

.555 

1.573 

1.85 

.6153 

50.8 

.864 

1. 157 

.541 

1.597 

1.88 

.6314 

50.0  or  J4 

.860 

1. 163 

.532 

I.6I6 

1.9 

.6419 

49.3 

.854 

1. 171 

.526 

1.624 

1.95 

.6678 

47.9 

.846 

1. 182 

.513 

1.649 

2.0 

•6931 

46.5 

.836 

1. 196 

.500 

1.672 

2.1 

.7419 

44.0 

.818 

1.222 

.476 

I.7I8 

2.2 

.7885 

41.6 

.799 

I.25I 

.455 

1.756 

2.28 

.8241 

40.0  or  a/5 

.787 

I.27I 

.439 

1.793 

2.3 

.8329 

39.5 

.782 

1.279 

435 

1.798 

2.4 

.8755 

37.6  or  H 

.766 

1.305 

.417 

1.837 

2.5 

.9163 

35.8 

.750 

1.333 

.400 

1.875 

2.6 

.9555 

34-2 

'73^ 

^359 

.385 

1. 91 2 

2.65 

.9745 

33-3  or  1/3 

.726 

1.377 

'377 

1.925 

2.7 

.9933 

32.6 

.719 

I.39I 

.370 

1.943 

2.8 

1.030 

31.2 

.706 

1.416 

.357 

1.978 

2.9 

1.065 

29.9  or  3/10 

.692 

1.445 

.345 

2.006 

3.0 

1.099 

28.7 

.679 

1.473 

.333 

2.039 

3.1 

1. 131 

27.5 

.665 

1.504 

.323 

2.059 

3.2 

1. 163 

26.4 

.652 

1.534 

.313 

2.083 

33 

1.194 

25.4 

.641 

1.560 

•303 

2.11$ 
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Table  No.  295  (continued). 


I 

3 

3 

4 

5 

6            j^ 

7    i 

Actual 

\- 

Ratio  or  ! 

Ratio  of 

HVFESBOLIC 

C6KKKSP0NDING 

1 

Total  Pb»-j 

ExTANSfOK  : 

LOCAKITHM 

PSJtlOD  OP 

AVKKACE 

Total 

Total 

FOKMAXCX  1 

Or  Number 

of  Actual 

Admission,  or 

Total 

Initial 

FiXAL        1 

of  equal 

of  Volumes 

Ratio  of 

Cut-off. 

Pkjbssuke. 

Prcssure. 

Pbksm;ks.    \ 

Weights  of 

to  which  the 

Qearajice,  7  per 

Steam.    CoL 

Initial  Volume 

cent,  of  the  stroke. 

1, 

4-^CbL6.) 

is  expanded. 

•1 

stroke=xoo. 

initial  pies- 

mean  pres- 

•1 

initialprcs> 

with  100  X 

=:x. 

sure=t. 

sure=i. 

sure=i. 

3.35 

1.209 

25.0  or  14 

.637 

1.570 

.298 

2.129 

3-4 

1.224 

24.5 
23.6 

.631 

1.585 

.294 

2.146 

3.5 

1.253 

.619 

1. 61 5 

.286 

2.164 

3.6 

I.281 

22.7 

.608 

1.645 

.278     : 

2.187  ! 

3-7 

1.308 

21.9 

.597 

1.675 

.270     1 

2.211   1 

3.8 

1.335 

21.2 

.589 

1.698 

.263     1 

2.240 

3.9 

I.361 

2a4 

.579 

1.727 

.256     1 

2.262 

4.0 

1.386 

19.7  or  Vs 

.567 

1.764 

.250    1 

2.278 

4.1 

luill 

19.1 

.559 

1.789 

.244     j 

2.291 

4-2 

1.435 

18.5 

.551 

1.815 

.238     1 

2.315 

4.3 

1.459 

"7.9 

.542 

1.845 

.233 

2.326 

4.4 

1.482 

17.3 

.533 

1.876 

.227     , 

2.348 

4.5 

1.504 

16.8  or  V6 

.526 

1.901 

.222     j 

1 

2.370 

4.6 

1.526 

16.3 

.518 

1.930 

.217      ! 

2.387 

4-7 

1.548 

15.8 

.511 

1.957 

.213 

2.399 

4.8 

1.569 

153 

•503 

1.988 

.208 

2uil8 

4.9 

1.589 

14.8 

.494 

2.024 

.204 

2.422 

5.0 

1.609 

14^  or  «/7 

i|88 

2.049 

.200 

2.440 

5-2 

1.649 

13.6 

.476 

2. 101 

.193 

2466 

5-4 

1.686 

12.8 

.462 

2.164 

.185 

2-i97 

5.5 

1.705 

12.5  or  '/s 

457 

2.188 

.182 

2.5  II 

5.6 

1.723 

12.1 

.450 

2.222 

.178 

2.528 

5.8 

1.758 

1 1.4 

.438 

2.283 

.172 

2.547 

5-9 

1.775 

I  I.I  or  V9 

.432 

2.315 

.169 

2.556 

6.0 

1.792 

10.8 

.427 

2.342 

.167 

2.567 

6.2 

1.825 

10.3 

.419 

2.387 

.161 

2.585 

6.3 

1. 841 

10.0  or  «/io 

.413 

2.421 

.159 

2.597 

6.4 

1.856 

9.7 

.407 

2.457 

.156 

2.609 

6.6 

1.887 

9.2  or  «/" 

.398 

2.513 

.152 

2.619 

6.8 

1.917 

8.7 

.388 

2.577 

.147 

2.639 

7.0 

1.946 

8.3  or  «/i2 

.381 

2.625 

.«43 

2.664    1 

7.2 

1.974 

7.9 

.373 

2.681 

.«39 

2.683    ' 

7-3 

1.988 

7-7  or  i/,3 

.369 

2.710 

.137 

2.693    1 

7.4 

2.001 

7.5 

.365 

2.740 

.135 

2.703    1 

7.6 

2.028 

7.1  or  Vm 

.357 

2.801 

.132 

2.71 1     ^ 

7.8 

2.054 

6.7  or  V15 

.348 

2.874 

.128 

2.719 

8.0 

2.079 

6.4  or  '/x6 

.342 

2.924 

.125 

2.736 

The  pressures  have  been  calculated  on  the  supposition  that  the  pressure 
of  steam,  during  its  admission  into  the  cylinder,  is  uniform  up  to  the  point 
of  cutting  off,  and  that  the  expansion  is  continued  regularly  to  the  end  of 
the  stroke.  In  practice,  of  course,  there  are  deviations  from  these  ideal 
conditions.  Wiredrawing  action  occasionally  causes  a  fall  of  pressure  during 
admission,  and  the  opening  of  the  exhaust  before  the  piston  arrives  at  the 
end  of  the  stroke  causes  the  expansion-line  to  Ml  avra^  Xo^k^x^  ^^  c£»^. 


838  STEAM  ENGINE — SINGLE-CYLINDER. 

The  allowances  necessary  to  be  made  for  these  deviations,  as  well  as  for 
the  back  pressure  of  the  air  in  non-condensing  engines,  and  that  from  the 
condenser  in  condensing  engines,  and  for  compression  of  exhaust  steam 
towards  the  end  of  the  return  stroke,  will  be  considered  at  a  subsequent 
stage.  The  calculations  have  been  made  for  periods  of  admission  ranging 
from  100  per  cent.,  or  the  whole  of  the  stroke,  to  6.4  per  cent,  or  Vieth  of 
the  stroke.  And  though,  nominally,  the  expansion  is  16  times  in  the  last 
instance,  it  is  actually  only  8  times,  as  given  in  the  first  column.  The  great 
difference  between  the  nominal  and  the  actual  ratios  of  expansion  is 
caused  by  the  clearance,  which  is  equal  to  7  per  cent  of  the  stroke,  and 
causes  the  nominal  volume  of  steam  admitted,  namely,  6.4  per  cent,  to  be 
augmented  to  6.4+  7  =  13.4  per  cent,  of  the  stroke,  or  mgre  than  double, 
for  expansion.  When  the  steam  is  cut  off  at  '/p  th,  the  actual  exp^ansion  is 
only  6  times ;  when  cut  off  at  Vs  th,  the  expansion  is  4  times ;  when  cut  off 
at  ^d,  the  expansion  is  if'z  times;  and  to  effect  an  actual  expansion  to 
twice  the  initiad  volume,  the  steam  is  cut  off  at  46  J^  per  cent,  of  the  stroke, 
not  at  half  stroke. 

Though  a  uniform  clearance  of  7  per  cent  at  each  end  of  the  stroke  has 
been  assumed  as  a  fair  average  proportion  for  the  purpose  of  compiling  the 
table,  the  clearance  of  cylinders  with  ordinary  slides  varies  considerably— 
say,  from  5  to  8  or  9  per  cent.  With  the  mean  clearance,  7  per  cent,  that 
has  been  assumed,  the  table  gives  approximate  results  sufficient  for  most 
practical  purposes;  they  will  economize  calculation,  and  they  are  certainly 
more  trustworthy  than  such  as  can  be  deduced  by  calculations  based  on 
simple  tables  of  hyperbolic  logarithms,  where  clearance  is  neglected. 

It  has  already  been  exemplified  at  page  831,  how  the  table  may  serve  in 
making  approximate  calculations  when  the  clearance  is  other  than  7  per  cent 

Total  W^ork  done  by  One  Pound  of  Steam  Expanded  in 

A  Cylinder. 

If  I  lb.  of  water  be  converted  into  steam  of  atmospheric  pressure— 
14.7  lbs.  per  square  inch,  or  2116.8  lbs.  per  square  foot — it  gradually 
occupies  a  volume  equal  to  26.36  cubic  feet;  and  the  work  done  in  acquir- 
ing this  volume  under  one  atmosphere  is  equal  to  2 11 6. 8  lbs.  x  26.36  feet 
=  55,799  foot-pounds.  The  equivalent  quantity  of  heat  expended  is 
I  unit  per  772  foot-pounds,  or,  altogether,  55,799-^-772  =  72.3  units.  This 
is  precisely  the  work  of  1  lb.  of  steam  of  one  atmosphere,  acting  on  a 
piston  without  expansion. 

The  gross  work  thus  done  on  a  piston  by  i  lb.  of  steam,  generated  at 
total  pressures  varying  from  15  lbs.  to  100  lbs.  per  square  inch,  varies,  in 
round  numbers,  from  56,000  to  62,000  foot-pounds,  equivalent  to  from 
72  to  80  units  of  heat 

The  simple  work  of  a  pound  of  steam,  without  expansion,  thus  exempli- 
fied, is  reduced  by  clearance  according  to  the  proportion  it  bears  to  the 
net  capacity  of  the  cylinder,  if  the  clearance  be  7  per  cent,  of  the  stroke, 
then  107  parts  of  steam  are  consumed  in  doing  the  work  of  a  stroke, 
which  is  represented  by  100  parts,  and  the  work  of  a  given  weight  of  steam 
without  expansion,  admitted  for  the  whole  of  the  stroke,  is  reduced  in  the 
ratio  of  107  to  lop.  Having  determined,  by  this  ratio,  the  quantity  of  work 
by  I  lb.  of  steam  without  expansion,  as  reduced  by  clearance,  the  work  for 
various  ratios  of  expansion  may  be  deduced  from  that,  in  terms  of  the 
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relative  performance  of  equal  weights  of  steam,  as  exemplified,  page  835, 
and  given  in  the  7th  column  of  table  No.  295. 

To  find  the  total  actual  work  of  i  lb.  of  steam,  for  any  ratio  of  expan- 
sion, it  is  only  necessary  to  multiply  the  simple  work,  without  expansion,  as 
reduced  by  clearance,  by  the  ratio  or  relative  performance  just  referred  ta 
The  simple  work  of  a  pound  of  steam  does  not  greatly  vary  with  the  pres- 
sure; and,  for  present  purposes,  the  work  of  steam  of  a  total  pressure  of 
TOO  lbs.  per  square  inch  will  be  calculated  and  tabulated.  This  pressure 
corresponds  to  a  net  pressure,  above  the  atmosphere,  of  85  lbs.  per  square 
inch — -a  convenient  average  standard  of  pressure.  The  volume  of  i  lb.  of 
saturated  st;ieam  of  100  lbs.  per  square  inch  is  4.33  cubic  feet,  and  the 
pressure  per  square  foot  is  144  x  100=14,400  lbs.;  then,  the  total  simple 
work — or  total  initial  work,  as  it  may  be  called — is, 

14,400  X  4.33  =  62,352  foot-pounds. 

This  amount  is  to  be  reduced  for  a  clearance  of,  say,  7  per  cent,  thus: — 

62,352  X  —  =  58,273  foot-pounds, 
107 

which  is  the  total  simple  work  of  i  lb.  of  steam  of  100  lbs.  total  pressure 
per  square  inch,  after  the  loss  by  clearance  is  deducted;  and,  divided  by 
Joule's  equivalent,  772,  it  is  equal  to  75.5  units  of  heat.  Now,  the  total  or 
constituent  heat  of  i  lb.  of  loo-lb.  steam,  reckoned  from  a  temperature  of 
212°  F.,  is  1 00 1. 4  units;  reckoned  from  102°  R,  the  temperature  of  water 
horn  the  condenser  under  a  pressure  of  i  lb.  per  square  inch,  the  con- 
stituent heat  is  11 11. 4  units.  The  equivalent  of  the  net  simple  work, 
75.5  units,  is,  then,  7.5  per  cent,  of  the  total  heat  reckoned  from  212®  F., 
or  6. 7  per  cent,  if  reckoned  from  102*'  F.  For  shorter  admissions,  with  com- 
plementary expansion,  the  work  is  increased  as  in  the  following  examples : — 

When  the  steam  is  cut  off  at 

I,        H,        K,  X,         Vs, 

the  actual  ratios  of  expansion  are, 

I,        1.3,      1.88,       3.35,         4.0, 


>i, 


5-5, 


7 


10, 


'/15  of  stroke, 


6.3,  7.8  times ; 


the  comparative  performances  of  i  lb.  of  steam  are  as 

I,    1.261,    1.616,      2.129,      2.278,      2.51 1,      2.597,      2.719, 
and  the  total  actual  work  of  i  lb.  of  loo-lb.  steam  is  in  the  same  proportion, 
S8,273,  73»5i3,  94,2oo,  124,066,  132,770,  146,325,  ^ShSyo,  158,414  foot-pounds. 
The  equivalents,  as  heat,  of  the  actual  work  done,  are 

75-5»      95-2,    122.0,      160.7,      J7i'9>      '^9.5,      196.1,      205.2  units, 
which  are,  in  parts  of  the  constituent  heat  reckoned  from  102**  F.,  equal  to 
6.7,       .8.5,      ii.o,        14.5,        15.5,        17.0,        17.6,        18.5  per  cent 

From  these  examples,  it  appears  that  the  total  work  done  by  i  lb.  of 
steam,  without  making  any  allowance  for  back  pressure  or  other  contin- 
gencies, varies  from  about  60,000  foot-pounds  when  applied  without  expan- 
sioDy  to  about  double  that,  or  about  120,000  foot-pounds,  when  expanded 
tbree  times,  cutting  off  at  about  27  per  cent  of  the  stroke;  and  to  about 
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150,000  foot-pounds,  or  2j^  times  the  first  performance,  when  expanded 
about  six  times,  cutting  off  at  about  10  per  cent  of  the  stroke. 

Also,  that,  of  the  heat  consumed  in  the  formation  of  steam,  not  7  per 
cent  is  converted  into  total  work  when  there  is  no  expansive  action;  that 
substantially  with  an  expansion  of  six  times  there  is  only  lyj^  per  cent 
converted ;  and  that  even  with  an  expansion  of  eight  times,  when  the  steam 
is  cut  off  at  Vis^^j  l^s  than  20  per  cent,  or  one-fifth  of  the  heat  consumed, 
is  converted  into  work.  The  remainder  of  the  heat  is  lost,  as  for  the  pur- 
pose of  the  steam-engine. 

Consumption  of  Steam  Worked  Expansively  per  Horse-power  of 

Total  Work  per  Hour. 

The  measure  of  a  horse-power  is  the  performance  of  33,000  foot-pounds 
per  minute,  or  of  33,000  x  60  =  1,980,000  foot-pounds  per  hour.  This  work 
is  to  be  divided  by  the  work  of  i  lb.  of  steam,  and  the  quotient  is  the 
weight  of  steam  or  water  required  per  horse-power  per  hour.  For  exam|^ 
the  total  actual  work  done  in  the  cylinder  by  i  lb.  of  loo-lb.  steam,  without 
expansion,  and  with  7  per  cent  of  clearance,  is  58,273  foot-pounds;  and 

1,9  0,000  _  ji^g  ^^  steam,  is  the  weight  of  steam  consumed  for  the  total 
58*273 
work  done  in  the  cylinder  per  horse-power  per  hour.  For  any  shorter  period 
of  admission,  with  expansion,  the  weight  of  steam  per  horse-power  is  less, 
as  the  total  work  by  i  lb.  of  steam  is  more,  and  may  be  found  by  dividing 
1,980,000  foot-pounds  by  the  respective  total  work  done;  or  by  dividing 
34  lbs.  by  the  ratio  of  performance,  column  7,  table  No.  295.  In  this  way 
it  is  found  that,  when  the  steam  is  cut  off  at 

I,  Hy         y^y         Hy         Vs*         >^»        V.c        V15  of  stroke, 

the  quantities  of  steam,  or  water  as  steam,  consumed  per  horse-power  of 
total  work  per  hour,  are 

34.0,      26.9,      21.0,      16.0,      14.9,      13.5,      13.1,       12.5  lbs. 

Further,  allowing  that  10  lbs.  of  steam  are  generated  by  the  combustion  of 
I  lb.  of  coal,  the  fuel  consumed  per  horse-power  of  total  work  per  hour  is, 

3.40,      2.69,      2.10,      1.60,      1.49,      1.35,      1.31,      1.25  lbs. 

Table  (No.  296)  of  the  Total  Work  done  by  i  pound  of  Steam 
OF  100  LBS.  Total  Pressure  per  Square  Inch. 

The  table  No.  296,  which  follows,  is  compiled  on  the  basis  of  the  con- 
ditions above  laid  do^v^^,  which  are  repeated  under  the  heading  of  the 
table,  for  ready  reference.  The  ist,  2d,  and  3d  columns  are  repeated  firom 
table  No.  295.  The  4th  column,  of  total  actual  work  done  by  i  lb.  of 
steam  of  100  lbs.  total  pressure,  is  calculated  by  multiplying  the  work 
without  expansion,  namely,  58,273  foot-pounds,  by  the  ratios  in  column  3, 
for  the  proportional  work  when  expanded.  The  5th  column  contains  the 
equivalent  of  heat  converted  into  work,  which  is  found  by  dividing  the 
work  in  foot-pounds  by  Joule's  equivalent,  772;  and  the  6th  and  7th 
columns  give  these  values  as  percentages  of  the  total  heat  of  steam  raised 
from  212°  and  102''  F.  respectively.  The  8th  column  contains  tlie  quantit)' 
of  steam  consumed  for  the  total  work  done  per  horse-power  per  hour. 
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Table  No.  296. — Total  Work  done  by  One  Pound  op  Steam  of 

100  LBS.  TOTAL  PRESSURE  PER  SQUARE  InCH. 

Assumptions. — That  the  initial  pressure  is  uniform ;  that  the  expansion  is 
complete  to  the  end  of  the  stroke ;  that  the  pressure  in  expansion  varies 
inversely  as  the  volume ;  and  that  there  is  no  back  pressure. 

Volume  of  i  lb.  of  steam  of  100  lbs.  pressure  per  square  inch,  or  14,400  lbs. 
per  square  foot,  4.33  cubic  feet. 

Product  of  initial  pressure  and  volume,  62,352  foot-pounds. 

Constituent  heat  of  I  lb.  of  this  steam — 

Reckoned  from  212°  F.,   1001.4  units. 

Reckoned  from  102®  F.,  IHI.4  units. 

Clearance  at  each  end  of  the  cylinder, 7  per  cent,  of  the  stroke. 


Total  Actual  Work 

F**  — 

■*  * 

Actual 
Ratio 

cokresponoing 
Period  of 

DONE  by  I  lb.  of  loo-lb. 
Steam. 

1 

Equivalent  of  meat 
converted  into  Work. 

Quantity  of 
Steam  con- 
sumed per 

OF 

Expan- 
sion. 

Admission 

or  Cut-off,  in 

percentage  of 

Stroke. 

Ratio  of 
Work  done 
(col.  7,  table 

No.  295). 

Actual 
Work 
done. 

Heat 
con- 
verted. 

Percentage 

tuent  Heat 

as  calcuh 

212*  F.  ar 

^6) 

'  of  Consti- 
converted, 
ited  from 
id  I02'  F. 

Horse-power 

of  actual 
Work  done 
per  Hour. 

(1) 

(2) 

(3) 

;*) 

(5) 

l7) 
%  from 

t02*F. 

(8) 

initial 
voL  =  I. 

percent. 

foot-        1 
pounds. 

units. 

%  from 
212'  F. 

lbs. 

I.O 

ICO 

1. 000 

58,273 ; 

75-5 

7.5 

6.7 

34-0 

1.05 

95 

1.050 

61,193 

79-3 

7.9 

7.1 

32.4 

I.I 

90.3  or  9/10 

1.096 

63,850 

82.7 

8.3 

7.5 

31.0 

I.I5 

86.0 

1. 138 

66,310 

85.9 

8.6 

7.8 

29.9 

1. 18 

83.3  or  5/6 

1. 164 

67,836 

87.9 

8.8 

7.9 

29.2 

1.2 

82.1 

1. 180 

68,766 

89.1 

8.9 

8.0 

28.8 

1.23 

80.0  or  4/5 

1.206 

70,246  : 

91.0 

9.1 

8.2 

28.2 

1.25 

78.6 

1. 221 

71,151 

92.2 

9.2 

8.3 

27.8 

1.3 

75-3  or  X 

1.261 

73,513 

95.2 

9.5 

8.5 

26.9 

1.35 

72.3        , 

1.297 

75,575  ; 

97.9 

9.8 

8.8 

26.2 

1.39 

70.0  or  7/10 

1.325 

77,242 

100. 1 

10.0 

9.0 

25.6 

1.4 

69.4 

1.332 

77,616 

100.6 

10. 1 

9.1 

25.5 

1.45 

66.8  or  2/3 

1.365 

79,555 

102.9 

10.3 

9.3 

24.9 

1.5 

64.3 

1.399 

81,546 

105.6 

10.6 

9.5 

24-3 

1.54 

62.5  or  }i 

1.425 

83,055 

107.6 

10.8 

9.7 

23.8 

1.55 

62.0 

1.429 

83,299 

107.9 

10.8 

9.7 

23.7 

1.6 

59.9  or  3/5 

1. 46 1 

85,125 

110.3 

11.0 

9.9 

23.3 

1.65 

57.9 

1.490 

86,828 

112.5 

1 1.3 

10.2 

22.8 

1.7 

56.0 

1.520 

88,598 

1 14.8 

11.5 

10.4 

22.4 

1.75 

54.1 

1.546 

90,115 

116.7 

11.7 

10.5 

22.0 

1.8 

52.4 

1.573 

91,680 

118.7 

11.9 

10.7 

21.6 

1.85 

50.8 

1.597 

93,065 

120.5 

12.0 

10.8 

21.3 

1.88 

50.0  or  }4 

I.616 

94,200 

122.0 

12.2 

1 1.0 

21.0 

1.9 

49.3 

1.624 

94,610 

122.5 

12.3 

11. 1 

20.9 

1.95 

47.9 

1.649 

96,100  1 

124.5 

12.4 

11.2 

20.6 

2.0 

46.5 

1.672 

97,432  1 

126.2 

12.6 

11.3 

20.3 

2.1 

44.0 

I.718 

100,266 

129.7 

13.0 

11.7 

19.8 

2.2 

41.6 

1.756 

102,366 

132.5 

13.2 

11.9 

19.4 

2.28 

40.0  or  '/s 

1.793 

104,466 

135.3 

13.5 

12.2 

19.0 

2.3 

39.5        ^ 

1.798 

104,855 

135.7 

13.6 

12.3 

18.9 

2.4 

37.6  or  }i 

1.837 

107,050 

138.6 

13.9 

12.5 

18.5 

2.5 

35.8 

1.875 

109,266 

141.5 

14.1 

12.7 

18.1 

2.6 

34-2 

1. 91 2 

111,400 

144.3 

14.4 

13.0 

17.8 
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Table  No.  296  (coiUmued). 


rItto'' 

SL'Wr 

L--" 

Em- 

li^'S^Wori^'^ 

w 

Hot 

PBrcmuge  of  Cwmi- 

dOM. 

=  ..'F,™d.«-K. 

Sk" 

ptTBH,!. 

Ij) 

pound ». 

ii) 

ik 

?Jt 

* 

™2.6s'' 

33-3  "I- '/. 

1.925 

145.4 

I4-S 

13.1' 

17.7 

3.7 

31.6 

'■943 

113,244 

146.7 

14.7 

13.2 

17.6 

2.8 

30-3 

1.978 

115.244 

149.2 

14-9 

13-4 

17.2 

2.9 

29'9  or  '/lo 

2.006 

116,885 

151.4 

15.1 

,3.6 

164 

3-0 

28.7 

2.039 

118,820 

'53-9 

15.4 

'3-9 

■6-7 

3' 

27.5 

2.059 

1 19,970 

'55-4 

iSS 

'3-9 

16.S 

3.1 

26.4 

2.0S3 

.21,386 

157.2 

•5-7 

14,1 

16.3 

3-3 

25.4 

2.115 

123,278 

X 

16.0 

144 

i&i 

3-35 

35.0  or  V 

2.129 

124,066 

16.1 

14.5 

16.D 

3.4 

24.5 

a.  146 

.25,066 
126,125 

162.0 

16.2 

14.6 

15.8 

3-S 

23-6 

.63-4 

16.3 

'4-7 

15-7 

3-6 

22.7 

1=7,450 

.65.1 

16.S 

14.9 

'S-S 

3-7 

21.9 

22U 

128,860 

166.9 

16.7 

iS-o 

154 

3-3 

21.2 

2.240 

'3o>S33 

169.1 

16.9 

15.2 

15.1 

3-9 

20,4 

2.262 

131,800 

170.7 

17. 1 

'5.4 

IS* 

4.0 

19.7  or  '/s 

3.278 

132,770 

171.9 

t7.2 

11:1 

\n 

4.1 

19.1 

2.291 

'33,500 

172.9 

17-3 

4-2 

18.5 

2.315 

134,900 

.74.8 

17-5 

■S.8 

'4-7 

4-3 

17-9 

2.326 

"35,555 

175-6 

17.6 

.5-8 

14.6 

4.4 

n-i     . 

2.348 

136,825 

177.3 

17-7 

iS-9 

14-5 

4-5 

16,8  or  Ve 

2.370 

'38, -30 

17S.8 

17.9 

I6.t 

'4-34 

4.6 

16.3 

2-387 

139,100 

180.2 

18.0 

16.2 

14.13 

4-7 

1 5.8 

2-399 

139,800 

iSi.i 

18,1 

16.3 

14.16 

4-8 

IS.3 

2.418 

140,920 

.82,5 

i8,2- 

16.4 

14.05 

4-9 

14.8 

2.422 

141,210 

182.8 

18,3 

16.5 

1403 

S-o 

14.4  or  ■/, 

2.440 

142,180 

184.2 

184 

16.6 

13-92 

S-a 

.3.6 

2.466 

'43,720 

186,2 

1B.6 

16.9 

13.78 

5-4 

13.8 

2.497 

'45-525 

18B.5 

18.8 

,6.5 

13.60 

S'S 

.2.5  or  H 

2.5.. 

146,325 

189.5 

18.9 

17-0 

13-S3 

5.6 

12. 1 

2,528 

147.320 

190.8 

19.1 

17.2 

1344 

5.8 

11.4 

2S47 

148,390 

192.2 

19.2 

17-3 

133* 

5-9 

2.556 

148,940 

[92,9 

'9.3 

17-4 

13.29 

6.0 

10,8 

2.567 

149,586 

'93-7 

19.4 

'7S 

'3-23 

t-^ 

ia3 

2.585 

150,630 

195.1 

19.5 

17.6 

13.1* 

^■3 

2-597 

151.370 

.96,1 

19.6 

17.6 

IJ«8 

6.4 

9'7 

2.609 

152,033 

196,9 

19,7 

'H 

tixa 

6,6 

9-2  or  V>. 

2.619 

'52,595 

197.7 

19.8 

17.! 

12.98 

6.8 

8.7 

2.629 

153,810 

199,2 

19.9 

'7-9 

12.87 

?.o 

8.3  or  '/., 

2.664 

155,200 

18.1 

\m 

7.2 

7-9 

2.683 

'56,330 

202!6 

20.3 

18.3 

7.3 

7.7  or  ./i. 

2.693 

156,960 

203-3 

2U.3 

18.3 

12.61 

7-4 

7-S 

2.703 

157,560 

204.1 

20.4 

18.4 

12.5; 

7.6 

7.1  or./,. 

2,711 

'57,975 

204.6 

204 

,8.4 

12.53 

7.8 
8.0 

6.7  or  '/.J 
6.4or./,6 

=;?;? 

158414 
IWA33 

206.5 

20,5 
20.7 

18.5 
18.5 

12.W 
11.8  J 
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Appendix  to  Table  No.  296. 

OF  Multipliers  for  the  total  Work  done  by  i  lb.  of  Steam  of 
r  Pressures  than  100  lbs.  per  Square  Inch,  to  be  applied  to  the 
I  actual  Work  as  given  in  the  table.  See  explanatory  notice  of  the 
'»  page  840. 


Total  Pressures  below  xoo  lbs.  per 
Square  Inch. 


per  square  inch. 

65 
70 

75 
80 

85 
90 

95 


multiplier. 

•975 
.981 

.986 

.988 

.991 

•995 
.998 


Total  Pressures  above  loo  lbs.  per 
Square  Inch. 


lbs.  per  square 

inch. 

multiplier. 

100 

1.000 

IIO 

1.009 

120 

I. Oil 

130 

I.OI5 

140 

1.022 

160 

1.025 
1. 03 1 

tial  total  pressure  of  100  lbs.  per  square  inch  has  been  adopted  for 
,  as  an  average  pressure  in  ordinary  good  practice,  and  the  contents 
3le  are  good  as  approximate  values  for  other  pressures  considerably 
from  100  lbs.,  more  or  less.  A  tablet  is,  however,  appended  to  the 
.  296,  containing  multipliers  for  various  other  total  pressures,  which 
.pplied  to  the  total  actual  work  given  in  the  table  for  the  purpose 
nining  the  correct  total  quantities  of  work  for  steam  of  the  respec- 
sures.  These  multipliers  are  arrived  at  by  multiplying  the  total 
of  any  other  given  steam  per  square  foot,  by  the  volume  in  cubic 
lb.  of  such  steam,  and  dividing  the  product  by  62,352,  which  is 
uct  in  foot-pounds  for  steam  of  100  lbs.  pressure.  The  quotient 
iltiplier  for  the  given  pressure.  From  the  tablet  it  appears  that, 
the  extremes  of  65  lbs.  and  160  lbs.  per  square  inch,  the  deviation 
work  done  as  given  for  100  lbs.  pressure  does  not  exceed  2  J^  and 
It 


Iylinder-Capacitv  Relative  to  the  Steam  Expended  and 
Work  done  in  one  Stroke. 

lantity  of  cylinder-capacity  required  for  the  performance  of  a  given 
f  steam  admitted  for  one  stroke  depends  on  the  volume  of  the 
id  on  the  ratio  of  expansion.  If  the  given  weight  admitted  be 
d  by  the  volume  of  i  lb.  of  the  steam  and  by  the  actual  ratio  of 
1,  the  product  is  the  gross  cylinder-capacity,  including  clearance, 
uple,  if  I  lb.  of  steam  of  100  lbs.  pressure  per  square  inch  be 

for  the  whole  stroke,  without  expansion,  the  gross  capacity  is  the 
)f  I  lb.  of  such  steam,   namely,  4.33  cubic  feet;  and   the  net 

supposing  the  clearance  to  be  7  per  cent,  of  the  stroke,  is 


4.33^ 


100 

100  +  7 


=  4.047  cubic  feet. 
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If,  again,  2  lbs.  of  steam  of  100  lbs.  pressure  be  admitted  and  exp 
into  three  times  its  initial  volume,  the  gross  capacity  is, 

4.33  X  2  X  3  =  25.98  cubic  feet; 

and  the  net  capacity  is 

25.98  X  —  =  24.28  cubic  feet 
107 

From  this  is  derived  following  rule  for  net  capacity: — 

Rule  6.  To  find  the  net  Capucity  of  Cylinder  for  a  given  Weight  of 
admitted  for  one  stroke^  and  a  given  actual  ratio  of  expansion. — Muldp 
volume  of  i  lb.  of  the  steam  by  the  given  weight  in  pounds,  and  t 
actual  ratio  of  expansion.  Multiply  the  product  by  100,  and  div* 
100  plus  the  percentage  of  clearance.  The  quotient  is  the  net  caj 
of  cylinder. 

Again,  the  quantity  of  cylinder-capacity  required  for  the  perfon 
of  a  given  amount  of  total  actual  work,  in  one  stroke,  depends  0 
initial  pressure,  and  the  actual  ratio  of  expansion,  according  to  the  f< 
ing  rule : — 

Rule  7.  To  find  the  net  Capacity  of  Cylinder  for  the  perfartnance  of  a 
amount  of  total  Actual  Work,  in  one  stroke,  with  a  given  initial  pressure 
actual  ratio  of  expansion. — Divide  the  given  work  by  the  total  actual 
done  by  i  lb.  of  steam  of  the  same  pressure,  and  with  the  same  actual 
of  expansion ;  the  quotient  is  the  weight  of  steam  necessary  to  do  the 
work,  for  which  the  net  capacity  is  found  by  Rule  6,  preceding. 

Conversely,  the  weight  of  steam  admitted  per  cubic  foot  of  net  cap 
for  one  stroke,  is  the  reciprocal  of  the  cylinder-capacity  i>er  pound  of  s 
as  obtained  by  Rule  6. 

Likewise,  the  total  actual  work  done  per  cubic  foot  of  net  capacil 
one  stroke,  is  the  reciprocal  of  the  cylinder-capacity  per  foot-pound  of 
done,  as  obtained  by  Rule  7. 

Finally,  the  total  actual  work  done  i^er  square  inch  of  piston,  per  f< 
the  stroke,  is  ^Ix^ih,  part  of  the  work  done  per  cubic  foot ;  a  prism  1 
square  and  i  foot  long  being  Vi44^^  P^^  o^  ^  cubic  foot.  The  wc 
either  measure,  is  in  direct  proportion  to  the  mean  total  pressur 
scjuare  inch. 

Table  of  Relations  of  Net  Capaciit  of  Cylinder  to  Ste^ 

Admitted  and  Work  done. 

The  table  No.  297  gives  the  net  capacity  of  cylinder  required  in  re 
to  the  quantity  of  steam  of  100  lbs.  total  pressure  per  square  inch  const 
and  of  work  done,  in  one  stroke.  Columns  i,  2,  and  3,  are  the  rat 
expansion,  periods  of  admission,  and  total  actual  work  done  by  i 
steam  of  100  lbs.  pressure,  repeated  from  columns  i,  2,  and  4,  i 
previous  table,  No.  296.  In  the  4th  column  are  the  net  capacit; 
cylinder  required  for  each  pound  of  steam  admitted  for  one  s 
found  by  Rule  6;  and  in  the  5th  column  are  the  net  capadti 
cylinder  for  100,000  foot-pounds  of  total  actual  work  done  in  one  s! 
found  by  Rule  7.  The  6th  column  contains  the  weights  of  stea 
100  lbs.  pressure  admitted  to  the  cylinder  for  one  stroke,  per  cubic  f< 
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ct  capacity.  These  values  are  simply  the  reciprocals  of  those  in  column  4. 
lie  7  th  column  contains  the  total  actual  work  done  by  steam  of  100  lbs, 
aitial  pressure,  for  one  stroke,  per  cubic  foot  of  net  capacity.  These 
alues  are  the  products  of  the  reciprocals  of  those  in  column  5,  by  100,000, 
ince  this  is  the  number  of  foot-pounds  for  which  the  values  in  column  5 
ire  calculated.  The  8th  column  gives  the  total  actual  work  per  square 
Dch  of  piston-area,  per  foot  of  stroke,  in  foot-p>ounds;  the  initial  pressure 
5 100  lbs.,  and  the  following  pressures,  for  the  different  ratios  of  expansion, 
aay  also  be  read  as  percentages  of  the  initial  pressure.  The  total  actual 
forks  are  directly  proportional  to  the  mean  total  pressures  per  square  inch, 
I  given  in  column  4,  table  No.  295,  page  836,  where  the  initial  pressure 
t  taken  as  i;  and  the  former  have  been  found  by  multiplying  the  latter 
spectivelyby  100. 

The  contents  of  the  table  No.  297  are  calculated  for  steam  of  100  lbs. 
er  square  inch,  total  initial  pressure ;  but  they  are  available,  with  the  aid 
r  a  set  of  multipliers,  for  other  pressures.  For  column  3,  the  total  actual 
ork  done,  the  multipliers  have  already  been  given  in  the  tablet  appended 
I  the  table  at  page  848,  for  pressures  of  from  65  lbs.  to  160  lbs.  per 
[uaie  inch.  For  column  4,  of  the  net  capacity  of  cylinder  per  pound  of 
cam  expended  in  one  stroke,  the  multipliers  are  simply  the  ratios  of  the 
>lume  of  I  pound  of  loo-lb.  steam  to  the  respective  volumes  of  i  pound  of 
cam  of  other  initial  pressures.  Thus,  for  steam  of  65  lbs.  total  pressure,  of 
hich  the  volume  of  i  pound  is  6.49  cubic  feet,  to  be  compared  with  4.33 
ubic  feet,  which  is  the  volume  of  a  pound  of  loo-lb.  steam,  the  multiplier  is 

6.49 
4.33 

nd  the  net  capacity  of  cylinder  per  pound  of  65-lb.  steam,  when  the 
team  is  admitted  for  the  whole  of  the  stroke,  is 

4.05  cubic  feet  (for  loo-lb.  steam)  x  1.5  =  6.07  cubic  feet. 

For  column  5,  of  the  net  capacity  of  cylinder  per  100,000  foot-pounds 
»f  total  actual  work  done  in  one  stroke,  the  capacity  for  other  pressures  is 
lodified,  in  the  first  place,  in  the  inverse  ratio  of  the  multipliers,  as  found 
^T  tablet,  page  848,  for  loo-lb.  steam,  and  steam  of  the  given  pressure; 
econdly,  in  the  ratio  of  the  volume  of  i  pound  of  loo-lb.  steam,  to  that  of  a 
K>und  of  the  given  steam.  For  example,  for  steam  of  65  lbs.  total  i)ressure 
>er  square  inch,  the  weight  of  loo-lb.  steam  to  do  a  given  total  work,  as 
ompared  with  the  weight  of  65-lb.  steam,  is  as  .975  to  i.ooo,  and  the 
dumes  of  a  pound  each  of  the  two  steams  are  respectively  4.33  and  6.49 
tibic  feet,  or  as  i  to  1.5  as  already  found.  The  values  in  column  5  are 
herefore  to  be  increased  in  the  compound  ratio  of 

•975  to  I.ooo 
and       I  to  1.5 


or,  combined,  as  .975  to  1.5, 
or  as       I  to  1.54. 

rhe  multiplier  for  65-lb.  steam  is  thus  1.54. 
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;  No.  397. — Net   Cvlinder-CaP/^city,  with    Relation  tu  StejOi 
Admitted,  and  Total  Actual  Work  dove. 
For  Steam  of  lOO  lbs.  total  pressure  per  square  inch. 
Clearance  at  each  end  of  the  Cylinder,  7  per  cent,  of  the  stroke. 




N«  CspMiiy  <.(      1  P 

rCuWc 

Foo.of  Xci 

CyliiS'er            l[  C 

IHQij-otCyliiiJcT-. 

TotAi 

Actual 

Phiod  of 

Ratio 

Actual 

''of'^'lb'' 

luBl  Work     pj 
Si™Vf     " 

^'^ 

t^'sw™" 

^sion"' 

"^  SmkT  "' 

byYlh,  of" 
loo.ll^Sl™n, 

Slcam, 

^ 

To™  Inilul 

HX. 

iQOlbl.                  I 

rokt 

ssiiTs 

ioilii^VDl- 

ptrctnl. 

l6«-^!«.d^ 

o-bieXeot 

cu.  Ita-        p 

rid. 

f.«t-l»undi 

hat- 

pawk 

I.O 

100 

58,373 

4.0s 

6.94 

247 

14.400 

I.OS 

9S-0 

61,193 

4-35 

6.95 

235 

14,388 

99-97 

90.3  or  »/,<. 

63,850 

4.45 

6-97 

235 

14,347 

99.6 

i.iS 

86.0 

66,310 

4.65 

7.02 

2'5 

14,245 

990 

1.18 

83.3  or  >k 

67,836 

4.78 

7.04 

209 

14.304 

9S.6 

82.1 

68,766 

4.86 

7,06   ] 

206 

14,164 

9S-3 

1.23 

80.0  or  4/s 

70,246 

4-98 

7-09   1 

[4,104 

98.0 

i.2S 

78.6 

71,15' 

5.06 

7.11    . 

198 

14,065 

97-7 

■■3 

75-3  or  H 

73.513 

5,26 

7-16   , 

190 

13,966 

96.9 

'■35 

73.3 

75,575 

546 

7-33   1 

'83 

■3,83' 

96.1 

139 

70.0  or  ?/,(, 

77,243 

563 

7-38 

178 

13.736 

953 

1.4 

69-4 

77,616 

S.67 

7.30   ■ 

176 

13,699 

95.1 

1.45 

66.8  or  '/j 

79,555 

5-87 

7.38 

170 

"3.55° 

9+2 

'■5 

64-3 

81,546 

6.07 

745    , 

165 

13,423 

932 

1.54 

62.5  or  H 

83.055 

6.23 

7.50 

161 

'3.333 

93.5 

■■5S 

63.0 

83.299 

6.37 

7-53 

'59 

.3,280 

92-2 

1.6 

59.9  or  3/5 

85.125 

6.47 

7-6 1  : 

ISS 

'3,141 

91-3 

i.6S 

S7-9 

86,838 

6.68 

7-69  ; 

150 

13.004 

1-7 

56.0 

88,598 

6.88 

7-77 

145 

.2,870 

'•75 

S4.I 

90,115 

7.08 

7.92 

141 

13,636 

88.3 

1.8 

S2-4 

91,680 

7-30 

7-95 

"37 

13.579 

87-3 

..8s 

50.8 

93,065 

749 

8.04 

134 

1243a 

86.4 

i.sa 

SCO  or  % 

94,200 

7.61 

8.0a 

131 

'3,376 

86.0 

1     '-9 

4.9'3 

94,610 

7.69 

8.13  ! 

130 

13,300 

854 

i     J-95 

47.9 

96,100 

7.S9 

8.22 

127 

12,165 

84.6 

46.S 

97,432 

8.09 

8.31 

'2,054 

83-6 

44-0 

r  00,366 

8.50 

8.49 

n8 

11.778 

8[.S 

3.2 

41.6 

102,366 

8,90 

8.70 

11494 

?g 

218 

40.0  or  >/s 

[04,466 

9.23 

8.83 

108 

11,325 

2-3 

39-5 

104,855 

9-3' 

8-89 

107 

11,249 

78.! 

2-4 

37.6  or  H 

107,050 

9.71 

9.07 

'03 

11,025 

76.6 

H 

35-8 

r  09,366 

9.36 

099 

10,709 

;!■» 

2.6 

34-i 

111,400 

10.53 

9-45 

095 

10,582 

73.6 

2.6; 

33-3  or  ■/, 
32.6 

10.72 

9-56 

093 

10460 

7=.6 

3-7 

113,244 

10.93 

9.65 

091 

10,363 

7r-9 

2.8 

30-2 

115,344 

it.33 

9-83 

o83 

10. '73 

70.6 

3.9 

29.9  or  3/.0 

116,855 

11.74 

10.04 

08s 

9,960 

69.1 
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Appendix  to  Table  No.  297. 

Tablet  of  Multipliers  for  Net  Cylinder-Capacity,  Steam 

Admitted,  and  Total  Work  done. 

For  Steam  of  other  pressures  than  100  lbs.  per  square  inch. 
(See  explanatory  notice  of  the  table,  page  844.) 


1 

Multipliers. 

Total  Pres- 
sures per 
Square  Inch. 

!  For  Cohimn  3. 
1   Total  Work. 

1 

For  Cohimn  4. 
Capacity. 

For  Column  5. 
Csqncity. 

For  Column  6. 

Weight  of 

Steam. 

ForCobinutt 
yandS. 
Work. 

lbs. 

65 

.975 

1.50 

1.54 

.666 

.65 

70 

.981 

1.40 

1-43 

.714 

.70 

75 

.986 

I-3I 

1-33 

.763 

.75 

80 

.988 

1.24 

1.25 

.806 

.80 

85 

.991 

1. 17 

1. 18 

.855 

.85 

90 

.995 

I. II 

I. II 

.901 

•90 

95 

.998 

1.05 

1.05 

•952 

•95 

100 

1. 000 

1. 00 

1. 00 

1. 00 

1.00 

no 

1.009 

.917 

.909 

1.09 

1. 10 

120 

I. Oil 

.843 

.833 

1.17 

1.20 

130 

1. 01 5 

.781 

.769 

1.28 

1.30 

140 

1        1.022 

.730 

.714 

1.37 

140 

150 

1        1.025 

.683 

.667 

1.46 

1.50 

160 

1.031 

.644 

.625 

1.55 

1.60 

For  column  6,  of  the  weights  of  steam  per  cubic  foot  of  net  capacity 
for  one  stroke,  the  weights  given  for  loo-lb.  steam  are  to  be  multiplied  by 
the  reciprocals  of  the  multipliers  for  column  4,  corresponding  to  other  pres- 
sures. Thus,  for  65-lb.  steam,  the  multiplier  is  the  reciprocal  of  1.5,  or 
.666.  For  column  7,  of  the  total  actual  work  done,  i>er  cubic  foot  of  net 
capacity,  for  one  stroke,  the  work  given  for  loo-lb.  steam  is  to  be  multiplied 
by  the  reciprocal  of  the  multiplier  for  column  5,  as  determined  for  the  given 
other  pressure.  Thus,  for  65-lb.  steam,  the  multiplier  is  the  reciprocal  of 
1.54,  or  .65. 

For  the  total  actual  work  done  per  square  inch  of  piston  per  foot  of 
stroke,  by  steam  of  any  other  pressure,  the  values  given  in  column  8,  for 
loo-lb.  steam,  are  to  be  multiplied  by  the  given  pressure  and  divided  by 

TOO.     For  65-lb.  steam,  for  example,  the  multiplier  is,  in  fact,  —5-  =.65,  the 

100 

same  as  for  column  7.     Othenvise  regarded,  the  values  in  column  8  may 

be  taken  as  percentages  of  the  work  for  steam  as  admitted  for  the  whole  of 

the  stroke,  whatever  the  initial  pressure  may  be. 

It  is  apparent  that  the  multipliers  for  columns  7  and  8,  are  simply  equal 

to  the  respective  total  pressures  divided  by  100,  since  the  multiplier  for 

loo-lb.  pressure  is  taken  as  i.     These  multipliers  must  obviously  be  in  the 

direct  ratio  of  the  pressures;  and,  of  course,  the  multipliers  for  columns 

must  be  in  the  inverse  ratio  of  the  pressures. 
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COMPOUND   STEAM-ENGINE. 

The  compound  steam-engine,  consisting  of  two  cylinders,  is  reducible  to 
two  forms,  in  which,  first,  the  steam  from  the  first  cylinder  is  exhausted 
direct  into  the  second  cylinder,  as  in  the  Woolf  engine;  and,  second,  the 
steam  from  the  first  cylinder  is  exhausted  into  an  intermediate  reservoir, 
whence  the  steam  is  supplied  to,  and  expanded  in,  the  second  cylinder,  as  in 
the  "  receiver-engine."  In  the  Woolf  engine,  according  to  the  original  type, 
the  pistons  of  the  two  cylinders  move  together,  and  make  the  same  strokes 
simultaneously,  the  steam  from  the  top  and  the  bottom  of  the  first  cylinder, 
being  exhausted  into  the  bottom  and  the  top,  respectively,  of  the  second 
cylinder.  In  the  receiver-engine,  the  pistons  are  connected  to  cranks  on 
one  shaft,  at  right  angles  to  each  other. 

It  is,  in  the  first  place,  assumed  that  there  is  no  clearance  at  either  end 
of  either  cylinder;  that  there  is  no  frictional  resistance  nor  other  hindrance 
in  the  engine  to  the  flow  of  steam;  that  the  pressure  of  expanding  steam 
is  inversely  as  the  volume;  that  the  expansion  of  the  steam  is  continued  in 
both  cylinders  to  the  end  of  the  stroke;  and  that  in  the  second  cylinder 
the  steam  acts  against  a  perfect  vacuum  on  the  other  face  of  the  piston.  It  is 
assumed,  further,  that  no  intermediate  fall,  or  "  drop "  of  pressure  takes 
place  between  the  first  and  second  cylinders ;  that  is,  that  the  initial  pressure 
in  the  second  cylinder  is  equal  to  the  final  pressure  in  the  first  cylinder; 
also,  that  there  is  no  loss  of  steam  by  condensation  within  the  cylinders. 

Taken  generally,  the  work  done  by  expansion  into  the  second  cylinder, 
is  that  due  to  the  increase  of  volume  of  the  steam  in  this,  the  second  stage. 

Woolf  Engine — Ideal  Diagrams. 

The  diagrams  of  pressure  of  the  Woolf  engine  are  produced  in  Fig.  334, 
as  they  would  be  described  by  the  indicator,  according  to  the  arrows.  In 
these  ideal  diagrams,  /^  is  the  atmo- 
spheric line,  mn  the  straight  line  of 
perfect  vacuum,  cd  the  straight  line 
of  admission;  the  terminal  lines,  mc 
and  ng,  straight  and  perpendicular 
to  the  atmospheric  line,  dg  the  hyper- 
bolic curve  of  expansion  in  the  first 
cylinder,  and  ^^  the  consecutive  expan- 
sion-line of  back  pressure  for  the  re- 
turn stroke  of  the  first  piston,  and  of 
positive  pressure  for  the  steam-stroke 
of  the  second  piston.  At  the  point  hy 
at  the  end  of  the  stroke  of  the  second 
piston,  the  steam  is  exhausted  into  the 
condenser,  and  the  pressure  falls  to  the 
level  of  perfect  vacuum,  mn. 

The  diagram  pertaining  to  the  second 
cylinder,  below  the  curve  gh,  is  char- 
acterized by  the  absence  of  any  specific  period  of  admission;  the  whole  of 
the  steam-line  gh  being  expansive,  and  generated  by  the  expansion  of  the 

initial  body  of  steam  contained  in  the  first  cyHnder  into  the  second.     The 
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Fig.  334.— Woolf  Engine : — Ideal  Indicator 
Diagrams. 


8s  3  STEAM  ENGINE — COMPOUND  CYLINDERS. 

initial  volume — the  volume  of  the  first  cylinder — is,  however,  gradually  re- 
duced by  the  advancing  movement  of  the  first  piston,  by  which  the  initial 
steam  is  gradually  driven  into  the  second  cylinder;  until,  when  the  stroke 
is  completed,  the  whole  of  the  steam  is  transferred  from  the  first,  and  ij 
shut  into  the  second  cylinder.  The  first  cylinder,  then,  acts  as  a  coiUpt 
ible  head  to  the  second  cylinder  for  each  steam-stroke  of  the  latter;  the 
second  cylinder  being,  at  the  beginning  of  the  stroke,  augmented  by  the 
capacity  of  the  first ;  and  at  the  end  of  the  stroke,  reduced  to  its  nomui 
dimensions.  The  final  pressure  and  volume  of  the  steam  in  the  seccmd 
cylinder  are,  consequently,  the  same  as  if  the  whole  of  the  initial  steam  had 
been  admitted  at  once  into  the  second  cylinder,  and  then  expanded  to  the 
end  of  the  stroke ;  the  hypothetical  period  of  admission  being  such  a  &ac- 
don  of  the  stroke  of  the  second  cylinder  as  would  represent  the  ratio  of 
the  volume  of  the  first  cylinder,  which  is  the  volume  of  the  steam  admitted, 
to  that  of  the  second  cylinder. 

The  net  work  of  the  steam,  according  to  the  supposed  distributioa  id 
one  cylinder  only,  would  be  the  same  as  in  the  two  cylinders  compounded 
Construct  a  combined  diagram,  with  a  continuous  expansion-line,  by 
piecing  the  first  upon  the  second  of  the  two  diagrams.  Fig.  334,  page  849, 
representing  the  work  as  if  it  were  done  in  one  cylinder  equal  in  capidtj 
to  the  second  of  the  compound  cylinders.  For  this  purpose,  the  first 
diagram  is  to  be  contracted  to  a  length  bearing  the  same  proportion  to  the 
length  of  the  second  diagram,  as  the  volume  of  the  first  cylinder  to  that  of 
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agranu,  Fig.  3j6.— Woolf  Eoeine:— Idei!  DitpiLni, 

the  second  cylinder— in  this  example,  one-third.  It  is  necessary  to  do  so  in 
order  to  reduce  the  two  elements  of  the  combined  diagram  to  the  same  hori- 
zontal scale  for  measurement.  When  the  strokes  of  the  cylinders  are  equal 
to  each  other,  the  capacities  are  in  the  simple  ratio  of  their  areas.  In  this 
example,  therefore,  the  length  of  the  first  diagram  is  to  be  reduced  to  ore- 
third  of  the  length  of  the  second.  For  this  purpose,  let  gAma,  Fig.  335. 
annexed,  be  the  diagram  from  the  second  cylinder,  over  which  the  original 
diagram  fiom  the  second  cylinder  is  shown  in  dotting.  Draw  gg'"  parallel 
to  the  base,  and  mAc  perpendicular  to  the  base,  equd  to  the  height  of  the 
first  diagram;  set  otf  g'g"'  cq^ual  to  one-third  of  the  base,  and  upon  this 
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:educed  base g"g'  complete  the  first  diagram  cdg"^  by  drawing  cd  parallel 
x>  the  base,  and  equal  to  one-third  of  it,  and  the  expansion-curve  dg^.  For 
iie  lower  part  of  the  figure,  the  line  of  back  pressure  g''h  may  be  described 
3y  the  merfiod  of  ordinates,  repeated  from  the  curve  gh.  Thus  ihe  contracted 
iiagram  cdg''h  is  completed.  To  combine  the  first  diagram,  thus  reduced 
to  uniformity  of  scale,  with  the  second  diagram,  let  again  ghtnn^  Fig.  336, 
annexed,  be  the  second  diagram,  and  describe  the  first  diagram  as  reduced, 
in  a  reversed  position  cdg^h',  at  the  head  of  the  second  diagram,  the  same 
letters  of  reference  being  used.  Finally,  continue  the  hyperbolic  expansion- 
line  dg"  to  the  end  of  the  stroke  at  A.  Then  the  area  gg^h,  is  equal  to 
the  areai  gg^'A'f  and,  when  substituted  for  it,  completes  the  regular  indicator 
diagram  cdhmn^  with  a  continuous  expansion-line  dg^h.  The  substitution 
is,  in  fact,  necessary,  since  the  lower  part  of  the  first  diagram  partly  overlaps 
the  second  diagram. 

According  to  this  combination,  the  upper  part  of  the  diagram.  Fig.  336, 
above  the  curve  ghy  namely,  cdhg^  represents  the  diagram,  as  contracted,  for 
the  first  cylinder,  modified  in  form,  but  unaltered  in  area;  and  the  lower 
part,  below  the  curve  gh^  remains  unaltered,  both  in  form  and  in  area,  as 
the  diagram  for  the  second  cylinder.  The  combined  diagram,  as  a  whole, 
exactly  measures  the  whole  net  work  done  in  both  cylinders,  and  is  such  as 
would  be  formed  by  admitting  and  expanding  the  same  quantity  of  steam 
in  one  cylinder  having  the  dimensions  of  the  second  cylinder,  with  the 
period  of  admission,  cd^  equal  to  one-third  of  the  capacity  of  the  first 
cylinder,  or  one-ninth  of  the  capacity  or  the  stroke  of  the  second  cylinder. 

It  follows  further,  that  the  work  effected  by  expansion  into  the  second 
cylinder  of  the  Woolf  engine, — that  is,  the  total  work  arising  from  expansion 
against  the  second  piston,  plus  the  gain  of  work  in  the  first  cylinder  by  the 
gradual  reduction  of  back  pressure  in  accordance  with  the  expansion, — is 
equal  to  that  which  would  be  effected  by  delivering  the  whole  of  the  steam 
into  the  second  cylinder  before  expansion  is  commenced,  as  in  the  receiver- 
engine.     By  this  distribution,  the  upper  part  of  the  combined  diagram. 
Fig.  336,  cut  off  by  the  horizontal  line  gg^^  would  measure  the  net  work  of 
the  first  cylinder,  as  there  would  be  a  uniform  back  pressure  equal  to  ng 
on  the  piston ;  and  the  lower  part  of  the  diagram,  below  g^^  would  mea- 
sure the  work  of  the  second  cylinder,  with  a  period  of  admission  equal 
to  gg", — the  capacity  of  the  first  cylinder  at  the  pressure  ng, — and  with 
expansion  to  the  end  of  the  stroke. 

To  exemplify  the  foregoing  conclusions,  under  the  conditions  originally 
stated,  suppose  that  the  steam  is  admitted  to  the  first  cylinder  at  a  total 
initial  pressure  of  63  lbs.  per  square  inch ;  that  the  areas  of  the  first  and 
second  cylinders  are  respectively  i  and  3  square  inches,  and  that  the 
common  length  of  stroke  is  6  feet.  The  steam  being  cut  off  in  the  first 
cylinder  at  one-third  of  the  stroke  for  the  period  of  admission,  cd^  Fig.  335, 
page  850,  it  is  expanded  to  three  times  its  initial  volume,  and  to  one-third 
of  the  initial  pressure,  namely,  ng^  equal  to  2 1  lbs.,  at  the  end  of  the  stroke. 
The  steam  is  admitted  to  the  second  cylinder  at  the  same  pressure,  ng^ 
and  is  expanded  there  to  three  times  the  volume  it  acquired  in  the  first 
cylinder,  or  to  3  x  3  =  9  times  the  initial  volume  in  the  first  cylinder.  At 
the  same  time,  the  pressure  is  reduced  in  the  second  cylinder  to  one-third 
c^  the  final  pressure  in  the  first  cylinder,  or  to  one-ninth  of  the  initial  pres- 
sure there,  namely,  to  7  lbs.  per  square  inch,  measured  by  mh^  Fig.  335. 
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The  work  of  the  compound  engine  may  be  calculated  from  the  combined 
diagram,  Fig.  336,  page  851;  regarding  the  upper  part  of  the  figure,  above 
the  line  gg"^  as  the  net  work  of  the  first  cylinder,  according  to  the  equivalent 
distribution  mentioned  at  page  851,  where  the  action  is  compared  to  that  of 
a  receiver-engine;  and  the  lower  part,  below  g^^  as  the  work  of  the  second 
cylinder,  with  a  period  of  admission  equal  to  gg"^  and  an  expansion  to  the 
end  of  the  stroke.  For  the  first  section,  the  total  work,  over  the  base  nn\  is 
calculated,  and  the  work  of  the  pressure,  ng^  as  back  pressure,  on  the  same 
base,  is  deducted  from  it  to  give  the  net  work.  Now,  the  total  pressure, 
nc^  calculated  on  the  area  of  the  second  cylinder,  is  63  lbs.  x  3  square 
inches  =  189  lbs.;  and  the  period  of  admission,  cd^  is  one-ninth  of  the 
stroke,  or  »/3  foot  The  total  initial  work  is,  then,  189  x  ^  =  126  foot- 
pounds, and  the  total  work,  with  an  expansion  of  three  times  for  the  stroke, 
gg\  2  feet,  is 

126  X  (i  -I- hyp  log  3)  =  264.4236  foot-pounds. 

The  work  of  the  back  pressure,  ng^  or  21  x  3  =  63  lbs.,  into  the  stroke,  gf^ 
or  2  feet,  is  63  lbs.  x  2  feet=  126  foot-pounds,  and  the  net  work,  above 
the  line  gg'^y  is  264.4236  -  126  =  138.4236  foot-pounds. 

For  the  second  section,  according  to  the  equivalent  distribution,  the  initial 
work  is  equal  to  that  of  the  back  pressure  on  the  first  piston,  which  has  just 
been  calculated,  namely,  126  foot-pounds,  and  the  work  for  an  expansion  of 
three  times,  through  the  stroke,  «w,  is  found  by  what  is  only  a  repetition  of 
the  calculation  for  the  upper  section,  to  be  264.4236  foot-pounds. 

The  sum  of  the  two  sections  is  the  total  net  work  of  the  two  cylinders; 
thus : — 

Upper  section, 138.4236  foot-pounds. 

Lower  section, 264.4236         „ 

Total  net  work, 402.8472         „ 

Othenvise,  the  combined  diagram.  Fig.  336,  represents  the  whole  of  the 
work  as  if  it  were  done  in  one  cylinder  equal  in  capacity  to  the  second 
cylinder — assumed,  in  this  instance,  to  have  the  same  diameter  and  stroke. 
The  period  of  admission,  cd,  is  one-ninth  of  the  stroke,  or  6-^9  =  ^  foot; 
the  initial  pressure  being  63  lbs.  x  31  =89  lbs.,  and  the  initial  work 
1 89  X  ^=126  foot-pounds.     The  whole  work  of  the  stroke  is,  therefore, 

126  X  ( I  -I- hyp  log  9)  =  126  X  3.1972  =  402.8472  foot-pounds; 

as  was  calculated  before. 

Receiver-Engine — Ideal  Diagrams. 

The  hypothetical  distribution  which  has  been  described  for  the  Woolf 
engine,  according  to  which  all  the  steam  with  which  the  second  cylinder  is 
charged,  is  supposed  to  be  admitted  into  the  second  cylinder  before  expan- 
sion begins,  is  that  which  actually  takes  place  in  the  receiver-engine,— the 
second  general  combination  of  the  compound  engine, — in  which  die  pistons 
of  the  two  cylinders  are  connected  to  cranks  at  right  angles  to  each  other, 
on  the  same  shaft,  vf\\h  an  intermediate  receiver.  The  receiver  is  occupied 
by  steam  exhausted  itom  V\v^  fex  c^\ycA^\,^xA  ^  %\i?^^lv.es  steam  to  the 
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second  cylinder,  in  which  ii  is  cut  oft'  and  dicn  trxpandcd  to  die  end  of  die 
stroke.  On  the  assumption  that  the  initial  pressure  in  the  second  cyHnder 
is  equal  to  the  final  pressure  in  the  first  cylinder,  and,  of  course,  equal  to 
the  pressure  in  the  receiver,  the  volume  cut  off  in  the  second  cylinder  must 
be  equal  to  the  volume  of  the  first  cylinder,  for  the  second  cylinder  must 
admit  as  much  at  each  stroke  as  is  discharged  from  the  first  cylinder. 

For  illustration,  suppose  again  that  the  areas  and  capacities  of  the  first 
and  second  cylinders,  with  the  same  length  of  stroke,  are  as  i  to  3,  and  that 
the  steam  is  cut  off  at  one-third  of  the  stroke,  and  equally  expanded  in  both 
cylinders,  the  ratio  of  expansion  in  each  cylinder  being  thus  equal  to  the 
ratio  of  the  capacities  of  the  cylinders.  With  this  distribution,  the  volume 
admitted  to  the  second  cylinder  is  equal  to  the  volume  discharged  from  the 
first  cylinder,  and  there  is  no  intermediate  fall  of  pressure.  The  ideal 
diagrams  of  pressure  which  would  thus  be  formed  are  shown  in  juxtaposi- 
tion in  Fig.  337.  Here,  pq  is  the  atmospheric  line,  cd  is  the  line  of 
admission,  and  hg  the  exhaust-line  for  the  first  cylinder,  both  of  them  being 
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Fig.  337. — Receiver- Engine:— Ideal  In<Ucator 
Diagrams. 


Fig.  338. — Receiver- Engine:— Ideal  Diagrams, 
reduced  and  combmed. 


parallel  to  the  atmospheric  line;  and  dg  is  the  expansion-curve.  In  the 
region  below  the  exhaust-line  of  the  first  cylinder,  between  it  and  the  Hne 
of  perfect  vacuum,  the  diagram  of  the  second  cylinder  is  formed;  At,  the 
second  line  of  admission,  coincides  with  the  exhaust-line  /ig  of  the  first 
cylinder,  and  thus  shows  that,  in  the  ideal  diagrams,  there  is  no  intermediate 
fall  of  pressure.  The  line  of  pAfect  vacuum,  o/y  is  parallel  to  the  atmos- 
pheric line,  and  ik  is  the  expansion-curve.  The  arrows  indicate  the  order 
in  which  the  diagrams  are  formed. 

The  expansive  working  of  the  steam,  though  clearly  divided  into  two 
consecutive  stages,  is,  as  in  the  Woolf  engine,  essentially  continuous  frcm 
the  point  of  cut-off  in  the  first  cylinder  to  the  end  of  the  stroke  of  the 
second  cylinder,  where  it  is  delivered  to  the  condenser;  and  the  first  and 
second  diagrams  may  be  placed  together  and  combined  to  form  a  continu- 
ous diagram.  For  this  purpose,  take,  as  was  done  for  the  Woolf  engine, 
the  second  diagram  as  the  basis  of  the  combined  diagram,  namely,  htkiCt 
Fig.  3^8,  adding  the  atmospheric  line,/^.  The  period  of  admission,  hif  is 
one-thurd  of  the  stroke,  and  as  the  ratios  of  the  cylinders  are  as  z  to  ji  A/ 
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is  also  the  proportional  length  of  the  first  diagram  as  applied  to  the  second. 
Produce  oA  upwards,  and  set  off  oc  equal  to  the  total  height  of  the  first 
diagram  above  the  vacuum  line;  and,  upon  the  shortened  base  Ai\  and  the 
height  ACj  complete  the  first  diagram  with  the  steam-line  cd,  and  the 
expansion-line,  di. 

By  this  construction,  the  regular  indicator  diagram  cdklo  is  formed,  as 
applied  to  the  second  cyUnder,  and  it  measures  the  whole  net  work  done 
in  both  cylinders : — the  upper  section,  cdih^  being  the  measure  of  the  net 
work  done  in  the  first  cyUnder,  and  the  lower  section,  hiklOy  being  the 
measure  of  the  work  of  the  second  cylinder. 

Resuming  the  data  supplied  for  exemplifying  the  Woolf  engine,  with 
reference  to  the  ideal  diagrams  for  the  receiver-engine,  Fig.  337,  let  the 
areas  of  the  first  and  second  cylinders  be  respectively  i  and  3  square  inches, 
the  stroke  6  feet,  and  the  initial  pressure  in  the  first  cylinder  63  lbs.  per 
square  inch.  The  steam  being  cut  off  at  one-third  of  the  stroke  of  the  first 
cylinder,  the  final  pressure  is  21  lbs.,  and  the  total  initial  work  therein  is 
equal  to^rxr^  =  63  lbs.  x  2  feet  =126  foot-pounds;  for  the  whole  stroke 
the  total  work  is 

126  X  (i  -Hhyp  log  3)  =  126  X  2.0986  =  264.4236  foot-pounds, 

the  same  as  was  found  for  the  Woolf  engine.  For  the  second  cylinder,  the 
initial  pressure  is  21  lbs.  x  3  square  inches  =  63  lbs.,  and  the  initial  work  is 
represented  by  oh  x  hi^  which  is  equal  to  63  lbs.  x  2  feet  =126  foot-pounds. 
For  the  whole  stroke,  the  total  work  is 

126  X  (i  +hyp  log  3)=  126  X  2.0986  =  264.4236  foot-pounds. 

The  work  of  the  back  pressure,  oh^  on  the  first  piston,  which  is  continued 
for  the  whole  of  the  stroke,  is  to  be  deducted  from  this  total  work ;  it  is 
represented  by  the  rectangle  ohxhg,  equal  to  21  lbs.  x  6  feet  =126  foot- 
pounds. Then  (264.4236  -  126  =)  138.4236  foot-pounds  is  the  net  or  effec- 
tive work  for  the  second  cylinder  for  one  stroke.  This,  the  work  for  the 
second  cylinder,  is  to  be  added  to  the  work  for  the  first  cylinder,  and  the 
sum,  402.8472  foot-pounds,  is  the  united  work  for  one  stroke  of  the  two 
cylinders. 

This  is  the  same  quantity  of  work  as  was  calculated  from  the  Woolf 
diagrams. 

It  is  obvious  that  the  two  combined  diagrams,  Figs.  336  and  338,  pages 
850  and  853,  are  identical  in  form  and  development. 


Work  of  Steam  as  affected  by  Intermediate  Expansion. 

That  the  work  of  expanding  steam  is  to  be  calculated  from  the  expansion 
upon  a  moving  piston  only,  is  obvious  enough  when  it  is  considered  that 
the  steam  may  expand  into  an  intermediate  receiver,  and  into  intermediate 
passages,  vnthout  doing  any  work  on  a  piston,  whilst  at  the  same  time  the 
pressure  falls  or  "  drops  "  as  the  volume  is  enlarged.  Under  these  circum- 
stances, the  second  cylinder  receives  the  steam  at  a  lower  pressure  and  in 
larger  volume  than  it  has  when  there  is  no  intermediate  exp>ansion  and  fall 
of  pressure;  and  l\\eTe  *\s\^^^  vcotV  ^oxva, ^\\\\sx  vWraivo  of  active  expan- 
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I  is  necessarily  reduced.  If  the  second  cylinder,  however,  be  enlarged 
apacity,  in  proportion  to  the  enlargement  of  the  volume  of  the  steam 

the  fall  of  pressure,  by  intermediate  expansion,  the  ratio  of  expansion, 

the  work  done  in  it,  would  remain  the  same. 

ITiilst,  then,  there  is  no  reduction  of  work  consequent  on  intermediate 
ansion  of  the  steam,  provided  that  the  ratio  of  expansion  originally 
[gned  be  maintained  by  means  of  a  second  cylinder  of  suitably  large 
acity ;  there  is  actually  a  reduction  of  work,  or  loss  of  effect,  by  such 
rmediate  expansion,  when  the  capacity  of  the  second  cylinder  remains 
same. 

Intermediate  Expansion  in  the  Woolf  Engine. 

To  proceed  with  the  investigation  of  such  loss  by  intermediate  expansion 
s  suffered  in  the  Woolf  engine,  take  the  example  of  Woolf  engine  already 
Lted,  with  the  same  proportions  and  dimensions,  and  suppose  that  the 
d  capacity  of  the  passages  from  the  first  to  the  second  cylinder  is  one- 
d,  or  33  V3  per  cent.,  of  the  capacity  of  the  first  cylinder.  The  ideal 
grams  Fig.  335,  and  the  combined  diagram  Fig.  336,  page  850, 
reproduced,  partly  in  dot-lining,  in  Figs.  339  and  340  annexed, 
same  letters  of  reference  being  applied.  To  these  are  added  the 
difications  introduced  by  the  intermediate  fall  of  pressure.  The  admis- 
1  and  expansion  of  the  steam  in  the  first  cylinder  are  indicated,  as 
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"is-  339- —Woolf  Engine :— Diagrams  showing 
intermediate  £adl  of  pressure. 


Fig.  340. — Woolf  Engine: — The  snme  diagrams 
reduced  and  combined. 


ore,  by  the  straight  line  cd,  representing  an  initial  pressure  of  63  lbs.  per 
lare  inch,  and  the  curve  dgy  or  dg'',  with  a  terminal  pressure,  «^,  or  «V^> 
1 1  lbs.  But  when  the  exhaust  is  opened,  at  the  end  of  the  stroke,^  or  g'^, 
steam  expands  into  the  intermediate  space,  and  occupies  a  total  volume 
lal  to  I  '/a  OT  4/3  times  the  capacity  of  the  first  cylinder,  before  the  second 
ton  commences  its  stroke.  The  final  pressure  is,  at  the  same  time, 
uced,  in  the  inverse  ratio,  to  ^ths  of  21  lbs.,  or  15.75  lbs.  from  rtg  to  «^, 
from  n^g^  to  «VS  Fig.  340.  With  this  lower  pressure,  and  the  aug- 
nted  initial  volume,  i '  /^  times  the  capacity  of  the  first  cylinder,  the 


i 
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Fig.  341.  —  Woolf  Engine : — Expansion  Curves  for  first  and 

second  cylinders. 


Steam  expands  into  the  second  cylinder,  and  acquires  a  final  volume  by 
expansion  equal  to  the  capacity  of  the  second  cylinder  plus  the  intennediate 
space,  or  3  \l^  times  the  capacity  of  the  first  cylinder.     Hence  the  ratio  of 

expansion  into  the  second  cylinder  is  ^  J^  =  2.5 ;  and  the  final  pressure 

I  73 
mA"",  is  (15.75  lbs.  4- 2.5=)  6.3  lbs.  per  square  mch.     The  actual  cime 

of  expansion,  g*/t''y  is,  like  the  normal  curve  gh,  an  elongated  hyperbolic 
curve — an  elongation  of  the  hypothetical  expansion-curve,  g^A'',  which  flows 
from  the  augmented  initial  volume,  as  illustrated  in  the  annexed  Fig.  341, 
in  which  those  curves  are  reproduced,  and  in  which  the  augmented 
initial   volume   is  measured   by  the   extension,  nn" n\  of  the  base-line; 

this  extension  comprises /^'«", 
the  capacity  of  the  first  cylin- 
der, and  «'"/?,  the  capacity  of 
the  intermediate  space,  one- 
third  of  n'  fi"  \  making  together 
I  '/s  times  the  capacity  of  the 
first  cylinder.  At  the  end 
of  the  stroke  of  the  second 
cylinder,  when  the  piston  has 
arrived  at  /«,  the  first  piston 
has  arrived  at  //'",  leaving  the  clear  interval  of  intermediate  space,  «'"«, 
open  to  the  second  cylinder,  which,  added  to  the  capacity  nm  of  this 
cylinder,  makes  n" nm,  the  final  volume  of  the  steam  expanded  into  the 
second  cylinder,  equal  to  3  '^  times  the  capacity  of  the  first  cylinder.  Of 
this  total  volume,  the  section  n"n''y  i^/^  times  the  capacity  of  the  first 
cylinder,  is  the  hypothetical  period  of  admission,  composed  of  the  inter- 
mediate space  ri"'n,  and  the  capacity  of  the  first  cylinder  ////";  the  remain- 
ing section  Ti"m  being  the  hypothetical  period  of  expansion.  The  curve  of 
back-pressure,  g'  //'",  on  the  first  piston,  has  the  same  initial  and  final  pres- 
sures as  the  expansion-curve^*^". 

In  piecing  the  first  and  second  diagrams,  to  form  the  combined  diagram, 
Fig.  340,  the  triangular  area  of  positive  pressure  on  the  first  piston,  g*g^h"\ 
is  replaced  by  the  equal  triangular  area  g*  g^  A'',  and  thus  the  united 
work  of  the  two  cylinders  is  indicated  by  the  seven-sided  diagram  cdg' 
g^  h"  mn. 

The  effect  of  the  intermediate  fall  of  pressure  in  reducing  the  performance 
of  the  expanding  steam,  is  clearly  shown  by  the  combined  diagram,  Fig.  340, 
in  which  the  section  g" h  of  the  normal  expansion-curve  dg" h,  is  replaced 
by  the  lower  expansion-curve  g^  h",  with  the  vertical  line  g^g^  denoting  the 
intermediate  fall  of  pressure.  The  four-sided  area  g^g^k'h  expresses  the 
net  loss  of  useful  expansive  work  caused  by  the  intermediate  fall :  being  the 
balance  of  loss  after  deducting  the  gain  by  the  reduction  of  back-pressure 
on  the  first  piston,  measured  by  the  area  g^g^A'"  h\  from  the  loss  of  pres- 
sure on  the  second  piston,  measured  by  the  area,  gg*  A"  A,  sho^n  in  both 
the  Figs.  339  and  340. 

The  loss  of  work  by  expansion  of  steam  in  the  Woolf  engine,  into  an 
intermediate  space  between  the  first  and  second  cylinders,  may  be  shoTin 
and  calculated  in  the  same  way  for  other  volumes  of  intermediate  space- 
say,  one-half  more,  and  as  much  more  as  the  capacity  of  the  first  cylinder. 
Take  all  four  cases,  as  follows: — 
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Intermediate  Space.  Katies  o\'  lixpaiiilon.  Cuiiibincd  Ratio. 

.stcase:-Nil  i  ' st cylinder  i  to  3 

\  2d       „       I  to  3  I  to  9 

2d  case:—  'A  capacity  of  ist  cylinder  /  "'  cylinder  i  to  3 

'3     f^      ■>  J  J  2d       „       I  to  2.5         I  to  7.5 

3dcase:->^         „  „  /  ist  cylinder .  to  3 

"^  ^  "  "  (2d       „       I  to  2  73      I  to  7 

-th  rasp-— I  i  I  St  cylinder  i  to  3 

4thcase.-i  „  „  |  2d        „       i  to  2  i  to  6 

Applying  these  ratios  to  the  initial  steam  admitted  to  the  first  cylinder,  the 
total  initial  work  is,  as  before,  126  foot-pounds,  and  the  total  net  work  for 
one  stroke  of  the  two  cylinders  is  as  follows  -} — 

Foot-pounds. 

ist  case: — 126  x  (i  +hyp  log  9)     or  3.1972  =  402.8472 

2d  case: — 126  x  (i  +hyp  log  7.5)  or  3.0149  =  379.8774 

3d  case: — 126  x  (i  -f  hyp  log  7)     or  2.9459  =  371.1834 

4th  case: — 126  x  (i  +hyp  log  6)     or  2.7918  =  351.7668 

Intermediate  Expansion  in  the  Receiver-Engine. 

With  respect  to  the  loss  by  intermediate  expansion  and  fall  of  pressure 
in  the  receiver-engine,  take  examples  based  on  the  same  data  as  have  been 
applied  to  the  discussion  of  the  Woolf  engine ;  and  suppose,  in  the  first 
instance,  that  the  steam  is  expanded  in  the  receiver  into  I'/a  times,  or 
four-thirds  of,  its  volume  when  exhausted  from  the  first  cylinder,  the  pres- 
sure being  proportionally  reduced  to  three-fourths  of  the  final  pressure  in 
the  first  cylinder,  prior  to  its  being  admitted  into  the  second  cylinder. 
With  this  modification,  the  action  of  the  steam  is  represented  diagram- 
matically  in  Figs.  342  and  343  annexed;  the  first  for  the  two  cylinders 
separately,  the  second  being  the  combined  diagram.  These  diagrams  are 
fundamentally  the  same  as  the  ideal  or  normal  diagrams,  Figs.  337  and  338, 
P^c  853,  constructed  for  the  receiver-engine  without  any  intermediate 
fall  of  pressure,  and  the  same  letters  of  reference  apply  to  the  same  parts. 
The  admission-line  cd,  one-third  of  the  stroke,  and  the  expansion-curve  dg, 
for  the  first  cylinder.  Fig.  337,  are  the  same  as  in  the  normal  diagram, 
showing  an  expansion  of  three  times ;  the  initial  pressure,  0  c,  being  63  lbs. 
per  square  inch,  and  the  final  pressure,  Ig,  being  equal  to  21  lbs.  on  the 
square  inch  area  of  piston.  At  the  end  of  the  stroke,  the  pressure  of  the 
steam,  as  it  is  exhausted  into  the  receiver,  falls  one-fourth,  to  15.75  lbs., 
measured  by  lg\  which  gives  the  level  of  the  back  pressure  on  the  first 
piston,  g'h\  parallel  to^^.  The  steam  exhausted  from  the  first  cylinder  is 
at  the  same  time  expanded  to  I'/s  times  the  capacity  of  the  cylinder.  A 
volume  of  steam  I'/a  times  the  first  cylinder  must,  therefore,  be  admitted 

*  These  calcnlations,  as  well  as  others  which  are  quoted  in  this  section  on  compound 
engines,  are  detailed  at  length  in  a  work  on  the  steam  engine,  hy  the  author,  now  in 
course  of  preparationw 
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to  the  second  cylinder,  of  the  reduced  pressure  15.75  lbs.  i>er  square  indi 
The  length  h '  / ',  set  off  on  the  line  h  'g\  the  measure  of  the  enlarged  volume, 
is  the  period  of  admission  into  the  second  cylinder,  and  it  is  I'/a  times  ^/, 
or  I '/a  thirds  of  the  length  of  the  stroke  h'g\  or  2^  feet.  The  point  /',  in 
fact,  obviously  lies  in  the  normal  curve  of  expansion  ik;  and  from  this 
point  to  the  end  of  the  stroke,  at  k,  the  two  curves  of  expansion,  namely, 
the  normal  curve  i k^  and  the  new  curve  i'k,  so  far  as  it  extends,  are  iden- 
tical, with  a  terminal  pressure,  /^,  of  7  lbs.  per  square  inch.  The  outline 
of  the  combined  diagram  is,  then,  cdini'klo. 


-600 


_^ 


-ja> 


Fig.  342. — Receiver-engine : — Diagrams  showing 
Intermediate  Fall  of  Pressure. 


Fig.  343.— The  same  diagrams  reduced  aad 
combined. 


The  rate  of  expansion  in  the  second  cylinder,  according  to  this  distribu- 
tion, is  not  so  high  as  in  the  first  cylinder — the  initial  volume  being 
1 1/3  times  the  first  cylinder,  and  the  final  volume  being  the  capacity  of  the 
second  cylinder,  or  3  times  the  first  cylinder.     The  ratio  of  expansion  is, 

therefore,  — i-  =2.25. 

*   /3        . 

On  the  first  diagram,  Fig.  342,  it  appears  that,  whilst  there  is  a  gain  of 
net  work  to  the  first  cylinder  when  compared  with  the  normal  f)erformance, 
measured  by  the  drop  of  pressure,  gg\  for  the  whole  stroke  gh;  there  is, 
on  the  contrary,  a  loss  of  work  to  the  second  cylinder,  measured  by  the 
same  drop  of  pressure,  hh\  for  the  area  hii'h'.  The  net  loss  is  directly 
indicated  on  the  combined  diagram,  Fig.  343,  in  which  the  gain  in  the  first 
cylinder  is  measured  by  the  rectangle  hinh\  and  the  loss  in  the  second 
cylinder  by  the  trapezoid  hii'h'.  The  difference  of  these,  the  small  tri- 
angular area  //'//,  is  the  measure  of  the  net  loss. 

Taking  four  cases  for  comparison,  corresponding  to  those  calculated  for 
the  Woolf  engine,  the  results  of  calculation  arc  as  follows:^ — The  augmented 
initial  volumes  for  expansion  in  the  second  cylinder,  and  the  actual  ratios 
of  expansion  in  the  two  cylinders,  are, — 

*  These  calculations,  as  well  as  others  which  are  quoted  in  this  section  on  compound 
engines,  are  detailed  at  length  in  a  work  on  the  steam  engine,  by  the  author,  now  in 
course  of  preparation. 


WORK  OF  THE  WOOLF  ENGINE. 
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Augmented  Initial 

Volume  in  Parts  of  the 

First  Cylinder. 


ist  case I 


2d  case lyi  < 


Ratios  of  Expansion. 

I  St  cylinder,...  I  to  3 
2d      do.     ...  I  to  3 


I  St  cylinder,...  I  to  3 
2d      do.     ...I  to  2.25 


3d  case i}^ 


4th  case 2 


j  I  St  cylinder, . . .  i  to  3 
(  2d      do.     ...I  to  2 


I 


I  St  cylinder, 
2d      do. 


I  to  3 
I  to  1.5 


Combined  Ratio. 


I  to  9 


I  to  6.75 


I  to  6 


I  to  4.5 


The  net  works  are  calculated  in  terms  of  the  initial  work,  126  foot-pounds, 
and  the  combined  ratios  of  expansion,  with  an  allowance  for  the  net  work 
acquired  by  the  first  cylinder  due  to  the  intermediate  fall  of  pressure: — 

foot-pounds. 

I  St  case: — i26x(i      +  hyp  log  9)       or  3.1972  =  402.8472 

2d  case: — 126  x  (i^  +  hyp  log  6.75)  or  3.1595  -398.0970 

3d  case:~i26  x(i73  +  hyp  log  6)       or  3.1251  =393.7542 

4th  case: — 126  x  {i}4  +  hyp  log  4.5)    or  3.0041  =378.5166 

By  comparison,  it  appears  that  the  loss  of  work  by  intermediate  fall  of 
pressure,  is  less  in  the  receiver-engine  than  in  the  Woolf  engine ;  being  only 
6  per  cent,  of  loss  in  the  former,  as  against  12.7  per  cent  in  the  latter, 
when  the  pressure  falls  to  half  the  final  pressure  in  the  first  cylinder. 

Work  of  the  Woolf  Engine,  with  Clearance. 

Let  Figs.  344  and  345  represent  the  diagrams  of  pressure  from  the  first 
and  second  cylinders  of  a  Woolf  engine  having  the  same  dimensions,  pro- 
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Fig.  344. — Woolf  Engine : — Diagrams  with 
Clearance. 
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Fig.  345. — Woolf  Engine : — ^The  same  diagraniii 
reduced  and  combined. 


IK)rtions,  and  letters  of  reference,  as  in  the  preceding  examples,  with  the 
addition  of  a  clearance  at  each  end  of  the  first  cylinder,  measured  by  cc' 
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or  ///  m\  equal  to  7  per  cent,  of  the  stroke,  or  .42  foot  The  rectangular 
clearance  space  cc'm'm,  measures  the  passive  work  of  the  clearance,  or  the 
product  of  the  pressure  m  c  by  the  period  of  the  clearance  cd. 

As  the  steam  is  cut  off  at  a  third,  or  33  V3  P<-*r  cent.,  of  the  stroke,  the 

actual  ratio  of  expansion  is  (see  page  828)  -^ — '-  =  2.653.     The  initial 

pressure  being  63  lbs.,  as  before,  the  final  pressure,  ng^  is    ^    -  23.75  lbs.; 

and  the  final  volume,  taking  the  working  capacity  of  the  first  cylinder  as  i, 
is  I  +(7  per  cent.),  or  1.07.  If  there  be  no  more  clearance,  or  no  inter- 
mediate space,  between  the  first  and  second  cylinders,  the  initial  volume  for 
expansion  into  the  second  cylinder  is  1.07;  and  the  final  volume  is  3.   The 

ratio  of  expansion  in  it  is,  therefore,    -^    =  2.804;  and  the  final  pressure, 

23.75  ^*°^ 

///  h^  is  — ^ —  =  8.47  lbs.  per  square  inch. 

In  view  of  these  pressures,  it  is  apparent  that,  whilst  the  work  of  admis- 
sion during  the  period  cd'\%  the  same  as  it  was  when  there  was  no  clearance, 
namely,  126  foot-pounds,  the  work  by  expansion  is  greater,  for  the  final 
pressures  are  respectively  as  follows : — 

With  no  Clearance.  With  Clearance. 

In  the  first  cylinder, 21  lbs.  per  sq.  inch.      23.75  lbs.  per  sq.  inch. 

In  the  second  cylinder,...  7         „         „  8.47         ,,         „ 

If  it  were  practicable  to  construct  the  compound  cylinder  so  that  there 
should  not  be  any  intermediate  clearance,  the  employment  of  a  smaller 
cylinder,  as  a  prefix  to  a  given  cylinder,  for  receiving  the  charge  of  steani 
to  be  expanded  through  both  cylinders,  would  have  the  economical  eftect 
of  reducing  the  percentage  of  end-clearance,  measured  in  parts  of  the 
larger  cylinder.  But  it  is  not  practicable  to  do  so;  and  it  remains  to  trace 
the  influence  of  intermediate  space  combined  with  the  initial  clearance  of 
the  first  cylinder,  on  the  action  and  work  of  the  steam  in  the  second  cylinder. 

Take,  as  before,  four  cases,  and  suppose  that  the  volume  of  the  inter- 
mediate space,  including  what  is  technically  the  clearance  of  the  second 
cylinder,  is  a  simple  fraction  of  the  capacity  of  the  first  cylinder  plus  its 
clearance,  7  per  cent.,  or  of  1.07  times  the  capacity  of  the  first  cylinder,  as 
follows : — 

for  the  ist,  2d,  3d,  4th  case, 

the  intermediate  spaces  are, 

o,  Va*  ^»  i>  P^'^  o^  t^^  capacity  of  the  first 

cylinder  plus  its  clearance;  or  they  are, 

o,  .357,  .535,        1.07    of    the   capacity    of    the   first 

cylinder.  Add  to  these  1.07,  the  capacity  of  the  first  cylinder  plus  its 
clearance;  and  the  sums  are  the  total  initial  volumes  for  expansion  in  the 
second  cylinder, 

1.07,  X.427,        1.605,        2'^4>  times  the  capacity  of  the  first 

cylinder.  Again,  to  the  same  values  of  the  intermediate  space,  add  3,  the 
capacity  of  the  second  cylinder;  and  the  sums  are  the  final  volumes  by 
expansion  in  the  second  cylinder, 

3-o»  3'357>        3-535>        4«o7  times  the  capacity  of  the  first 
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cylinder.  The  ratios  of  expansion  in  the  second  cylinder  are  the  quotients 
cl"  the  final  by  the  initial  volumes : — 

2.804,  2.352,  2.202,  1.902,  ratios  of  expansion.  The 
intermediate  falls  of  pressure  are,  in  parts  of  the  final  pressure  in  the  first 
cylinder, 

o,  ^,  '/3,  J^  of  the  final  pressure;  or,  putting 

the  final  pressure  equal  to  23.75  lbs.,  as  was  found,  they  are 

0,  5.94,  7.92,        11.87    lbs.    per    square    inch.      The 
initial  pressures  for  expansion  in  the  second  cylinder  are, 

1,  ^,  Va*  /^  of  t^^  fi^^l  pressure  in  the  first 
cylinder;  or 

23-75,        17-81,        15-83,        11.87  lbs.  per  square  inch;   and  the 
final  pressures  in  the  second  cylinder  are, 

8.47,  7.57,  7.19,  6.24  lbs.  per  square  inch. 

The  combined  ratios  in  the  four  cases  are  as  follows : — 

.       .•        r  ^   •  *  ^  Combined  Ratio. 

ist  case: — ist  ratio  of  expansion, i  to  2.653 

2d  do.  I  to  2.804  I  to  7.438 

2d  case: — ist  ratio  of  expansion, i  to  2.653 

2d  do.  I  to  2.352  I  to  6.241 

3d  case: — ist  ratio  of  expansion, i  to  2.653 

2d  do.  I  to  2.202  I  to  5.843 

4th  case: — ist  ratio  of  expansion, i  to  2.653 

2d  do.  I  to  1.902  I  to  5.046 

The  initial  work  of  the  steam  of  63  lbs.  total  pressure,  admitted  into  the 
first  cylinder,  for  2  feet  of  the  stroke,  and  with  a  clearance  of  7  per  cent., 
or  .42  feet,  is  as  follows: — 

Work  done  on  the  piston, 63  lbs.  x  2  feet      =126  foot-pounds. 

Work  done  in  the  clearance,...  63  lbs.  x  .42  foot  =    26.46     „ 

Total  initial  work  of  the  steam,  63  lbs.  x  2.42  feet  =  152.46     „ 

This  sum  is  the  initial  work  on  which  the  work  by  expansion  is  calculated ; 
whilst  it  is  26.46  foot-pounds  in  excess  of  the  initial  work  done  on  the 
piston.     The  total  work  is,  then,  calculated  as  follows : — 

Net  Work  in 

ist  case: — 152.46  x  (i  +hyp  log  7.44)  or  3.0069  =  458.27      foot-pounds. 
less,  work  in  initial  clearance, 2  6. 46        43 1 . 8 1 

2d  case: — 152.46  x  (i  -I- hyp  log  6.24)  or  2.8310  =  431.47 

less 26.36        405.11 

3d  case:— 152.46  x  (i  -hhyp  log  5.84)  or  2.7647  =  421.35 

less 26.36         394-99 

4th  case: — 152.46  x  (i  -i-hyp  log  5.05)  or  2.6194  =  399.29 

less 26.36        372.93 


S62 


STEAM   ENGINE — COMPOUND  CYLINDERS. 


The  calculations  have  been  made  in  this  form  for  the  sake  of  comparison 
with  those  that  were  made  for  the  work  when  there  was  no  clearance  {page 
857).  They  can  be  made  more  directly  by  means  of  the  formula  (7)  at 
page  828.  The  reductions  of  net  work,  in  the  2d,  3d,  and  4th  cases,  arc 
successively  6.2,  8.6,  and  13.7  per  cent,  of  the  work  in  the  ist  case. 

Work  of  the  Receiver-Engine,  with  Clearance. 

For  the  work  of  receiver-engines,  with  clearance,  taken  at  7  per  cent,  at 
each  end  of  the  stroke  of  each  cylinder,  the  annexed  Fig.  346  shows  the 
diagrams  of  pressure,  using  the  same  data  and  letters  of  reference  as  in 
Fig.  342,  p.  858,  with  the  clearance  measured  hycc\  hh\  or  oo\  equal  to  7  per 
cent,  of  oL    The  steam  being  cut  off  at  '/ad,  the  actual  ratio  of  expansion  in 


the  first  cylinder  is,  as  for  the  Woolf  engine,  p.  860, 


100+7   _ 


=  2.653;  and 


.       6^  33V3+7 

the  final  pressure,  Ig^  is  — ^-  =  23.75  lbs.,  which  is  also  the  pressure  in  the 

2.653 

receiver,  when  there  is  no  intermediate  fall  of  pressure.     The  same  is  the 

initial  pressure  oh^  in  the  second  cylinder,  with  the  clearance  00' ,    The 

volume  admitted  into  the  second  cyHnder  is  equal  to  the  capacity  of  the 


*  V    O 


Fig.  346. — Receiver-engine:— Diagrams  with 
Gearance. 


oT^ 


Fig.  347. — Receiver-engine :— The  s^me  diagranis 
reduced  and  combined. 


first  cylinder  plus  its  clearance,  or  to  one-third  of  the  capacity  of  the 
second  cylinder  plus  its  clearance;  that  is,  to  one-third  of  107  per  cent., 
or  352/3  per  cent,  which  consists  of  the  clearance,  7  per  cent.,  and  (35 '/j 
-  7  =  )  28^/3  per  cent,  of  the  stroke  of  the  second  cylinder.  The  steam 
admitted  into  the  second  cylinder  thus  occupies  less  than  one-third  of  the 
stroke,  by  4^/3  per  cent.,  as  indicated  by  the  length  of  the  period  of  admis- 
sion, hi,  in  the  diagram.  As  the  steam  is  expanded  from  the  capacity  of  the 
first  cylinder  plus  its  clearance,  to  that  of  the  second  cylinder  plus  its  clear- 
ance, the  ratio  of  expansion  in  the  second  cylinder,  is  necessarily  equal  to 

the  ratio  of  the  capacities  of  the  two  cylinders,  which  is  3 ;  and  -^7—^  =  3  J 


and  the  final  pressure,  Ik,  is  i^iZl=r  7.92  lbs.  per  square  inch. 


2873  +  7 
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The  combmed  ^:sgnmr  ^%-  347-  shows  a  dislocated  e^an^on  line,  in  two 
parts:  4/^  for  tlie  first  cylindiery  and  iA  for  the  secoml  cyiinder.  The  first 
part,  d^j  is  extezttied  contiimocLsly  to  die  end  of  tiie  stroke  at  i\  and  shows 
the  loss  of  work  caused  b^  the  excess  of  the  volume  of  clearance  of  the 
second  qrfinder  cnnsr  that  for  the  first,  as  measured  by  the  area  of  the  strip 

For  the  other  three  cases,  of  intermediate  talis  of  pressure,  respectively 
J^th,  «/^  and  }4  of  the  final  pressure  in  the  first  cylinder,  the  relations 
are  as  follows: — 

For  the     ist,  2d,  ^d^  4th  case 

the  augmented  initial  volumes  for  expansion  in  the  second  cylinder  are, 

I,  iVjy  iK»  2        times  the  capacity  of  the 

first  cylinder  plus  the  clearance ;  or  they  are 

1.07,         i.427r         1*605,  2.14  times  the  capacity  of  the 

first  cylinder.     The  final  volumes  by  expansion  in  the  second  cylinder  are 
equal  to  the  capacity  of  the  second  cylinder  plus  its  clearance,  or  to 

3.21,  3.2iy  3'2i,  3.21   times   the  capacity  of  the 

first  cylinder;  and  the  ratios  of  expansion  in  the  second  cylinder  are 

3.00,  2.25,  2.00,  1.50. 

The  intermediate  feUs  d[  pressure  are 

o,  ^,  ^/3,  J4   the    final  pressures  in   die 

first  cylinder;  and  they  are  actually 

Oj  5.94,  7-92r         11.87  ^s.  per  square  inch*     The 

pressure  in  the  reservoir,  and  the  initial  pressure  in  the  second  cylinder,  are 
23-75>         i7-8ir         ^S-SJt         ir.87  lbs.  per  square  inch;  and 
the  final  pressures  in  the  second  cylinder  are 

7.92,  7.92,  7.92,  7.92  lb&  per  square  inch. 

To  calculate  the  works  done  in  the  four  cases : — First,  the  normal  net 
work  of  the  first  cylimier,  above  the  level  of  the  terminal  pressure,  Ai^y 
common  to  all  the  cases.  The  total  initial  work  done  on  the  piston  is^  as  was 
found  (p.  861),  126  foot-pounds,  and  the  work  of  the  clearance  26.46  foot- 
pounds. The  sum,  152.46  foot-pounds,  is  the  initial  work  on  which  the 
work  by  expansion  2.653  times  is  calculated;  thus. 

Foot-pounds. 

152.46  x(i-h hyp  log  2.653)  or  1.9757  =  301.21 
Less  work  in  initial  clearance, 26.46 

Total  work  on  piston,  above  the  vacuum  line,      274.75 
Deduct  work  of  back  pressure,  oA  x  Ag-^  or  > 

23.75  foot-pounds  X  3  inches  x  2  feet, )    '"^^'^^ 

Normal  net  work  on  the  first  piston, 132^25 

Next,  the  works  gained  to  the  first  piston  by  the  intermediate  Ms  of 
pressure. 

For  the       ist,  2d,  3d,  4th  cases^ 

the  work  is  expressed  by  the  rectangles, 

O9        5-94  ^^  ^  3  5<  2,     7.92  lbs.  X  3  X  2,     1 1.87  lbs.  x  3  x  2, 
or,  o,  35'^4i  47-52,  71.22  foot-pounds* 
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Third,  for  the  work  done  in  the  second  cylinder,  the  initial  work  for  eqian* 
sion  must  be  the  same  as  that  for  the  first,  namely,  152.46  foot-poonds; 
there  being  the  same  quantity  of  steam.  The  clearance  is  .42  foot,  and  tiie 
passive  work  in  the  clearance, 

for  the     I  St,  2d,  3d,  4th  case, 

is  23.75  lbs.  X 3 X. 42,     17-81  X 3 X. 42,     15.83x3 X. 42,     1 1.87 X 3 X. 42, 
or  29.92,  22.44,  19-95)  '495  foot-pounds. 

The  works  in  the  second  cylinder  are  calculated  from  these  data,  with  die 
ratios  of  expansion,  as  follows : — 


ist  case: — 152.46  x  (i  4-hyp  log  3)= 319-93 

less  the  work  in  clearance, 29.92         290.01 

2d  case: — 152.46  x  (i  +hyp  log  2.25)  = 276.10 

less  the  work  in  clearance,  2 2.44         253.66 

3d  case: — 152.46  x  (i  +hyp  log  2)  = 258.13 

less  the  work  in  clearance,  i9-95         238. 18 

4th  case: — 152.46  x  (i  +  hyp  log  1.5)= 21428 

less  the  work  in  clearance,  '495         199-33 

The  total  net  work  in  both  cylinders  for  one  stroke,  is  found  by  adding 
together  the  three  portions  of  work  for  each  case : — 

Nht  Wokk  Ratio 

in  Foot-pounds,    of  Nee  WoriL 

ist  case: — first  cylinder  above  final  pressure,     132.25 
intermediate, 0.00 

132.25 
second  cylinder, 290.01     422.26,   as    100 

2d  case: — first  cylinder  above  final  pressure,     132.25 
intermediate, 35-^4 

167.89 
second  cylinder, 253.66     421.55,   as  99.8 

3d  case: — first  cylinder  above  final  pressure,     132.25 
intermediate, 47-52 

179.77 
second  cylinder, 238.18     417.95,   as  99.0 

4th  case: — ^first  cylinder  above  final  pressure,    132.25 
intermediate, 71.22 

203.47 
second  cylinder, ^99-33     402.80,   as  95.4 
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it  is  seen  that  the  reduction  of  the  quantity  of  work  perfonned  foi 
troke  of  the  pistons,  by  intermediate  falls  of  pressure,  does  not 
1  I  per  cent,  when  the  fall  amounts  to  one-third  of  the  final  pressure 
:  first  cylinder;  and  it  is  less  than  5  per  cent,  even  when  the  fall 
Its  to  half  the  final  pressure.  The  proportional  reduction  of  work 
lething  less  with  clearance, — as  in  this  instance, — than  without  clear- 
as  exemplified  at  page  859. 

;  work  for  one  stroke  may  be  calculated  in  terms  of  the  combined 
of  expansion  for  the  two  cylinders ;  making  allowances  for  the  loss  by 
nee,  and  the  gain  to  the  first  cylinder  by  the  intermediate  fall  of 
ire.     The  total  initial  work  for  expansion  is,  as  was  found  (page  863). 
5  foot-pounds ;  and  the  ratios  of  expansion  are  as  follows : — 

case:— first  ratio  of  expansion, I  to  2.653       Compound  RAT,a 

second  do.  i  to  3.000        i  to  7.959 

case: — first  ratio  of  expansion, i  to  2.653 

second  do.  i  to  2.250        i  to  5.969 

case: — first  ratio  of  expansion, i  to  2.653 

second  do.  i  to  2.000        i  to  5.306 

case: — first  ratio  of  expansion, i  to  2.653 

second  do.  i  to  1.500       i  to  3.979 


th  respect  to  the  first  case,  it  is  obvious  from  an  inspection  of  the 

ined  diagram.  Fig.  347,  page  862,  that  the  calculation  of  the  work  in 

of  the  initial  work  for  expansion,  and  the  total  ratio  of  expansion, 

s  the  whole  area  of  the  diagram,  including  the  clearance-areas,  thus : — 

152.46  X  (i  +hyp  log  7.959)  or  3.0743  =  468.71  foot-pounds. 

this  is  to  be  deducted  the  work  of  the  initial  clearance  in  the  first 
ler,  26.46  foot-pounds,  represented  by  the  area  cc'o" o\  and  also  the 
of  the  excess  of  clearance  in  the  second  cylinder,  over  and  above 
)f  the  clearance  in  the  first  cylinder,  calculated  on  the  pressure  in  the 
'^er.  As  the  clearance  of  the  second  cylinder  is,  like  that  of  the  first, 
cent,  of  the  stroke,  or  .42  feet,  the  volumes  of  the  respective  clear- 
are  in  the  ratio  of  the  capacities  of  the  cylinders,  or  as  3  to  i,  and 
leasured  by  the  spaces  00'  and  00"  on  the  diagram.  The  clearance 
I  of  the  first  cylinder,  therefore,  when  transferred  to  the  second  cylinder, 
)nly  one-third  of  its  clearance  space,  measured  by  oo'\  and  of  the 
jre  oh\  and  additional  steam  from  the  receiver,  of  the  same  pressure, 
[uired  to  fill  the  remaining  two-thirds  of  the  clearance  of  the  second 
ler,  or.42x^  =  .28  foot,  measured  by  o"o\  The  work  of  the  two 
mces,  to  be  deducted,  is,  then,  as  follows: — 

:  of  clearance  of  first  cylinder,  c/o-o,  63  lbs.  x  \  ^  foot-pounds. 

3  m.  X  .14  foot,  or  63  lbs.  x  i  m.  x  .42  foot....  1  ^           ^ 

ss  of  clearance  of  second  cylinder,  h*o'o'\   \  _  , 

23.75  lbs.  X  3  in.  X  .28  foot I  ~  ^'^^ 

Work  of  clearances, 46.41        do. 
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The  gross  work  of  the  diagram  being,  as  above, 468.71  foot-pounds. 

The  work  of  clearances  to  be  deducted  is 46. 4 1        do. 

Net  work  for  one  stroke, 422.30        do. 

For  the  2d  case,  the  gross  work  is — 

152.46  X  (i  +hyp  log  5.969)  or  2.7866  =  424.84  foot-pounds. 
Deduct  the  work  of  the  clearances,  as  above,...  49.41         do. 

378.43         do. 

To  this  is  to  be  added  the  compensator)'  gain  by  the  fall  of  the  pressure 
in  the  reservoir,  which  is  equal  to  5.94  lbs.  per  square  inch.  It  is  to  be 
multiplied  into  the  length  of  the  stroke  of  the  first  cylinder,  for  the  reduction 
of  back-pressure,  and  the  clearance  of  the  second  cylinder  for  the  saving  of 
passive  work  in  the  clearance.  The  stroke  is,  as  reduced,  2  feet;  the 
clearance  is  .42  foot,  and  the  sum  of  these  is  2.42  feet.  Then  the  work 
of  the  gain  is, 

5.94  lbs.  X  3  in.  X  2.42  feet         =   43- 12  foot-pounds, 
which  is  to  be  added  to  the  remainder,  above,... 3 7 8. 43         do. 

making  the  net  work  for  one  stroke 42 1.55         do. 

The  calculations  of  net  work  are  similarly  performed  for  the  3d  and  4th 
cases,  and  they  are  all  brought  together  for  the  four  cases  for  comparison, 
as  follows : — 

Foot-pounds. 

ist  case: — 152.46X  (i  +hyp  log  7.959)  or  3.0743      =  468.71 

deduct  for  clearances, 46.41      422.30 

2d  case: — 152.46  x  (i  -hhyp  log  5.969)  or  2.7866      =  424.84 
deduct  for  clearances, 46.41 

378.43 
add  for  fall  of  receiver-pressure  5.94  lbs.  x 

3  in.  X  2.42  feet, 43.12      421.55 

3d  case: — 152.46  x(i  +hyp  log  5.306)  or  2.6688      =406.87 
deduct  for  clearances, 46.41 

360.46 
add  7.92  lbs.  x3  in.  X  2.42  feet 57-5o      417-96 

4th  case: — 152.46  x  (i -♦- hyp  log  3.979)  or  2.3810     -363.01 
deduct  for  clearances, 46.41 

316.60 
add  11.87  lbs.  X  3  in.  X  2.42  feet, 86.18      402.78 

The  net  works  thus  obtained  are  the  same  as  those  that  were  deduced  from 
the  diagrams  treated  separately  (page  864). 
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Comparative  Work  of  Steam  in  the  Woolf  Engine  and  the 

Receiver-Engine. 

It  has  been  shown  that  the  work  of  steam  in  the  compound  engine,  when 
there  is  no  clearance  and  no  intermediate  fall  of  pressure,  is  the  same  in 
amount,  whether  performed  on  the  Woolf  system  or  the  receiver-system; 
but  that,  when  there  is  an  intermediate  fall  of  pressure,  with  the  enlarge- 
ment of  volume  by  which  it  is  accompanied,  the  work  done  on  the  receiver- 
system  is  greater  than  that  on  the  Woolf  system ;  that  is  to  say,  the  reduction 
of  work  by  fall  of  pressure  is  less  rapid  with  the  receiver  than  on  the  Woolf 
system.  This  is  apparent  in  the  following  comparative  note  of  the  perfor- 
mances, from  which  it  also  appears  that,  whilst  the  receiver-engine  does 
more  work,  it  expands  the  steam  to  a  less  number  of  times  than  the  Woolf 
engine : — 

Woolf  Engine  (no  clearance).  Receivkr-Enginb  (no  clearanceX 

Ratio  of  Expansion.        Net  Work.  Ratio  of  Expansion.  Net  Work. 

ist  case: — 9.0  402.85  ft.-pds 9.0  402.85  ft.-pds. 

2d  case: — 7.5  379-88  6.75 398.10 

3d  case:— 7.0  37ii8  6.0  393-75 

4dicase:— 6.0  351-77  4-5  37^.52 

In  fact,  it  was  found  that  the  reduction  of  work  in  the  4th  case,  when  the 
pressure  fell  to  one-half  intermediately,  was  about  13  per  cent  in  the 
Woolf  engine,  and  only  6  per  cent,  in  the  receiver-engine.  The  apparent 
anomaly  that  the  engine  in  which  the  greater  expansion  of  steam  takes 
place,  performs  a  less  net  work,  is  explained  by  the  fact  that  in  the  former, — 
the  Woolf  engine, — much  of  the  initial  work  of  the  steam  for  the  second 
cylinder  is  lost  in  the  intermediate  space;  whilst,  in  the  latter, — the  receiver- 
engine, — there  is  no  loss  of  this  kind. 

By  the  addition  of  clearance  to  each  cylinder,  equal  to  7  per  cent  of  the 
stroke  at  each  end,  the  actual  ratios  of  expansion  are  sensibly  reduced 
as  compared  with  the  ratios  without  clearance, — in  the  Woolf  engine,  from 
9  to  7.4  when  there  was  no  intermediate  fall  of  pressure,  and  from  6  to  5 
when  there  was  a  fall  of  one-half.  In  the  receiver-engine,  the  reduction  of 
ratio  is  less  than  in  the  Woolf  engine: — it  is  from  9  to  8  when  there  is 
no  fall,  and  from  4.5  to  4  when  there  is  a  fall  of  one-half.  Thus,  the 
effect  of  the  addition  of  clearance  is  clearly  to  reduce  the  net  expansion. 
At  the  same  time,  it  increases  the  net  work  done,  as  appears  from  the 
following  statement : — 

Woolf  Engine— 7  %  clearance.  Receiver-Engine — 7  %  clearance. 

Ratio  of  Expansion.  Net  Work.  Ratio  of  Expansion.  Net  Work. 

I  St  case: — 7.44 431.71  ft -pds 7.96  422.30ft -pds. 

2d  case:— 6.24  405-11  »»   5-97  421.55  » 

3d  case:— 5.84 39499  n   5-3i  41796 

4thcase:— 5.05  372-93  n   3-9^  402.78 


Taking  only  the  4th  case : — in  the  Woolf  engine,  the  net  work  is  raised,  by  the 
addition  of  clearance,  from  352  to  373  foot-pounds;  and,  in  the  receiver- 
engine,  from  378.5  to  403  foot-pounds. 

With  clearance,  as  without  clearance,  it  is  found  that  the  reduction  of 
net  work,  by  intermediate  fall  of  pressure,  is  less  in  the  receiver-engine. 
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where  it  is  only  ^yi  per  cent.,  with  clearance,  than  in  the  Woolf  engine, 
where  it  amounts  to  about  14  per  cent,  when  the  pressure  falls  interme- 
diately one-half. 

As  the  combined  ratios  of  expansion  in  the  receiver-engine  are  less,  for 
each  case,  than  in  the  Woolf  engine;  so  the  terminal  pressures  of  the 
expanded  steam  in  the  second  cylinder,  on  passing  to  the  condenser,  are 
greater  in  the  receiver-engine  than  in  the  Woolf  engine : — 

For  the  ist,  2d,  3d,  4th  case,  with  7  per  cent  clearance, 

the  terminal  pressures  in  the  second  cylinder  are,  for  the  Woolf  engine, 

^•47»  7-57>  7'^9i        6.24  lbs.  per  square  inch, 

and  for  the  receiver-engine, 

792,  792,  792.         7.92. 

In  the  first  case,  the  terminal  pressure  in  the  Woolf  engine  is  greater 
than  in  the  receiver-engine;  for  there  was  no  intermediate  space  assumed 
in  the  former,  whilst  clearance-space  for  the  second  cylinder  was  assumed 
in  the  latter;  but,  in  the  other  cases,  the  terminal  pressures  in  the  former 
fall  consecutively  below  that  of  the  first  case.  They  also  fall  below  those 
of  the  latter,  which  remain  constant  for  all  the  cases.  This  constancy  of 
terminal  pressure  in  the  second  cylinder  of  the  receiver-engine,  simply 
follows  from  the  fact  that  the  terminal  volume  of  the  expanded  steam  is 
always  the  same, — that  of  the  second  cylinder  plus  the  clearance, — what- 
ever be  the  intermediate  fall  of  pressure;  whilst  in  the  Woolf  engine,  on  the 
contrary,  the  terminal  volume  is  equal  to  that  of  the  second  cylinder, 
increased  by  the  volume  of  the  intermediate  space,  and  the  terminal 
pressure  must  be  less  as  the  terminal  volume  is  increased. 

As  the  terminal  pressure  in  the  receiver-engine  is  thus  shown  to  be,  in 
all  practical  cases,  greater  than  in  the  Woolf  engine,  other  conditions  being 
the  same,  it  directly  follows  that  the  work  performed  in  expanding  from  a 
given  initial  pressure  to  the  several  terminal  pressures,  must  be  greater 
in  the  receiver-engine  than  in  the  Woolf  engine. 

It  may  be  gathered  from  these  arithmetical  deductions  that  the  receiver- 
engine  is  an  elastic  system  of  compound  engine,  in  which  considerable 
latitude  is  afforded  for  adapting  the  pressure  in  the  receiver  to  the  demands 
of  the  second  cylinder,  without  considerably  diminishing  the  effective  work 
of  the  engine.  In  the  Woolf  engine,  on  the  contrary,  it  is  dearly  of  much 
importance  that  the  intermediate  volume  of  space  between  the  first  and 
second  cylinders,  which  is  the  cause  of  an  intermediate  fall  of  pressure, 
should  be  reduced  to  the  lowest  practicable  amount 

Supposing  that  there  is  no  loss  of  steam  in  passing  though  the  engine,  by 
cooling  and  condensation,  it  is  obvious  that  whatever  steam  passes  through 
the  first  cylinder,  must  also  find  its  way  through  the  second  cylinder, 
neither  more  nor  less.  By  var)ing,  therefore,  in  the  receiver-engine,  the 
period  of  admission  in  the  second  cylinder,  and  thus  also  the  volume  of 
steam  admitted  for  each  stroke,  the  steam  will  be  measured  into  it  at  a 
higher  pressure  and  of  a  less  bulk,  or  at  a  lower  pressure  and  of  a  greater 
bulk:  the  pressure  and  density  naturally  adjusting  themselves  to  the 
volume  permitted  to  escape  from  the  receiver  into  the  cylinder.  With  a 
sufficiently  restricted  admission,  the  pressure  in  the  receiver  may  be  main- 
tained at  the  pressure  of  the  steam  as  exhausted  from  the  first  cylinder. 
On  the  contrary,  with  a  wider  admission,  the  pressure  in  the  receiver  m^ 
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1  or  "drop"  to  three-fourths,  or  even  one-half  of  the  pressure  of  the 
haust  steam  from  the  first  cylinder. 

There  is  a  means  of  counterbalancing  the  loss  of  performance  by  inter- 
sdiate  fall  of  pressure,  by  so  enlarging  the  second  cylinder  as  to  effect 
e  same  ultimate  ratio  of  expansion  behind  the  pistons,  as  would  be 
fected  in  the  originally  designed  engine  if  there  were  no  intermediate 
1.  For  example,  when  the  capacities  of  the  first  and  second  cylinders 
e  as  I  to  3,  and  the  steam  is  cut  off  in  each  at  one-third  of  the  stroke, 
thout  any  intermediate  fall,  the  steam,  if  there  be  no  clearance,  is  expanded 
to  nine  tim^  its  initial  volume.     But,  when  there  is  an  intermediate  fall 

pressure,  of,  say,  one-fourth  of  the  final  pressure  in  the  first  cylinder, 
volving  an  increase  of  volume  of  steam  in  the  ratio  of  3  to  4,  the  second 
linder  must  be  correspondingly  enlarged  in  the  ratio  of  3  to  4,  in  order 

contain  the  charge  of  steam  for  expansion,  when  cut  off,  as  before,  at 
le- third  of  the  stroke.  By  such  enlargement  of  the  second  cylinder,  in 
e  ratio  of  the  intermediate  enlargement  of  the  steam,  the  same  ultimate 
tio  of  expansion  is  secured,  and  an  equivalent  performance  is  effected, 
ich  a  remedy,  when  specially  applied  for  the  purpose  of  counterbalancing 
effective  expansion  of  steam,  involves  the  employment  of  enlarged 
linders,  and  entails  the  objections  of  increased  weight,  bulk,  and  cost 

machinery.  It  would  be  more  useful  as  a  remedy,  when  applied  to 
e  Woolf  engine,  than  to  the  receiver-engine. 

Formulas  and  Rules  for  Calculating  the  Expansion  and  the 

Work  of  Steam  in  Compound  Engines. 

In  view  of  the  preceding  discussions  of  the  expansive  working  of  steam 
compound  cylinders,  the  following  algebraic  symbols  are  used : — 

a  =  the  area  of  the  first  cylinder  in  square  inches. 

if  =  the  area  of  the  second  cylinder  in  square  inches. 

r=  the  ratio  of  the  area  of  the  second  cylinder  to  that  of  the  first  cylinder. 

L  =  the  length  of  the  stroke  in  feet,  supposed  to  be  the  same  for  both  cylinders. 

/=the  period  of  admission  to  the  first  cylinder,  in  feet,  excluding  clearance. 

^=the  clearance  at  each  end  of  the  cylinders,  in  parts  of  the  stroke,  in  feet. 

y=the  length  of  the  stroke  plus  the  clearance,  in  feet. 

/'  =  the  period  of  admission  plus  the  clearance,  in  feet 

s  =  the  length  of  a  given  part  of  the  stroke  of  the  second  cylinder,  in  feet. 

P  =  the  total  initial  pressure  in  the  first  cylinder,  in  pounds  per  square  inch, 
supposed  to  be  uniform  during  admission. 

*'= the  total  pressure  at  the  end  of  the  given  part  of  the  stroke,  s. 

p  -  the  average  total  pressure  for  the  whole  stroke. 

<.=the  nominal  ratio  of  expansion  in  the  first  cylinder,  or  L-^/. 

l.'=the  actual  ratio  of  expansion  in  the  first  cyhnder,  or  L'^/'. 

.''=the  actual  combined  ratio  of  expansion  behind  the  pistons,  in  the  first  and 
second  cylinders  together. 

"'=the  actual  ratio  of  expansion,  or  number  of  volumes  into  which  the  steam 
occupying  the  first  cylinder  at  the  end  of  the  stroke,  is  expanded  in  the 
second  cylinder  at  the  end  of  any  part  of  the  return  stroke,  s : — the 
special  initial  volume,  or  the  capacity  of  the  first  cylinder,  being  =  i. 

«=the  ratio  of  the  final  pressure  in  the  first  cylinder  to  any  intermediate  fall 
of  pressure  between  the  first  and  second  cylinders. 

N  =  the  ratio  of  the  volume  of  the  intermediate  space  in  the  Woolf  engine, 
reckoned  up  to,  and  including  the  clearance  of,  the  second  piston,  to 
the  capacity  of  the  first  cylinder  plus  its  clearance. 

w  =  the  whole  net  work  in  one  stroke,  in  foot-pounds. 
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Formulas  and  rules  may  be  constructed  on  the  basis  of  the  combined 
ratios  of  expansion  behind  the  two  pistons : — the  combined  ratio  being  the 
product  of  the  actual  ratios  of  expansion  in  the  first  and  the  second  cylinders. 
When,  as  usually  happens  in  practice,  intermediate  expansion  takes  place 
between  the  cylinders,  if  the  ratio  of  this  expansion  be  multiplied  into  the 
combined  ratio  of  expansion  behind  the  pistons ;  or,  if  the  three  individual 
ratios  of  expansion  in  the  first  and  second  cylinders,  and  in  the  intermediate 
space,  be  multiplied  together,  the  product  is  the  ratio  of  total  expansion  of 
the  steam  within  the  engine,  to  the  end  of  the  stroke  of  the  second  cylinder, 
when  it  is  discharged  into  the  condenser.  For  example,  if  the  steam  be 
expanded  to  three  times  its  volume  in  the  first  cylinder,  twice  in  the  second 
cylinder,  and  one-and-a-half  times  in  the  intermediate  space;  the  combined 
ratio  of  expansion  behind  the  pistons  is  the  product  of  the  first  and  second 
of  these;  that  is, — 

In  first  cylinder, i  to  3,      or  3 

In  second  cylinder, i  to  2,      or  2 


Combined  ratio  of  expansion  behind  1       |.    1;  ir 

pistons, J  '   ^    '  ^ 

Intermediate  expansion, i  to  1.5,  or  1.5 

Ratio  of  total  expansion, i  to  9,  or  9 

Or,  the  individual  ratios  may  be  placed  consecutively  thus : — 

In  first  cylinder, i  to  3,  or  3 

Intermediate  expansion, i  to  1.5,  or  1.5 

In  second  cylinder, i  to  2,  or  2 


Ratio  of  total  expansion, i  to  9,      or  9 

Conversely,  when  the  total  expansion  is  given,  the  expansion  behind  the 
pistons  may  be  calculated  by  dividing  the  total  ratio  by  the  ratio  of  inter- 
mediate expansion.     Thus,  if  the  total  ratio  be  9,  and  the  intermediate 

ratio  be  1.5,  the  combined  ratio  behind  the  pistons  is  -?^  =6;  or  i  to  6. 

Generally,  if  the  total  ratio  be  divided  by  any  one  of  the  individual  ratios, 
the  quotient  is  the  product  or  combination  of  the  two  others. 

Further,  if  two  ratios  be  equal  to  each  other,  the  combined  ratio  is  equal 
to  the  square  of  one  of  them;  and,  conversely,  the  square  root  of  a  given 
ratio  is  the  value  of  two  elementary  ratios,  which  when  combined  yield  the 
given  ratio.     Thus,  if  there  be  two  ratios,  each  equal  to  3,  then  3  x  3,  or 

3'  =  9,  the  combined  ratio  formed  by  those  two.  Conversely,  (\/9^  )  3 
is  the  value  of  two  elementary  ratios  which,  if  combined,  form  the  ratio  9. 
Similarly,  the  two  equal  ratios  which,  when  combined,  form  the  ratio  7,  are 

each  equal  to  tj  7  =  2.65;  the  square  of  2.65,  or  2.65  x  2.65,  being  equal 
to  7. 
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To  find  the  oOmoI  nai»  tf  €ff^xiusjn  im  tie  first  ^yiimjur. — This  is  fouDd 
by  the  formula,  page  82S,  when  the  scn^e,  the  pwod  of  admasKMi,  and  the 
clearance  axe  gi^^en.     It  is  equal  to 

^'  =  R'- 115) 

That  is  to  say,  the  acmal  ratio  of  expansion  in  the  turst  o'linder  is  equal  to 

the  quotient  of  the  length  of  stroke  plus  die  clearance  divided  by  the  period 

of  admission  plus  the  clearance.     For  example,  if  the  steam  be  cut  off  at 

one-third  of  the  stroke,  and  the  clearance  be  7  per  cent,  the  length  of  stroke 

being  equal  to  i;  then  the  stroke  plus  the  clearance  is  equal  to  1.07,  and 

I  o* 
the  period  of  admission  is  equal  to  .3333  +  .07  =  .4033 ;  and  -^-*-  =  ^.653* 

the  actual  ratio  of  expansion.  •4<>33 

To  find  the  ratio  of  Iniernudiaie  Expansion, — According  to  the  assumption 
that  the  volume  of  a  given  weight  of  steam  is  inversely  as  its  elasticit\%  or 
its  pressure  per  square  inch,  the  enlargement  of  volume,  or  expansion,  may 
be  deduced  from  the  pressures  before  and  after  expansion.  Thus,  if  the 
pressure  be  reduced  from  20  lbs.  to  15  lbs.  per  square  inch,  the  \x>lume, 
inversely,  is  enlarged  in  the  ratio  of  15  to  20;  and,  if  the  initial  \x>Iume  be 

taken  as  i,  then,  by  proportion,  15  :  20  : :  i  :  1.33;  or  i  x  —  =  1.33.     Thus, 

in  reducing  the  pressure  ^th,  the  volume  is  enlarged  t^d,  and  the  ratio  of 
expansion  is  1.33. 

By  the  notation,  n  is  the  ratio  of  the  final  pressure  in  the  first  cylinder  to 
the  intermediate  fall  of  pressure  between  the  first  and  second  cylinders :  or, 
it  is  the  denominator  of  the  fractional  part  of  the  final  pressure,  expressing 
the  fall  of  pressure.  When  the  fall  is  )^th,  therefore,  «  =  4;  and  the 
remaining  pressure  is  ^ths,  and  is  as  3,  or  «-  i.  The  pressures,  then, 
before  and  after  the  fall,  are  as  «  :  «  -  i ;  and,  inversely,  the  volumes  are  as 
«  -  1  ',n.     Taking  the  capacity  of  the  first  cylinder  with  its  clearance,  as  i, 

mm 

the  expanded  volume  is  found  by  the  proportion  n-\\n\\\\ ;  and 

the  ratio  of  intermediate  expansion  is  equal  to  n-\ 

"    (16) 


n-i 


Substituting  4  for  n  m  this  expression,  the  ratio  of  expansion  in  the  preceding 

example,  is  — 1— =  -1  =  1.33  as  already  found. 
4-1      3 
It  is  necessary,  in  the  receiver-engine,  thus  to  reckon  backwards, — from 

the  observed  pressures  to  the  volumes, — in  order  to  find  the  intermediate 

ratio  of  expansion,  since  the  volume  of  the  receiver  affords  no  evidence 

whatever  of  the  amount  of  expansion  between  the  first  and  second  cylinders. 

The  same  process  may,  of  course,  be  applied  in  the  Woolf  engine,  to  find 

the  intermediate  expansion;  but  the  ratio  of  this  expansion  is,  otherwise, 

exactly  and  directly  determinable  by  the  volume  of  the  intermediate  space. 

The  ratio  of  the  capacity  of  the  first  cylinder  plus  the  clearance,  to  the 

intermediate  space,  is,  by  the  notation,  as  i  to  N ;  and  the  sum  of  these, 
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or  the  enlarged  volume,  is  as  (i  +  N).  The  ratio  of  intermediate  expansion 
is,  therefore,  as  i  to  (i  +  N);  or  it  is 

(i+N) (17) 

To  find  the  value  of  N  in  terms  of  the  intermediate  fall  of  pressure:— 
The  intermediate  ratio  was  found,  in  terms  of  the  ratio  of  pressure  n,  to  be 

:  and  i  4-  N  = :  so  that 

n-i  «- I 

N  =  ^ I (18) 

«- 1 

That  is,  the  volume  of  the  intermediate  space  relative  to  that  of  the  fiist 
cylinder  plus  its  clearance,  is  equal  to  the  quotient  of  the  final  pressure  in 
the  first  cylinder,  divided  by  the  reduced  pressure  after  the  fall,  minus  i. 
For  example,  the  final  and  reduced  pressures  being  20  lbs.  and  15  lbs. 
respectively,  20^15  =  1.33;  and  1.33 -i  =.33,  which  is  the  value  of  N, 
the  intermediate  space,  relative  to  the  capacity  of  the  first  cylinder  plus  its 
clearance,  taken  as  i.  In  this  calculation,  the  actual  values  of  the  pressures 
have  been  used,  instead  of  their  relative  values  as  indicated  in  the  above 
expression  (18);  but  the  result  is  the  same,  for,  putting  for  n  the  ratio  4, 

then,      ^     =  X  =  1.33 ;  and  1.33  -  i  =  .33,  as  before. 

The  capacity  of  the  intermediate  space  in  the  Woolf  engine,  is  found  by 
multiplying  that  of  the  first  cylinder  plus  its  clearance  by  the  ratio  N. 

To  find  t/u  Ratio  of  Expansion  in  the  second  cylinder,  —  In  i/u  IVoaif 
engine.  This  would  be  expressed  by  the  ratio  of  the  capacity  of  the  first 
cylinder  to  that  of  the  second  cylinder,  if  there  were  no  clearances  nor 
other  intermediate  space.  With  clearances  and  intermediate  space,  the 
ratio  of  expansion  in  the  second  cylinder  is  less  than  that,  and  is  equal 
to  the  ratio  of  the  capacity  of  the  first  cylinder  plus  its  clearance  plus 
the  intermediate  space,  to  the  capacity  of  the  second  cylinder  plus  the 
intermediate  space,  this  last  being  taken  to  include  the  clearance  of 
the  second  cylinder.  Taking  the  capacity  of  the  first  cylinder  plus  its 
clearance  as  i,  that  of  the  intermediate  space  is  N.  The  capacity  of  the 
second  cylinder,  with  its  clearance,  is  expressed  by  the  ratio  r;  without 
clearance,  it  is  less  than  r  by  as  much  in  proportion  as  the  capacity  of  the 
cylinder  is  less  than  the  cylinder  plus  the  clearance,  or  as  L  is  less  than 

(L  -f  c),  or  L'.    The  reduced  ratio  is,  then,  r  x  — ;  and  the  ratio  of  expansion 

i-«  • 

in  the  second  cylinder  is  as  (i  +  N)  is  to  (r  x  — )  4-  N;  or 

(r^h  +  a 
Ratio  of  expansion  in  second  cylinder  =  (19) 

That  is,  the  ratio  of  the  first  to  the  second  cylinder  is  multiplied  by  the 
length  of  stroke,  and  divided  by  this  length  plus  the  clearance;  and  the 
ratio  of  the  intermediate  space  is  added  to  the  quotient,  making  a  sum,  say,  A. 
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ratio  of  the  intermediate  space  is  added  i,  making  a  sum,  say,  B.  Sum 
ivided  by  sum  B,  and  the  quotient  is  the  ratio  of  expansion  in  the 
I  cylinder.     For  example,  let  r=3,  N  =  .333,  L  =  6  feet,  and  L'  =  6 

per  cent  of  6,  or  6.42.     Then 

<3  ^  z-r;) + -333 

0.42 

r4^,,, =2.353, 

I +-333 

:io  of  expansion  in  the  second  cylinder. 

the  receiver-engine.  The  actual  ratio  of  expansion,  in  the  second 
er,  is  not  affected  by  clearance,  assuming,  of  course,  that  the  per- 
e  of  clearance  is  the  same  as  in  the  first  cylinder.  When  there  is  no 
ediate  fall  of  pressure,  the  ratio  of  expansion  is  simply  that  of  the 
id  second  cylinders,  or  r.    But,  with  an  intermediate  fall,  this  ratio  is 

d  as  the  ratio  of  intermediate  expansion  is  increased,  namely ; 

is  as  this  ratio  inversely,  or, 

of  expansion  in  second  cylinder  =  r  x  —1-  =  ^ — I1_Z_  (  20  ) 

n  n 

cample,  putting  the  ratio  of  the  cylinders,  r  =  3,  and  the  ratio,  «,  of 
;ermediate  fall  to  the  final  pressure  in  the  first  cylinder,  =  4,  as  before ; 

^^~   -'-^  =  3^-^  =  2.25,  the  actual  ratio  of  expansion  in  the  second 

4  4 

er. 

ind  the  total  aetual  Ratio  of  Expansion  as  well  as  the  combined  aetual 

of  Expansion  behind  the  two  pistons.     The  total  actual  ratio  of  expan- 

;,  as  was  stated  (page  870),  the  product  of  the  ratios  of  the  three 

rudve  expansions: — in  the  first  cylinder,  in  the  intermediate  space, 

.  the  second  cylinder. 

the  Woolf  engine]    The  expressions  of  these  expansions  are  niunbered 

17),  and  (19),  and  their  product  is  as  follows: — 

L'         L  L 

actual  ratio  of  expansion  =  y^  (''y->  +  N),   or  R'(''5-;  +  N).. .  (  21 ) 

is  to  say,  the  ratio,  r,  of  the  first  to  the  second  cylinder  is  to  be 
>lied  by  the  length  of  stroke,  and  divided  by  this  length  plus  the 
nee ;  and  the  ratio-value  of  the  intermediate  space,  N,  is  added  to  the 
;nt  The  sum  is  then  multiplied  by  the  actual  ratio  of  expansion  in 
rst  cylinder,  and  the  product  is  the  total  actual  ratio  of  expansion, 
cample,  let  the  steam  be  cut  off  at  a  third  of  the  stroke  of  the  first 
er,  with  a  clearance  of  7  per  cent ;  let  the  ratio,  r,  of  the  cylinders  be 
I  the  ratio-value,  N,  of  the  intermediate  space,  .333  or  ^d.  Then, 
roke  of  the  first  cylinder  being  =  i,  the  actual  ratio  of  expansion  in 
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it,  R',  as  was  exemplified  at  page  87 1,  is  1.07  -^  .4033  =  2.653.    Th^  modified 

ratio  of  the  cylinders  is  3  x =  2.804;  and  2.804  +  -333  =  3-137-    Finally, 

1.07 

2.653x3.137  =  8.322,   the  total  actual   ratio  of  expansion.     It  maybe 

observed,  that  the  fraction,  — ,  above  employed,  is  equivalent  to  the 

6  ^-^7 

fraction,  7 — ,  employed  for  the  same  purpose,  in  the  example,  page  873. 
0.42 

The  combined  actual  ratio  of  expansion  behind  the  pistons,  in  the  Woolf 

engine,  is  the  product  of  the  first  and  third  of  the  above-cited  expressions, 

namely  (15)  and  (19),  or, 

Lj  L^  -r^  r        Lt  /  V 

7  '*-7TN-  =  ^-rTN- <"> 

That  is  to  say,  the  product,  as  above  found,  for  the  total  expansion,  is  to  be 
divided  by  the  ratio-value  of  the  intermediate  space  plus  i ;  the  quotient  is 
the  combined  actual  ratio  of  expansion  behind  the  pistons.  For  example, 
resuming  the  data  of  the  preceding  example,  the  final  product  expressing 
the  total  actual  ratio  of  expansion,  was  found  to  be  8.322;  and  the  dmsm 

Q   ?  9  2 

to  be  applied  to  it,  is  i  +.333  -  1.333.    Then,  -^ —  =  6.242,  the  combined 

^•333 

actual  ratio  of  expansion  behind  the  pistons. 

jFor  the  Receiver-engine.  The  total  actual  ratio  of  expansion  is  the  product 
of  the  expressions  of  the  three  consecutive  expansions,  numbered  (15),  (16), 
and  (20);  their  product  is  as  follows: — 

L'        //        in~i)r       U        r).  ,       V 

,,  X x^ /-  =  r  — =rR  (23) 

I       n-i  n  r  ^    ^' 

That  is  to  say,  the  ratio,  r,  of  the  first  and  second  cylinders  is  to  be  multi- 
plied by  the  actual  ratio  of  expansion,  R',  in  the  first  cylinder.  The  product 
is  the  total  actual  ratio  of  expansion.  For  example,  making,  as  before, 
r=  3,  and  R'  =  2.653,  the  product  (3  x  2.653  = )  7-959>  is  the  total  actual  ratio 
of  expansion. 

The  product  of  the  first  and  third  of  the  above  three  expressions,  namely 
(15)  and  (20),  gives  the  value  of  the  combined  actual  ratios  of  expansion 
behind  the  pistons;  thus. 


-p^- —  = '•R (24) 

Inn  ^    -T  / 


That  is  to  say,  the  ratio  of  the  first  and  second  cylinders  is  multiplied  by 
the  actual  ratio  of  expansion  in  the  first  cylinder,  and  by  the  ratio  of  the 
intermediate  fall  of  pressure  to  the  final  pressure  in  the  first  cylinder  minus  i; 
and  the  final  product  is  divided  by  this  ratio  simply.  The  quotient  is  the 
combined  actual  ratio  of  expansion  behind  the  pistons.  For  example, 
resuming  the  product  in  the  last  preceding  example,  and  taking  «,  the  ratio 

of  the  intermediate  fall  of  pressure  =  4;  then  3  x  2.653  x  £lLi  =  7.959  x  ? 

4  4 

=  5.969,  the  required  ratio. 
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To  find  the  Work  done  in  the  two  cylinders  of  compound  engines —  The 
Wooif  engine.  It  has  already  been  stated  that  the  formula  (  5  ),  page  828, 
for  the  work  of  steam  expanded  in  one  cylinder,  applies  also  to  the  work  of 
steam  in  the  Woolf  engine,  when  the  combined  actual  ratio  of  expansion 
behind  the  pistons  in  the  two  cylinders,  is  given.  Thus,  the  net  total  work 
for  one  stroke  of  the  tv^o  pistons,  quoting  that  formula,  is, 

7£/  =  tfP[/'(i+hyplogR")-r], (25) 

Rule  i.  To  find  the  net  work  done  by  steam  in  the  two  cylinders  of  a 
Woolf  engine^  for  one  stroke^  with  a  given  combined  actual  ratio  of  expansion. — 
To  the  hyperbolic  logarithm  of  the  combined  actual  ratio  of  expansion 
behind  the  two  pistons,  add  i;  multiply  the  sum  by  the  period  of  admission 
to  the  first  cylinder  plus  the  clearance,  in  feet ;  and  from  the  product  subtract 
the  clearance.  Multiply  the  area  of  the  first  piston,  in  square  inches,  by 
the  initial  pressure  in  pounds  per  square  inch,  and  by  this  remainder.  The 
product  is  the  net  work  in  foot-pounds. 

For  example,  let  the  2d  case,  pages  860,  861,  be  calculated  by  this 
rule: — a  P  =  i  x  63  -  63  lbs.,  /'^  2.42  feet,  r  =  .42  foot,  and  R^=  6.24. 
Then, 


a/ =  63 
=  63 


2.42  (i  +  hyp  log  6.24) -.42] 
(2.42  X  2.8310)  -  .42] 


=  63  (6.85 1  -  .42)  =  405.20  foot-pounds, 

as  was  before  calculated,  allowing  for  small  errors  of  approximation. 

77ie  Receiver-engine, — A  complete  formula  for  the  work  of  the  receiver- 
engine  necessarily  comprises  three  elements: — First,  the  expression  of  the 
gross  work,  including  the  work  of  the  clearances;  second,  the  deduction 
for  the  passive  work  of  the  clearances;  third,  the  addition  for  the  gain  of 
work  by  the  reduction  of  the  back  pressure  on  the  first  piston  when  there 
is  an  intermediate  fall  of  pressure.  Beginning  with  the  first  case,  pages 
863,  864,  in  which  there  is  no  intermediate  fall  of  pressure,  the  total  initial 
work  of  the  steam  admitted  to  the  first  cylinder  is  expressed  by  a  P  /'; 
whence  the  total  work  with  expansion  is 

flPrCi-i-hyplogRO (26) 

This  measures  the  total  area  of  the  diagram.  Fig.  347,  page  862,  including  the 
clearances.     The  work  of  the  clearance  of  the  first  cylinder,  cc'd'o,  is 

aVc. 

The  work  of  the  clearance  of  the  second  cylinder  is  the  rectangle  hh'o'o, 
which  includes  the  section  hoo"  of  the  first  clearance;  and,  deducting  this, 
the  remainder,  which  is  the  rectangle  h'dcf,  is  to  be  added  to  the  first 
clearance.  To  express  this  remainder  algebraically,  the  volumes  of  the 
first  and  second  clearances,  od'  and  00,  are  in  the  ratio  of  the  areas  of  the 
cylinders,  or  as  i  to  r,  and  the  volume  of  the  diflference,  d'o',  is  as  r  (r-  i). 
The  height,  dh\  is  the  final  pressure  in  the  first  cylinder,  and  is  equal  to  the 
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initial  pressure  divided  by  R',  the  actual  ratio  of  expansion  in  the  fiist 
cylinder;  or, 

P 

w 

Therefore  the  work  of  the  excess,  (/'c',  of  the  second  clearance  is, 
and  the  two  works  of  the  clearances  are  together, 

«p^(i+^,?), 

to  be  deducted  from  the  gross  work  by  expansion  (26).    Whence  the  equation 
for  the  net  work,  in  the  first  case: — 

7^/  =  jP/'(i+hyplogR')-flPr(i+^^);  or 

R. 

a'  =  aP[/'(i+hyplogR')-f(i+^)], (27) 

when  there  is  no  intermediate  fall  of  pressiu-e. 

Before  reducing  this  formula  to  a  rule,  it  may  be  remarked  that  it  gives 
values  which  approximate  closely  to  the  true  values,  for  cases  in  which  diere 
are  intermediate  falls  of  pressure — such  cases  as  usually  occur  in  practice;— 
and,  for  ordinary  practical  purposes,  the  results  of  the  application  of  this 
formula  will  be  sufficiently  near  to  exactness.  It  was  found,  in  fact  (page  864), 
that  the  reductions  of  work  by  intermediate  falls,  as  compared  with  the 
work  done  when  there  was  no  fall,  were  as  follo\^^: — When  the  pressure 
falls  to 

^,         ^,         >^  of  the  final  pressure  in  the  first  cylinder, 

the  reduction  of  work  is, 

0.2,        i.o,        4.6  per  cent  of  that  in  the  first  case. 

The  intermediate  fall  of  pressure  is  rarely  so  much  as  two-thirds;  and  even 
with  this  fall  the  reduction  of  work,  it  is  seen,  only  amounts  to  i  per  cent 
The  slightness  of  the  reduction  results  from  the  fact,  as  was  before  explained, 
that  though  the  actual  ratio  of  expansion,  with  intermediate  falls,  is  less 
than  when  there  is  no  intermediate  fall,  yet  the  loss  of  work  by  such  reduc- 
tion of  expansion  is  practically  compensated  by  the  gain  of  net  work  on  the 
first  piston  by  the  fall  of  back  pressure  against  it. 

Adopting,  then,  the  formula  (27)  as  applicable  for  all  cases  of  receiver- 
engines  arising  in  practice,  it  is  required  only  to  give  the  actual  ratio  of 
expansion  in  the  first  cylinder,  and  to  multiply  this  ratio  by  the  ratio  of  the 
capacities  of  the  two  cylinders,  to  arrive  at  the  ratio  of  expansion  to  be 
employed  in  the  formula.  This  is  literally  the  actual  combined  ratio  of 
expansion  for  the  first  case,  >vithout  intermediate  fall  of  pressure,  as  was 
found  (page  865),  represented  by  R'  in  the  formula  (27). 
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Rule  2.  To  find  the  net  work  done  by  steam  in  the  two  cylinders  of  a 
receiver-engine  for  one  stroke ^  7uith  a  given  actual  ratio  of  expansion  in  the  first 
cylinder. — Multiply  the  actual  ratio  of  expansion  in  the  first  cylinder  by  the 
ratio  of  the  two  cylinders,  and  to  the  hyperbolic  logarithm  of  the  compound 
ratio  add  i;  multiply  the  sum  by  the  initial  period  of  admission  to  the  first 
cylinder,  plus  the  clearance,  in  feet  (product  A).  Divide  the  ratio  of  the 
two  cylinders,  minus  i,  by  the  actual  ratio  of  expansion  in  the  first  cylinder; 
add  I  to  the  quotient,  and  multiply  the  sum  by  the  initial  clearance  in  feet 
(product  B).  Subtract  product  B  from  product  A,  giving  the  remainder  C. 
Multiply  the  area  of  the  first  cylinder,  in  square  inches,  by  the  total  initial 
pressure  in  pounds  per  square  inch,  and  by  the  remainder  C.  The  product 
is  the  net  work  in  foot-pounds  for  one  stroke. 

This  rule  is  applicable  to  any  of  the  four  cases,  page  865 :  a  =  1  square 
inch,  P  =  63  lbs.  per  square  inch,  ^  =  .42  foot,  /'=  2.42  feet,  R'  =  2.653, 
R"=  7.959,  r=3,  and  hyp  log  R"  =  2.0743.  Then,  on  the  model  of  the 
given  formula  (27), 

a/  =  63  [2.42  (i  +  2.0743)  -  .42  (i  +  5jli)  ] 

2053 

=  63  (7.440  -  .737)  =  422.29  foot-pounds, 

as  was  before  calculated  for  the  first  case.  Or,  following  the  wording  of 
the  rule: — The  combined  actual  ratio  of  expansion  is  7.959,  of  which  the 
hyperbolic  logarithm  is  2.0743;  adding  i  to  this,  the  sum,  3.0743,  is  multi- 
plied by  2.42,  the  initial  period  of  admission  plus  the  clearance,  and 
3-0743  ^  2.42  =  7.440  (product  A).  Again,  the  ratio  of  the  cylinders  is  3, 
and  3-1  =  2;  the  actual  ratio  of  expansion  in  the  first  cylinder  is  2.653, 
and  2-^2.653  =.754.  Adding  i  to  this  quotient,  the  sum  is  multiplied  by 
the  initial  clearance  .42,  or  1.754  x  .42  =  .737  (product  B).  The  difference 
of  products  A  and  B  is  (7.440  -  .737  = )  6.703,  and  this,  multiplied  by  63  lbs., 
the  initial  pressure  per  square  inch,  and  by  i,  the  area  of  the  piston  in  square 
inches,  gives 

6.703  X  63  X  I  =--422.29  foot-pounds, 

the  work  of  one  stroke. 
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COMPRESSION   OF  STEAM   IN   THE   CYLINDER. 

The  work  expended  in  compressing  such  exhaust  steam  as  is  not  per- 
mitted to  escape  during  the  return-stroke  of  the  piston,  and  is  shut  into  the 
cylinder  against  the  retiring  piston,  is  to  be  reckoned  against  the  quantity 
of  steam  thus  reclaimed.  For  every  phase  of  the  distribution  there  is  a  par- 
ticular period  of  compression,  by  the  adoption  of  which  the  resulting  effi- 
ciency of  the  steam,  for  a  given  distribution,  is  raised  to  a  maximum.  The 
method  of  determining  the  best  period  of  compression  will  be  given  in  the 
au  thor's  work  on  The  Steam  Engine,  The  following  table.  No.  2  98,  contains  the 
best  periods  of  compression  for  several  periods  of  admission,  with  7  percent, 
clearance,  and  for  several  back  exhaust-pressures.  It  is  seen,  by  the  table, 
that,  the  more  expansively  the  steam  is  worked,  the  greater  should  be  the 
period  of  compression — that  is,  the  exhaust  port  should  be  closed  the  earlier 
in  the  course  of  the  return-stroke ;  and  that  the  greater  the  proportion  of 
back-pressure  to  initial-pressure,  the  less  should  be  the  period  of  compression. 


Table  No.  298. — Compression  of  Steam  in  the  Cylinder:— 
Best  Periods  of  Compression;  Clearance  7  per  Cent. 


Cut-off 
in 

Percentages 

of  the 

stroke. 


{>er  cent 
10 

15 

20 

25 
30 

35 
40 

45 
50 

55 
60 

65 
70 

75 


Total  Back  Pressure  in  Percentages  of  the  Total  Initial  Pressure. 


2}i 


5 


10 


15 


20 


25 


30 


per  cent 

65 
58 
52 

47 
42 

39 
36 

33 
30 

27 

24 
22 

19 
17 


Periods  of  Compression  in  Parts  of  the  Stroke. 


35 


per  cent 

per  cent. 

per  cent 

1  per  cent. 

!  percent 

per  cent 

57 

44 

32 

— 

52 

40 

29 

23 

47 

37 

27 

22 

— 

42 

34 

26 

21 

17 

39 

32 

25 

20 

16 

14 

35 

29 

23 

19 

15 

13 

32 

27 

21 

18 

14 

13 

30 

25 

20 

17 

14 

12 

27 

23 

]8 

16 

13 

12 

24 

21 

17 

15 

13 

II 

22 

19 

15 

14 

42 

11 

20 

17 

15 

14 

12 

10 

17 

16 

14 

14 

12 

10 

16 

14 

13 

12 

1 

II 

1 

9 

percent 


12 
II 
II 
10 
10 

9 

9 
8 

8 

8 


Noie  to  Table.— Yox  any  other  clearance  the  values  of  the  tabulated  periods  of  compres- 
sion are  to  be  altered  in  the  ratio  of  7  to  the  given  percentage  of  clearance. 


PRACTICE   OF    EXPANSIVE   WORKING   OF 

STEAM. 


Actual  Performance  of  Steam  in  the  Steam-Engine. 

In  working  steam  expansively,  the  practical  performance  is  aftected  by 
iveral  circumstances.  There  is  the  influence  of  the  wire-drawing  of  the 
earn  during  its  admission  into  the  cylinders ;  of  the  needful  opening  of  the 
tchaust  passages  before  the  end  of  the  stroke,  for  the  escape  of  the  steam 
om  the  cylinder;  of  the  back  exhaust  pressure  on  the  piston,  and  the 
losing  of  the  exhaust  passage  before  the  end  of  the  return-stroke,  with  the 
Dnsequent  shutting  in  and  compression  by  the  piston  of  a  portion  of  the 
ichausting  steam.  These  influences  have  been  analyzed  and  measured 
y  the  author.  He  concluded  that,  when  the  cylinders  were  liberally  pro- 
ortioned,  first,  the  possible  loss  by  early  exhaust  was  of  no  importance,  and 
lat  the  early  release  was,  on  the  contrary,  beneficial,  in  facilitating  a  complete 
tchaust  during  the  return-stroke;  second,  that  the  loss  by  wire-drawing  was 
f  little  or  no  moment,  and  that,  as  wire-drawing  was,  to  some  degree,  equiva- 
int  to  an  earlier  cut-off,  it  might  even  prove  advantageous  in  point  of 
zonomy;  third,  that  the  loss  by  back  exhaust  pressure  in  excess  of  the 
tmospheric  resistance  in  non-condensing  engines,  in  good  practice,  is  of 
ttle  or  no  importance.  These  conclusions  were  based  upon  the  performance 
r  locomotives,  fitted  with  the  link-motion,  and  worked  with  steam  of  loo  lbs. 
Tective  pressure  per  square  inch  in  the  boiler;  but  they  are  applicable  to 
1  classes  of  steam-engine.^ 

The  only  obstacle  to  the  working  of  steam  advantageously  to  a  high 
£gree  of  expansion  in  one  cylinder,  in  general  practice,  is  the  condensation 
>  which  it  is  subjected,  when  it  is  admitted  into  the  cylinder  at  the  begin- 
ng  of  the  stroke,  by  the  less  hot  surfaces  of  the  cylinder  and  the  piston ; 
le  proportion  of  which  is  increased  with  the  ratio  of  expansion,  so  that  the 
ronomy  of  steam  by  expansive  working  ceases  to  increase  when  the  period 
'  admission  is  reduced  down  to  a  certain  fraction  of  the  stroke,  and  that, 
1  the  contrary,  the  efficiency  of  the  steam  is  diminished  as  the  period  of 
Imission  is  reduced  below  that  fraction.  The  initial  condensation  here 
)inted  out,  is  succeeded  by  the  re-evaporation  of  a  portion  of  the  condensed 
earn  during  the  later  portion  of  the  period  of  expansion ;  because,  as  the 
ressure  falls,  the  temperature  of  the  steam,  and  of  the  water  which  it  con- 
ins,  also  falls,  until  it  ultimately  descends  below  the  actual  temperature  of 
le  cylinder,  when  the  heat  of  the  cylinder  is  absorbed  by  the  water,  and 

*  See  Railway  Machineryy  1855,  pp.  69-99 1  ^ilso  a  paper  on  **  The  Expansive  Working 
■  Steam  in  Locomotives,"  in  the  Proceedings  of  the  Institution  0/ Mechanical  Engineers^ 
(52,  pp.  60-82,  and  109-128. 
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evaporation  takes  place.  The  author,  in  1851,  experimentally  demonstrated 
the  existence  of  this  condensation  in  the  cylinders  of  locomotives.  Its 
reality  and  importance  are  now  thoroughly  understood  and  admitted.^  He 
deduced  from  his  experiments  that,  in  jacketless  cylinders,  imperfectly  pro- 
tected, the  quantity  of  steam  condensed  amounted  to  from  11  to  42  per 
cent,  of  the  whole  of  the  steam  admitted  to  the  cylinders,  according  to  the 
period  of  admission,  ranging  from  75  to  12  per  cent,  of  the  stroke.^ 

The  author  also  deduced  that,  on  the  contrary,  when  the  cylinders  of 
locomotives  were  thoroughly  protected  and  heated  in  the  smoke-box,  there 
was  no  evidence  to  prove  that  initial  condensation  took  place  in  the  cylinders, 
to  any  important  extent,  within  the  limits  of  the  expansive-working  that  was 
practised.  By  the  application  of  a  jacket  of  steam  from  the  boiler,  to  the 
cylinder,  a  material  increase  in  the  efficiency  of  the  steam  has,  in  most  cir- 
cumstances, been  effected.  But,  it  is  incontestable  that  the  jacket,  though 
it  diminishes,  does  not  wholly  prevent  initial  condensation  of  the  steam 
admitted. 

By  the  compounding  of  cylinders,  steam  may  be  worked  more  expansively, 
and  with  a  greater  degree  of  efficiency,  than  in  a  single  cylinder;  for, 
obviously,  the  fluctuations  of  temperature  which  give  rise  to  the  condensa- 
tion that  interferes  with  the  action  of  steam  worked  expansively,  are  divided 
and  reduced  to  one-half,  in  each  cylinder,  of  what  they  amount  to  when  the 
whole  of  the  expansive  action  is  confined  to  one  cylinder. 

Data  of  the  Practical  Performance  of  Steam. 

Single- Cylinder  Condensing  Engines: — Steam-jcuketted  and  covered. — ^The 
following  data  are  reduced  from  the  recorded  performances  of  the  engines:^— 

*  The  author  was  the  first,  so  far  as  he  is  aware,  to  discover  and  demonstrate  the  exist- 
ence of  initial  condcnsaiion  in  steam-cylinders,  and  to  prove  that  it  increases  rapidly  ami 
10  a  formidable  extent  as  the  ratio  of  expansion  is  increased.  See  his  paper  on  "Ex- 
pansive Workinj^  of  Steam  in  Locomotives,"  in  the  Proceeditigs  of  the  Institution  cj 
Mechanical  Engittccrs^  1852,  page  109.  See  also  Railtuay  Afachittery,  185$: — "When 
steam  is  admitted  to  the  cylinder  while  the  latter  is  comparatively  cold,  a  very  sensible 
condensation  of  the  steam  takes  place  during  admission,  which  continues  to  a  certain 
extent  during  expansion.  The  heat  thereby  separated  is  absorbed  by  the  material  of  the 
cylmder,  and  raises  its  temperature.  A  portion  of  this  heat  passes  off,  and  is  irrecoverably 
lost ;  the  remainder  is  re-absorbed  by  the  precipitated  steam  during  the  expansion  of  the 
existing  steam,  if  the  expansion  be  long  enough  continued — that  is,  until  the  temperature 
of  the  latter  has  fallen  below  that  of  the  cylinder.  This  is  clearly  proved  by  indicator- 
diagrams  taken  at  very  slow  speeds,  on  which  occasions,  the  cylinder  is  cold  enough  to 
exhibit  these  operations  in  high  relief." — page  84. 

'In  condensing  engines,  the  loss  by  initial  condensation  may  be  much  greater  than 
40  per  cent.,  for  which  examples  will  here  be  given.  Mr.  SutcHffe  has  followed  the  same 
method  of  analysis  in  stationary  engines,  and  in  the  seventh  edition  of  Hopkinson  on  tkt 
Indicator^  published  in  1 875,  he  appears  to  have  precisely  adopted  the  conclusions  and 
even  the  language  of  the  author,  *'  Tlie  initial  condensation,"  he  says,  page  29S, 
"relatively  to  the  initial  measure  of  steam  used,  and  the  pressure  of  steam  found  at  thccnd 
of  the  stroke,  is  greater  as  the  cut-off  is  earlier ;  by  the  diagrams  referred  to,  and  othen> 
from  the  same  engines  [referring  to  the  Corliss  engines  at  Saltaire],  we  find  the  initial  con- 
densation, relatively  to  the  terminal  vario-thermal  line,  to  be  as  follows : — 

**  At  7.4  expansions  =27.0  per  cent. 
9.04        ,,         =36,67  per  cent. 
II. 4  „         =46.67  per  cent." 

'  For  Nos.  I,  2,  3,  4,  Proceedings  of  the  Institution  of  Mechanical  Engineers^  1862,  1867, 
1868.  For  No.  5,  Report  of  the  Atnerican  Commission  on  the  Vienna  Exhibition^  vol.  vbl^ 
page  23. 
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Table  No.  299. — Work  of  Expanded  Steam  : — SingleOylinder 

Condensing  Engines. 


I 

2 


Corliss,  Saltaire, 

Allen  Engine, 

Do 

Do 

Crossness      Pumping  ) 

Engine, ( 

Do. 
Do. 

Crossness  averages, 

East  London  Pumping 

Engines : — 
72-inch  cylinder, 

Do.  

Do.  

Do.  

Do.  

80-inch  cylinder, 

90        do.  

100      do.  

Sulzer  Engine  (Corliss  ( 
gear), \ 


Actual 

Ratio 

of 

EjEpan- 
sion. 


5.20 
6.62 
4.08 

3.31 
6.60 

6.30 

6.50 

4.90 

6.07 


1.93 
2.80 
3.62 

4.38 
5.10 

2.81 

3.66 

3.65 

lao 


Weight  of  Steam  per 

I.  H.  P.  as  per  Indicuor. 

As  cut  off. 

As  expanded 

Ibft. 

lbs. 

14.51 

16.03 

15.43 

20.78 

17.28 

20.97 

17.83 

19.05 

13.12 

17.20 

14.66 

16.73 

14.00 

18.28 

14.28 

15.58 

14.27 

16.95     ; 

16.24 

14.25 

12.92 
12.25 
11.60 

13-95 

11.33 
14.81 


1574 
15.22 

14.91 

13.58 
13.77 
16.93 
14.44 
14.83 


Coal 
Con- 
sumed 


lbs. 
2.5 


2.2 


3.3 


Total 
Initial 

Pressure 
at 

Cut-off. 


lbs. 

34>i 
55 
51 
50 

44 
43 
50 
47 

46" 


15 

19-75 

23.25 
27.25 

30.5 

17.5 

23 
29 

50 


With  regard  to  No.  i,  the  Corliss  engine  at  Saltaire,  it  is  stated  by  Mr. 
Hopkinson  that  6.96  lbs.  of  water  were  evaporated  per  pound  of  coal.  For 
No.  3,  with  good  boilers,  allow,  say,  8^  lbs.  of  steam  per  pound  of  coal. 
For  Nos.  5  and  6,  the  quantities  consumed  were  observed.  Then,  the 
following  are  the  actual  quantities  of  steam  consumed,  compared  with  the 
quantities  indicated: — 


More  than  Sensible 
Steam  cut  off. 


I.  Saltaire, 17.4 

3.  Crossness  (estimated) 18.7 

4.  East  London : — 

72-inch  cylinder  (ratio  3.62), 20.72 

80  „  21.38 

90  „  18.82 

100  „  20.08 

5.  Sulzer, 19.6 


Steam  Consumed 
per  I.H.  P.  per  Hour. 

lbs 20  per  cent. 

31 


»> 


9} 


60 

66 
35 


>» 


>» 


Compound    Condensing  Engines^  with  and  without  steam-jackets. — The 
following  data  are  deduced  from  particulars  supplied  by  the  constructors: — 
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Table  No.  300. — Work  of  Expanded  Steam  : — Compound 
Condensing  Engines. 


AttuJRML.. 

Eipanion. 

tislcrl.i.7'S 
)  idcyLs.sio 

Wriaht  of  Sinn  p« 
l.H.?.«p.rIndica.»r 

S 

TdQl 

e 

CMC 

4«i 

A.cu,.ff. 

pwd^ 

i.rp 

lU. 

4a,  Day,  Summere,  &  Co. ,  Receiver,  j 

'4-74 

17.00 

Both   T^7 

tn.  Juhn  Elder  &  Ca,  Receiver,  1 
Mirinc,  sleam-jttckeHed 1 

li3.cyl.i.85o 
Ucyl.1.85^ 

Both    3.416 

I4-4S 

14.8s 

I3.JI 

I.6I 

i« 

6.  J.  &E.Wood,  Receiver,  Slalion-  1 
uy  no  jackets                             .  1 

lisicyt.4.010 
1  zd  cyl.  1.857 

10.94 

ia77 
H.03 

1.14' 

liX 

Both   7^ 

7.  DonUin,  Woolf,  Stationary,  id  ) 
cylinder  only  steam -jacketled,  ...  \ 

Ii5tcyl.s.a69 
(2dcyl.i.590 

Both  13.650 

10.09 

1^6 

1.9 

5i>i 

8.     Donkin,    Woolf,    Stationary,    ) 
sleam.jackeltcH, ) 

1  islcyl.  1.486 
U4l.3.=2, 

Both    8. 007 

.3-18 
•3-87 

I7~8S 

- 

SfH 

9.  Donkin,  Woolf,  Stationary,  with-  j 
oulsleam  in  jackets, ( 

lmcyl.3.i6s 
|idcyl.3.wi 

Both  to.  200 

15- 59 

.8-73 

19.01 

- 

(>X 

IQ   Thomson.   Woolf,  Stationary,  1 
sleara-Jacketted. ( 

j  2d  cyl.  3.384 
Both  10. 100 

10. 84 
11.71 

iS-»7 

-   36,4 

'  This  quantity  Is  the  result  of  an  eslimatc.  The  actual  quantily  of  coal  consuniat  |<a 
indicator  horse-f>ower  vax  z.67  lbs.,  from  which  one'tifth,  eslimated  as  for  general  hnlinc 
purposes,  was  deducted,  leaving  2, 14  lbs.  per  indicator  horse-power,  as  consumed  by  its 


The  quantities  of  steam  consumed  from  the  boiler  were  observed  in  each 
trial,  except  for  the  first  three,  and  were  as  follows: — 


7.   Donkin,  2d  cylinder,  steam-jacketted,...  20.55  ">S- 
8-        „        steam-jacketted 22.51    » 

9.  „         no  steam  injackct 32.72    „ 

10.  Thomson,  steam -jackcttcd 20.93    .1 


SingU-Cylinda-  Engi/us,  sltam-jaeketted,  non-condensing. — The   trials  of 


INuI.K-CVLINL'IIK    N^'N-i.«.A:  LN-:N..    KNi^ilNi  S. 


portal  )lc  engiri.>  a:   Car-.::::.:::    :>7r.- 
the  following  deductions  are  made: — 


;.f:\-rJ.  \".:!"".^::>  o.\.r.r.'.^lc>.  iVoni  wIvaI'j 


Table  Na  301. — ^\Vork  of  Expanded  Steam: — Portable 

Engines. 


II 

12 

13 

H 

;i 

17 

CoirSTSUCTOSS. 


Marshall^  Sons,  &  Co., ' 

Davey,  Paxman,  &  Co...... 

Brown  &  May, 

Tasker, 

Reading  Engine  Works,... 

Turner, 

Ashby  &  Co., 


Actual 
Ratio  of 

EzpSOSMMI 


W^ht  of  Steam  per 
I.H.  P.,  as  per  Indicator. 


As  cat  off.    As  expanded, 


Total 
Initial  Pres- 
sure at 
Cut-off. 


30.27 

23.93 
22.13 

29.98 


lbs. 

29.82 

26.45 

lbs. 

74  to  80 
73 

28.87 

73 

52 

72.S 
77.2 

63.0 


The  quantities  of  water,  as  steam,  actually  consumed  per  indicator  horse- 
power, are  subjoined;  together  with  the  effective  mean  pressures  in  the 
cylinders.  And,  to  make  a  comparison  with  what  the  performance  would 
amount  to  if  the  atmospheric  pressure  were  removed,  as  if  the  steam  were 
condensed,  one  atmosphere,  or  15  lbs.  per  square  inch,  is  added  to  the  effec- 
tive mean  pressure,  as  given  in  the  second  last  column,  with  the  weight  of 
steam  per  total  indicator  horse-power  accruing,  in  the  last  column : — 


Effective 

Mean 
Pressure. 

Steam 
Consumed 
per  I.H.P. 

More  than 

Sensible 

Steam 

cut  off. 

Effective 

Mean 

Pressure 

plus  15  lbs. 

Steam  Con- 
sumed per 
Totall.H.P. 

lbs. 

lbs. 

per  cent. 

lbs. 

lbs. 

II 

31.25 

25.9 

54 

46.25 

17-4 

12 

33.9 

29.6 

99 

48.9 

20.7 

13 

29.2 

31.8 

55 

44.2 

21.2 

14 

29.7 

37.9 

50 

44.7 

25.2 

IS 

37.0 

24.1 

30 

52.0 

17.2 

16 

36.24 

27.6 

37 

51.2 

>9.3 

17 

20.4 

43-2 

165 

35.4 

24.7 

Sing/£-  Cylinder  Engines^  completely  covered  and  heated;  non-condensing, — 
om  the  results  of  the  trials  of  the  "  Great  Britain  "  locomotive  made  in 


From 


1850,  analyzed  by  the  author  in  1852,  and  published  in  1856,*  a  few 
examples  are  here  annexed,  selected  at  low  speeds  and  at  high  speeds. 
The  ratios  of  expansion  are  reckoned  for  the  whole  of  the  stroke;  they 
were  not  so  reckoned  in  the  original  investigation. 


^  Tki  Trials  of  P&riable  SUam-engines  at  Cardiff,    Report  by  tMe  ytutges.  187a. 
*  Railway  Machinery,  1856;  see  page  8a 
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Table  No.  302. — Work  of  Expanded  Steam  : — "  Great 

Britain*'  Locomotive. 


Notch. 

Actual 

Ratio  of 

Expansion. 

Weight  of  Steam  per  I.H.P. 
as  per  Indicator. 

Total  Initial 
Pressure  at 
Cut-off,  per 

Square  Inch. 

As  cut  ofl*. 

As  expanded. 

1st 
3d 
Sth 

1.45 

» 
1.90 

2.94 

lbs. 
29.94 

32.79 
25.72 

26.32 

21.71 

21.88 
20.14 

lbs. 

30.24 

31.65 
24.86 

23.86 

22.70 

18.44 
18.19 

lbs. 
103 
lOI 
102 

87 
104 

78 
80 

Averag 

es,  I  St  notch 

3d      » 
5th    „ 

31.36 
26.02 

21.24 

30.94 
24.36 
19.78 

1 02 

9S 
87 

The  general  effect  of  the  observations  of  Sir  Daniel  (then  Mr.)  Gooch, 
on  the  comparative  consumptions  of  water  as  per  indicator  diagrams,  and  as 
measured  from  the  tender,  was  that  there  was  no  material  degree  of  initial 
condensation  of  the  steam  in  the  cylinders  of  the  "  Great  Britain."  The 
author  arrived  at  the  same  conclusion  from  experiments  with  the  well-pro- 
tected and  heated  inside  cylinders  of  locomotives  on  the  Edinburgh  and 
Glasgow  Railway.^  Here  follows  a  statement  of  steam  consumed  per 
indicator  horse-power,  taking  the  initial  quantities  cut  off  for  the  quantities 
actually  consumed;  showing  the  relative  quantities  that  would  have  been 
due  if  the  atmospheric  pressure  had  been  removed,  as  in  a  condensing 


engme : — 


1 

1 

Notch. 

Effective 

Mean  Pressure 

per  Square 

Inch. 

Steam 
Consumed 
per  I.H.P. 

Effective 

Mean  Pressure 

plus  15  lbs  per 

Square  Inch. 

Steam 

Consumed  per 

Total  I.H.P. 

1st 

3d 
5th 

lbs. 
72.6 
58.4 
34.5 

lbs. 

31.36 
26.02 
21.24 

lbs. 
87.6 
73-4 

49-5 

lbs. 
26.0 
20.7 
14.8 

American  Marine  Engines} — Mr.  Emery  tested  the  condensing  engines 
of  the  U.S.  steamers  Bache  and  Rush^  having  compound  cylinders  fully 
steam-jacketted  and  lagged,  and  the  Dexter  and  Dallas^  having  single 
cylinders  felted  and  lagged  only.  The  Bache  was  tried  in  four  ways : — ^with 
and  without  steam  in  the  jackets,  using  both  cylinders,  and  using  only  the 
second  cylinder.  The  following  are  the  best  results  of  performance  for 
each  series  of  trials: — 


*  Railway  Machinery y  page  82,  &c.;  and  the  table  in  the  same  book,  page  151. 

•  Journal  of  the  Franklin  Institute^  February  and  March,  1 875.  See  also  notices  of  the 
trials  in  the  Proceedings  of  the  [miitutian  of  CivU  Engineers,  vol.  xl.,  page  292,  and  vol.  xlL, 
page  296. 


AMERICAN   MARINE   ENGINES. 


Table  Na  303. — Work  of  Expanded  Steau:- 
Marine  Engines — Condensing. 


Backe  (Woolf). 
Without  steam  in  jackets:— 

First  cylinder, 

Both  cylinders, 

First  cylinder, 

Both  cylinders, 

First  cylinder,,. 

Both  cylinders, 

With  steam  in  jackets;^ 

First  cylinder, 

Both  cylinders, 

First  cylinder, 

Both  cylinders, 

First  cylinder, 

Both  cylinders 

First  cylinder, 

Both  cylinders, 

First  cylinder, 

Both  cylinders 

First  cylinder, 

Both  cylinders, 

First  cylinder, 

Both  cylinders, ., 

Without  steam  in  jacket : 
Secor.d  cylinder  only,.,   ., 

Do.  do 

Do.  do 

With  steam  in  jacket  :— 
Second  cylinder  only, 

Do.  do 

Do.  do.      .    .  . 

Do.  do 

Rusk  (Receiver). 
Steam-jacketted : — 

First  cylinder, 

Both  cylinders,..      .  ..... 

First  cylinder! 

Both  cylinders 

DexUr  (single  cylinder). 

Felted  and  lagged, 

Do.         do 

Do.         do 

Dallas  (single  cylinder}. 
Felted  and  lagged, 


55-93 

77.06 
46.40, 

46.40 

7745 


14.97 
'S-8S 
15.85 

14.85 
17.27 


47.I4 
71-75 
89.14 


166.5 
168.7 


185.9 
293.4 
196.2 


33.76 
23-04 

J3.2I 


20.71 
20.33 
20.37 
a  1.97 
22.38 


35.08 
26.25 


24.09 
23-15 
34-03 


804 
S3-6 
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French  Stationary  Engines} — M.  Leloutre  reports  the  results  of  experi- 
ments by  M.  Hirn  on  a  24-inch  single-cylinder  engine,  worked  by  super- 
heated steam,  and  lagged  and  felted — ^yielding  121  indicator  horse-power; 
and  his  own  experiments  on  a  Woolf  engine,  with  steam-jacketted  cylin- 
ders:— 

French  Stationary  Engines — Condensing. 


Actual 

Ratio  of 

Ejcpansion. 

Steam 
Consumed 
per  LHP. 
per  Hour. 

Total 
Initial  Pres- 
sure in 
Cylinder. 

25 
26 

t 

Him  (superheated  steam  in  ) 
single  cylinder) } 

Leloutre  ( Woolf  engine,  \ 
steam-  iacketted) ( 

4.132 
12 

Its. 
18.62 

24.83 

lbs. 
60 

General  Deductions  from  the  Data  of  the  Actual 

Performance  of  Steam. 

Single  Cylinders^  with  steam-jackets ;  condensing. — The  analysis  of  diagrams 
from  the  Allen  engine,  No.  2,  page  881,  indicates  that  the  expansion-ratio 
6.62  was  better  than  the  ratios  4.08  and  3.31.  Mr.  C.  T.  Porter  maintains 
that  the  ratio  8  is  best  for  the  Allen  engine.  For  the  Crossness  engines. 
No.  3,  the  ratio  6  appears  to  be  the  best;  though  perhaps  the  Corliss,  No.  i, 
with  the  ratio  5.2,  is  fully  as  good  as  the  Crossness.  The  Sulzer  (Corliss 
gear),  No.  5,  with  the  ratio  10,  is  not  so  efficient  as  these  others.  Of  the 
East  London  engines,  No.  4,  the  72-inch  engine  appears  to  have  greater 
efficiency  when  expanding  5.10  times  than  for  less  ratios,  and  of  the  expan- 
sion-ratios for  the  four  observed  consumptions  of  water  per  indicator  horse- 
power, the  highest  ratio,  3.66,  gives  the  greatest  efficiency.  Again,  the 
Bache  marine  engine.  No.  21,  page  885,  yielded  the  highest  observed 
efficiency  with  a  ratio  5.1 1,  but,  by  plotting,  it  is  easily  shown  that  the 
efficiency  is  practically  the  same  for  a  ratio  of  6. 

Non-Condensing. — The  portable  engines,  page  883,  supply  examples: — 

For  initial  pressures  between  70  lbs.  and  So  lbs.,  omitting  No.  1$  as  unequal. 


No. 

Total  Initial 
Pressure. 

!    Elxpansion- 
ratio. 

Water  per 

Normal  I.  H.  P. 

j>er  Hour. 

Water  per 
Total  I.H.P.. 
if  Atmosphere 
were  removed. 

lbs. 

lb«. 

lbs. 

16 

IS 
II 

12 

77'^ 
72.5 
74  to  80 

73 

2.7 
3.8 

4.8 

5.0 

27.6 
24.1 
25.9 
29.6 

19.3 
17.2 

17.4 

20.7 

For  h 

Twer  initial  pressures. 

14 
17 

52 
63 

2.4 
5.0 

37.9 
43.2 

25.2 
24.7 

*  "  RecherchcsExpcrimentales  Sur  les  Machines  i  Vapeur."  By  M.  G.  Leloutre;  BtUldiu 
de  la  SociHS  Indtistrielle  de  iMiilhousc.     1 867. 
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It  is  seen  that  the  highest  efficiency  is  attained  with  an  expansion-ratio  of 
3.8,  whetlier  against  or  without  atmospheric  resistance. 

Single  Cylinders  without  steam-jackets;  condensing. — The  most  favourable 
results  of  Nos.  20,  23,  24,  and  25,  are  here  abstracted: — 

Vrt  i?*«>a«c:r«« .«»:»  Water  Consumed 

No.  Expansion-rauo.  ^  I  ^  p  ^  ^^ 

20  5.32  26.25  lbs. 

23    446   23.9 

»     3.49   23.9 

24   5.07    26.7 

»>     3.13   26.9 

25  4.13  18.62 — Steam  is  superheated. 

It  appears  that,  using  ordinary  steam,  expansion-ratios  within  the  limits 
of  3  J^  and  4^  are  practically  of  equal  efficiency,  and  that  they  give  the 
highest  efficiency.  The  same  ratios  probably  apply  to  the  use  of  super- 
heated steam,  of  which  there  is  only  one  result.  No.  25. 

Non-Condensing. — The  results  from  the  cylinder  of  the  "Great  Britain" 
locomotive,  page  884,  show  that  the  highest  ratio  of  expansion  that  was 
tried,  namely  2.94,  gave  the  highest  efficiency.  A  greater  ratio  of  expansion 
would  probably  have  given  a  still  greater  efficiency. 

Compound  Cylinders  with  steam-jackets;  condaising, — Receiver-engines. — 
Comparing  the  marine  engines,  Nos.  4a  and  5  a,  it  appears  that  the  ratio  of 
expansion,  3.426,  gave  more  efficiency  than  3.807.  But  in  the  Bache  and 
the  Rush^  Nos.  19  and  22,  it  appears  that  a  ratio  of  from  6  to  7  was 
most  efficient.  With  Nos.  4  a  and  5^1,  the  total  initial  pressure  was  49  J4  lbs. 
and  56  lbs.  absolute  per  square  inch;  but  in  Nos.  19  and  22,  it  was  90  lbs. 
and  82  lbs. 

Wool/  Engines, — The  ratio  13.65  for  No.  7  was  better  than  the  ratio 
8.007  ^or  No.  8,  requiring  20.55  ^^s.  and  22.51  lbs.  of  water  per  indicator 
horse-power  respectively.  No.  10,  with  a  ratio  lo.i,  required  20.93  ^^s.  of 
water;  whilst  No.  26,  with  a  ratio  of  12,  required  24.83  lbs.  The  most 
efficient  ratio  of  expansion  is  most  probably  about  10. 

Proportional  Ratios  of  Expansion  in  thejirst  and  second  cylinders — Receiver- 
engines, — Comparing  Nos.  4^1,  5^?,  and  22,  the  best  action  is  seen  to  be 
obtained  with  equal  ranges  of  expansion;  for  No.  5^1  is  better  than 
No.  4^7,  and  No.  22,  in  which  the  ratios  are  equal,  being  each  2^,  is 
the  best. 

Wool/ Engines, — Nos.  7,  8,  and  10  form  a  curious  series: — 

ig-  Expansion-ratio,  Total  Expansion-  Steam  consumed 

"°*  in  First  Cylinder.  ratio.  per  I.  H.  P. 

8 2.486 8.007 22.51  lbs.  or  71  per  cent  more 

than  per  diagram. 

10 2.985 10.100 20.93  „  or  93        „ 

7 5-269 13-650 20.55  „  or  103      „ 

It  appears  that,  as  the  initial  proportion  of  steam  condensed  in  the 
first  cylinder  increases, — as  shown  by  the  percentages  in  the  last  column, — 
the  efficiency  increases.  The  best  performances  of  the  Bache^  No.  19,  are 
made  with  a  total  expansion  of  from  6  to  9,  having  from  2^  to  3^  expan- 
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sion-ratios  in  the  first  cylinders,  and  2)4  in  the  second.  No.  26,  with  a  total 
expansion-ratio  12,  consumed  24.83  lbs.  of  steam  per  indicator  horse-power 
per  hour;  and  the  Bache^  No.  19,  for  an  expansion-ratio  of  16.85,  consumed 
25.11  lbs., — the  highest  rate  of  consumption  recorded  for  Woolf  engines. 

Compound  Engines  without  steam  in  jackets;  condaising,  —  The  only 
example  of  receiver-engine  is  No.  6,  which  is  not  provided  with  steam- 
jackets.  Nos.  9  and  1 8  are  examples  of  Woolf  engines.  The  results  are 
here  brought  together : — 


No. 


6.  Receiver. 


9.  Woolf. 


18. 


M 


» 


» 


Total  Initial 
Pressure  per 
Square  Inch. 


lb&. 


85>i 


^^yi 


90 


90 


90 


Actual  Ratios 
of  Expanuon. 


4.010 
I.8S7 

7446 

3.16s 
3-221 

10.200 

3.75 
2.44 


2.73 
2.44 

6.66 

2.31 
2.44 

S.63 


Steam  Con- 
sumed per 
I.H.P.  per 
Hour. 


32.72 


23.76 


23.04 


23.21 


Coal  per 

I.H.P.  per 

Hour. 


2.14  lbs. 

(estimated, 
see  note 
to  table, 

page  882}. 


In  the  Woolf  engines,  it  appears  from  the  results,  that  the  highest  effi- 
ciency is  obtained  by  an  expansion-ratio  of  about  3  in  the  first  cylinder,  with 
a  total  ratio  of  7.  In  the  receiver-engine  No.  6,  the  ratio  in  the  first 
cylinder  was  carried  to  4,  with  a  total  ratio  of  7)^,  with  an  apparently 
excellent  result. 


Conclusions  on  the  Actual  Performance  of  Steam. 

For  the  development  of  the  highest  efficiencies  of  steam,  as  used  in  the 
steam-engine,  the  steam-jacket  or  other  means  for  protecting  the  steam 
from  the  cooling  and  condensing  action  of  the  cylinder,  must  be  employed. 
The  superheating  of  steam  prior  to  its  introduction  into  the  cylinder  is 
probably  the  most  efficient  means  that  may  be  employed  for  this  pur- 
pose. The  application,  to  the  cylinder,  of  hot  gases — ^hotter  than  the 
steam — is  probably  the  next  best  means;  and  next  comes  the  steam- 
iacket. 


CON'CLUSIONS    OX    THE    PKRFOU.MAXCK    OK    STKAM.  SSg 

The   importance  of  sustaining  the  temperature  ut"  steam  expanded  in  a 
cylinder, — preventing   its  falling   low  and   leading   to   the   cooling  of  the 
cylinder,— is  strikingly  proved  by  the  foregoing  hypothetical  calculations 
of  the  consumption  of  steam  per  indicator  horse-power  in  non-condensing 
cylinders,  on  the  assumption  that  the  resistance  of  the  atmosphere  is  removed, 
— ^likening  the  conditions  to  those  of  condensing  engines.     In  the  cases  of 
the  portable  engines  and  the  locomotive,  the  consumptions,  on  this  supposi- 
tion, amounted  only  to  17.2  lbs.  per  indicator  horse-power  per  hour,  for 
the  portable  engine  (No.  15),  with  an  expansion-ratio  of  3.8;  and  to  14.8  lbs. 
for  the  locomotive  (No.  18),  with  an  expansion-ratio  of  2.94.    These  results 
are  below  anything  that  has  been  recorded  of  single-cylinder  condensing 
engines  for  the  same  ratios  of  expansion;   and  their  superiority  is  due 
doubtless  to  the  fact   that   the  temperature  of  non-condensing  cylinders 
never  falls  below  212°. 

It  is  deducible  from  the  results,  that  the  compound  steam-engine  is  more 
efficient  than  the  single-cylinder  engine,  and  that,  of  the  two  kinds  of 
compound  engines,  the  receiver-engine  is  more  efficient  than  the  Woolf 
engine.  The  reasons  for  the  superiority  of  the  receiver-engine  have  been 
partly  pointed  out  in  the  comparative  analysis,  page  867.  There  is  another 
reason  in  the  fact  that  whilst  the  temperature  of  the  first  cylinder  of  the 
receiver-engine  never  falls  below,  nor  even  down  to,  that  of  the  receiver, 
which  stands  at  a  constant  pressure  and  temperature;  in  the  Woolf  engine, 
on  the  contrary,  the  average  temperature  in  the  first  cylinder  must  be  that  of 
the  steam  expanding  into  the  second  cylinder,  which  falls  continuously  with 
the  expansion. 

The  most  efficient  ratios  of  expansion,  together  with  the  quantities  of 
steam,  or  water,  from  the  boiler,  consumed  per  indicator  horse-power  per 
hour, — deduced  from  the  foregoing  analyses, — are  placed  for  comparison  in 
the  table  No.  304. 

It  is  scarcely  necessary  to  observe,  that  the  evidence  of  the  initial 
condensation  of  steam  during  the  period  of  its  admission  into  the  cylinder, 
is  of  great  importance,  and  that,  clearly,  there  is  a  wide  margin  for  econom}' 
in  the  employment  of  steam  for  the  production  of  power.  Mr.  Bramwell, 
in  an  excellent  and  interesting  paper  on  marine  engines,  in  1872,^  showed 
that  the  average  consumption  of  coal  per  indicator  horse-power  per  hour, 
by  steam-ships  with  compound  engines  in  long  sea  voyages,  varied  from 
2.8  lbs.  to  1.7  lb.  in  nineteen  steamers,  for  which  the  average  consumption 
amounted  to  2. 1 1  lbs.  The  foregoing  deductions  are  consistent  with,  and 
are  corroborated  by,  these  facts. 

In  the  same  paper,^  Mr.  Bramwell  states  that  in  H.M.S.  Briton,  fitted  with 
compound  engines  on  the  system  of  Mr.  E.  A.  Cowper,  the  steam  was 
heated  within  a  steam-jacket,  on  its  passage  from  the  first  to  the  second 
cylinder,  and  that  the  consumption  of  coal,  at  nearly  maximum  power,  was 
1.98  lbs.  per  indicator  horse-power  per  hour,  and  that,  at  a  third  of  the 
power,  the  consumption  of  coal  was  as  low  as  1.30  lbs.  This  evidence  is 
confirmatory  of  the  conclusion  that  the  work  of  steam  is  most  efficiently 
developed  when  it  is  previously  superheated. 

*  *'  On  the  Progress  effected  in  the  Economy  of  Fuel  in  Steam  Navi^tion,  considered 
in  Relation  to  Compound-Cylinder  Engines  and  High- Pressure  Steam,"  m  the  Proceedm^^ 
of  the  Institution  0/  Mechanical  Engineers^  1872. 

«  Page  153. 
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Table  No.  304. — Practical  Performance  of  Steam-Engines:— The 
MOST  Efficient  Ratios  of  Expansion,  and  the  Quantities  op 
Water  Consumed  from  the  Boiler  per  Indicator  Horse-Power. 


Description  op  Cylinders. 


Single  cylinder,  with  steam-jacket,  condensing, 

Single  cylinder,  with  steam-jacket,  non-condens- ) 

ing ;  total  initial  pressure,  70  lbs.  per  sq.  in.,  j 

Single  cylinder,  without  jacket,  condensing, 

Single  cylinder,  without  jacket,  condensing,  steam  ) 

superheated, \ 

Single  cylinder,  without  jacket,  non-condensing,  j 

cylinders  well  protected  and  heated ;   total  > 

initial  pressure,  90  lbs.  per  square  inch, ) 

Compound  cylinders,  steam-jackets,  condensing : — 

Receiver, 

Woolf, 

Compound  cylinders,  no  jackets,  condensing : — 

Receiver, 

Woolf, 


Steam,  or    ' 
Most  Efficient  !  Water  from  the. 
Ratio  of  Boa«.coo. 

Expax^on.  --^^ 

Hour.       I 


initial  volume 
=1. 

6 

4 
3^  t0  4>^ 

4 


6 
10 


pounds. 
19  to  20 

24 
24 

18  to  19 

21 


18  to  20 
20  to  21 


23 


Frictional  Resistance  of  Steam  Engines. 

See  page  951. 
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DISCHARGE  OF  GASES  THROUGH   ORIFICES. 

Air. 

Gases  and  vapours  act  like  liquids  in  flowing  through  orifices  and  tubes, 
in  virtue  of  the  difference  of  the  inside  and  outside  pressures;  and  the 
velocity  of  flow  is  regulated  with  respect  to  the  fundamental  formula  for 
gravity,  page  279, 

r--S^/i  (i) 

For  liquids,  the  height  through  which  the  water  falls,  to  the  orifice  of  flow, 
can  be  ascertained  by  direct  measurement ;  whilst,  for  gases,  it  is  necessary 
to  find  the  height  for  calculation,  thus : — The  head  due  to  the  difference  of 
pressures  per  square  inch  of  the  gas  or  vapour,  is  equal  to  the  height  of  a 
column  of  the  gas  inside,  i  inch  square,  of  which  the  weight  is  equal  to  the 
difference  of  pressure;  and  if  this  net  pressure  per  square  inch  be  divided 
by  the  weight  of  a  prism  of  the  gas,  i  inch  square  and  i  foot  high,  the 
quotient  is  the  height  in  feet,  of  the  equivalent  column  of  gas,  from  which 
the  velocity  of  flow  is  to  be  calculated. 

JTow  of  Air  through  an  orifice  due  to  small  differences  of  pressure. 

The  velocities  of  flow  due  to  small  differences  of  pressure  measured  by  a 
water-gauge,  are  given  by  the  expression, — 


V     12  493  / 

in  which  V  =  the  velocity  in  feet  per  second,  2^=64.4,  ^  =  the  height  of 
the  column  of  water,  in  inches,  measuring  the  difference  of  pressure,  /=the 
temperature,  and  /  =  the  barometric  pressure  in  inches  of  mercury.  The 
quantity  773.2  is  the  volume  of  air  at  32°,  and  under  a  pressure  of  29.92 
inches,  when  that  of  an  equal  weight  of  water  at  32®  F.  is  taken  as  i.  The 
expression  may  be  reduced  to  the  simpler  form — 

Velocity  of  Flow  of  Air  through  an  orifice. 
For  small  differences  of  pressure. 

V  =  352  \/(l +.00203  (/- 32)  )x4 (3) 

/ 

For  the  temperature  /=  62**  F.,  the  formula  becomes,  by  substitution, 

V  =  363-v/A (4) 
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For  the  temperature  /  =  62°  F.,  and  the  pressure  /=  29.92  inches  of  mer- 
cury— the  most  usual  values — the  formula  becomes, 

V  =  66.35V^   (5) 

These  values  must  be  multiplied  by  the  coefficients  pertaining  to  differ- 
ently formed  orifices,  which  are  given  by  Weisbach,  as  follows : — 

Orifice.  CoErpiasNT  of  Eftlcx. 

Conoidal  mouth-piece,  of  the  form  of  the  contracted  vein,  )  07  to  oo 

with  effective  pressure  of  from  .23  to  1.1  atmospheres,  J  '^'      "^ 

Circular  orifices  in  thin  plates, .56  to  .79 

Short  cylindrical  mouth-pieces, .81  to  .84 

The  same,  rounded  at  the  inner  end, .92  to  .93 

Conical  converging  mouth-pieces, .90  to  .99 

Anemometer. 

When  a  current  of  air  flows  through  a  tube,  which  is  restricted,  or 
reduced  to  a  smaller  diameter  at  some  portion  of  its  length,  the  velocity 
of  the  current  is  accelerated  in  passing  into  the  restricted  portion,  and  is 
retarded  in  passing  out  of  it  into  the  tube  of  normal  diameter;  and,  if  the 
restriction  be  so  formed  as  to  accelerate  and  retard  the  current  without  shock, 
there  is  no  loss  of  head  in  the  operation.  M.  Arson  ^  employs  this  principle 
in  his  anemometer;  but  he  modifies  the  form  of  the  restriction,  in  so  far  thai 
whilst  the  approach  to  the  restriction  is  gradually  contracted,  the  exit  from 
it  is  square,  so  that  the  current  passes  abruptly  from  the  orifice  into  the 
tube  of  full  bore.  The  presstu*e,  or  rather  the  degree  of  "  vacuum  "  at  the 
exit,  is  measured  by  a  water-gauge  attached  at  the  entering  angle  or  comer; 
and  the  difference  of  the  heights  {h^  -  h)  due  respectively  to  the  external  or 
barometrical  pressure,  and  the  internal  pressure,  is  equal  to  the  difierence 

—  -— ^1  due  to  the  normal  and  the  maximum  velocities; 

2g       2gf 

that  is, 

M.  Arson  so  adjusts,  by  preference,  the  sectional  area  of  the  restriction, 
that  —  =  2  — ^;  whence  the  difference  {h^-h\  becomes  equal  to  -i^.    The 

2g  2g  2g 

difference  {/iv-h)  is  measured  directly  by  the  water-gauge;  and  thus,  by 
simple  computation,  the  normal  velocity,  that  is,  the  velocity  of  the  wind 
blowing  through  the  tube  when  fairly  directed  towards  it,  may  be  determined. 

.       7/'  ft  * 

That  the  quantity  —  may  be  equal  to  2  -^ ,  the  sectional  areas  of  the  tube 

2^  2g_ 

and  the  restriction  must  be  as  i  to  i^/  2,  or  i  to  1.414.  From  direct 
observation,  it  appears  that  the  results  obtained  by  the  formula,  say 
formula  (  2  ),  page  891,  are  to  be  reduced  by  the  coefficient  0.94,  to  giw 
the  actual  velocities. 

*  Compu  Rendu  de  la  SocUU  des  Inghiiatrs  Civils,  1876,  page  505. 
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OuTFXow  OF  Steam  through  an  Orifice,' 

The  flow  of  steam  of  a  greater  pressure  into  an  atmosphere  of  a  less 
pressure,  increases  as  the  difterence  of  pressure  is  increased,  until  the  out- 
side pressure  is  reduced  to  58  per  cent,  of  the  absolute  pressure  in  the 
boiler.  The  flow  of  steam  is  neither  increased  nor  diminished  by  reducing 
the  outside  pressure  below  58  per  cent  of  the  inside  pressure,  even  to  the 
extent  of  a  perfect  vacuum.  In  flowing  through  a  nozzle  of  the  best  form, 
the  steam  expands  to  the  outside  pressure,  and  to  the  volume  due  to  this 
j)ressure,  so  long  as  it  is  not  less  than  58  per  cent,  of  the  inside  pressure. 
For  an  outside  pressure  of  58  per  cent.,  and  for  lower  pressures,  the  ratio 
of  expansion  is  i  to  1.624.  The  following  table  is  selected  from  Mr. 
Brownlee's  data  in  the  "  Report  on  Safety  Valves,"  to  exemplify  the  vary- 
ing discharges  from  a  constant  initial  pressure  in  the  boiler,  into  various 
outside  pressures.  The  formulas  by  means  of  which  the  results  of 
the  table  were  calculated  are  given  by  Mr.  Brownlee  at  page  30  of  the 
"  Report" 


Table  No.  305. — Outflow  of  Steam: — From  a  given  Initial 
Pressure  into  Various  Lower  Pressures. 

Initial  Pressure  in  Boiler,  75  lbs.  per  square  inch. 


Absolute 

Weight  dis- 

Pressure in 

Outside 

Rafin  of 

Velocity  of 

Actual  velocity 

charged  per 

Boiler,  per 

Pressure,  per 

Expansion. 

EfHux  at  Con- 

of EfHux. 

Square  Inch 

Square 

Square  Inch. 

stant  Density. 

Expanded. 

of  Orifice  per 

Inch. 

1 

Minute.       i 

lbs. 

lbs. 

ratio. 

feet  per  second. 

feet  per  second. 

pounds. 

7S 

74 

1.012 

227.5 

230 

16.68 

7S 

72 

1.037 

386.7 

401 

28.35 

75 

70 

1.063 

490 

521 

48.38 

75 

65 

1.136 

660 

749 

75 

61.62 

1.198 

736 

876 

53.97 

75 

60 

1.219 

765 

933 

56.12 

75 

50 

1.434 

m 

1252 

64 

75 

r      ^5    ^     i 

1.575 

890 

1 401 

65.24 

75 

J      4346     I 

}  (58  p.  cent)   I 

1.624 

890.6 

1446.5 

65.3 

75 

15 

1.624 

890.6 

1446.5 

65.3 

75 

0 

1.624 

890.6 

1446.5 

65.3 

When,  on  the  contrary,  steam  of  vaiying  initial  pressures  is  discharged 
into  the  atmosphere, — pressures  of  which  the  atmospheric  pressure  is  not 


'  Sec  on  the  subject  of  the  efflux  of  steam,  Mr.  Wm.  Froude*s  paper  on  the  **Dis- 
climrge  of  Elastic  Fluids  under  Pressure,  **  in  the  Proceedings  of  the  Institution  of  Civit 
Engineers^  voL  yi.,  1847,  ]>age  356;  also,  Mr.  R.  D.  Napier^s  account  of  his'experi- 
mcDts,  1866;  Dr.  Rankine,  in  The  Engineer^  November  and  December,  1869;  and  the 
*•  Report  on  Safety- Valves,"  in  the  Transactions  of  the  Institution  of  Engineers  and  Ship- 
Builders  in  Scotland^  vol.  xviii.,  1874-75,  page  13;  from  the  last  of  which  the  particulars 
given  in  the  text  are  derived ;  also  Eli  W.  Blake,  in  The  Engineer^  December,  1869, 
page  418;  Wilson  on  Elastic  Fluids,  in  Engineerings  vol.  xiii.,  page  3$,  &c.«  1872. 
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more  than  58  per  cent., — the  velocity  of  efflux,  at  constant  density,  that  is, 
supposing  the  initial  density  to  be  maintained,  is  given  by  the  formula,— 

2^  =  35953  V'^  (6) 

2/= the  velocity  of  outflow  in  feet  per  minute,  as  for  steam  of  the  initial  density. 
A=the  height  in  feet  of  a  colimin  of  steam  of  the  given  absolute  initial  pressure, 

of  uniform  density,  the  weight  of  which  is  equal  to  the  pressure  on  the 

unit  of  base. 

The  lowest  initial    pressure   to  which  the  formula  appHes,  when  the 
steam  is  discharged  into  the  atmosphere  at  14,7  lbs.  per  square  inch,  is 

(14.7  X  _-  =)  25.37  lbs.  per  square  inch.     A  number  of  examples  of  the 

application  of  the  formula  are  given  in  table  No.  306,  for  initial  absolute 
pressures  of  from  25.37  lbs.  to  100  lbs.  per  square  inch. 

The  truth  of  the  formulas  is  confirmed  with  a  surprising  degree  of  exact- 
ness by  the  experiments  of  Mr.  Brownlee. 


Table  No.  306. — Velocity  of  Efflux  of  Steam  into  the  Atmosphere 


1 
Absolute 

Outside 

Velocity  of 

Actual 

Weight  of 

iniiuu 

Pressure 

per  Souare 

Incn. 

lbs. 

Pressure 

Ratio  of 

Efflux,  as  at 

Velocity  of 

Steam  dis- 

per  Souare 
Inch. 

Expansion. 

Constant 
Density. 

Efflux. 
Expanded. 

chari^edper 
Minute. 

lbs. 

feet  persecond. 

feet  persecond. 

pounds. 

25.37 

14.7 

1.624 

863 

I40I 

22.81 

30 

14.7 

1.624 

867 

1408 

26.84 

40 

14.7 

1.624 

874 

I419 

35.18 

45 

14.7 

1.624 

'           877 

1424 

39.78 

50 

14.7 

1.624 

880 

1429 

44.06 

60 

14.7 

1.624 

'           885 

1437 

52.59 

70 

14.7 

1.624 

889 

1444 

61.07 

7S 

14.7 

1.624 

891 

1447 

6530 

90 

14.7 

1.624 

1           895 

1454 

77.94 

100 

14.7 

1.624 

1           898                 1459 

86.34 

Flow  of  Air  through  Pipes  and  other  Conduits. 

Mr.  Hawksley'  states,  as  the  result  of  varied  experience,  that  the  formula 
put  forward  by  him  for  the  flow  of  water  in  pipes,  given  at  page  933,  may 
be  employed  also  for  the  flow  of  air  in  pipes.     It  is, 


r'  =  48  V^; (7) 


in  which  v  is  the  velocity  in  feet  per  second,  h  is  the  head  in  feet  of  air, 
d  is  the  diameter  in  feet,  and  /  is  the  length  in  feet  But,  it  is  convenient 
to  express  the  head  in  inches  of  water.     Taking  the  density  of  water  as 

*  Proceedings  of  the  Imtituiion  ofCvuil  En^nttrs^  voU  xxxiiL,  page  55. 
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S15  times  that  of  air,  tiie  multiplier  ^-^     ;  oS  is  to  be  placed  under  the 
sign,  when  2^  =  48  ^ — - — ,  and  by  reduction, — 

Flow  of  Air  through  pipes, 

^  =  396  \/^ (8) 

156,800//  ^^' 

V  =  velocity,  in  feet  per  second. 

h  =  the  head,  in  inches  of  water. 

d-Xht  diameter  in  feet 

/  =  the  length  in  feet 

r=the  perimeter  in  feet 

a  -  the  sectional  area  in  square  feet 

Q  =  z/  X  tf  =  the  quantity  of  air  discharged,  in  cubic  feet  per  second. 

H  =  the  horse-power  required. 

For  passages  or  conduits  of  irregular  forms,  as  shafts  and  air-ways  in 
mines  and  tunnels,  the  perimeter  and  the  sectional  area  become  factors  in 
the  formula:* — 

J*Uw  of  Air  through  passages  of  any  form  of  section, 

f=796v^ <^°) 

^  =  7 (") 

633,000  tf 

The  quantity  of  air  discharged  is  expressed  by  the  product  of  the  velocity 
in  formulas  (  8  )  and  (  10  ),  and  the  sectional  area,  or  by  (z^  x  j);  whence, 
by  reduction. 

Quantity  of  Air  discharged 

from  a  pipe, Q=3"  V~7" (") 

from  a  passage  of  any  form  of  section,  Q  =  796  >y/  — — (  13  ) 

The  effective  horse-power  expended  on  the  net  work  done  in  drawing 
air  through  a  pipe  or  other  passage,  is  expressed  by  the  product  of  the 
sectional  area  by  the  velocity  in  feet  per  second,  and  by  the  head  or 
"drag"  in  pounds  per  square  foot,  divided  by  550.     That  is  to  say,  H  = 

^^^  ^ — ^  ^•^^,  in  which  i  inch  of  water  is  taken  as  equivalent  to  a  pres- 
550 

'  These  formulas  have  been  worked  out  from  Mr.  Hawksle/s  fundamental  formula, 
by  the  author,  in  the  Proceedings  of  the  Institution  of  Civil  Engineers^  vol.  xliv.,  page  90, 
in  their  application  to  tunnels';  and  also  in  Simmi  Practical  Tunndling^  3d  edition. 
Mr.  Hawksley  states  that  his  formulas  apply  with  exactness  to  the  shafts  and  air-ways 
of  mines. 
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sure  of  5.20  lbs.  per  square  foot,  for  any  passage.     By  substituting  .7854^ 
for  fl,  the  expression  is  adapted  for  pipes.     Reducing,  the  formulas  are,— 

Effective  horse-power  in  net  work  of  discharge  of  air  from  straight  passages:— 

from  a  passage  of  any  form  of  section,  H  =  — —  =  -^   (  14 ) 

106      106 


from  a  pipe, 


H  = 


vd^'h 
135 


(15) 


Substitute  in  these  formulas,  the  values  of  ^,  (  9  )  and  ( 1 1 ),  and  the 
horse-power  is  given  in  terms  of  the  velocity,  perimeter,  and  length:— 


from  a  passage  of  any  form  of  section,  H  = 
from  a  pipe, H  = 


v'^cl 


67,000,000 
21,200,000 


(16) 

(17) 


F/oiif  of  Compressed  Air  through  pipes, — According  to  the  experiments  of 
d'Aubuisson,  and  those  of  a  Sardinian  commission,  on  the  resistance  of  air 
through  long  conduits  or  pipes,  the  diminution  of  pressure  is  very  nearly 
directly  as  the  length,  and  as  the  square  of  the  velocity,  and  inversely  as 
the  diameter.  The  resistance  is  not  varied  by  the  density.  A  table  of  the 
loss  of  pressure  in  pipes,  for  a  length  of  1000  metres,  and  for  diameters  of 
from  10  to  35  centimetres,  at  velocities  of  from  i  to  6  metres  per  second,  is 
given  by  Mr.  Cornut,^  and  is  here  reproduced  in  English  measures.  The 
absolute  pressure  is  not  stated. 

Table  No.  307. — Loss  of  Pressure  by  Flow  of  Air  in  Pipes. 

Ivcngth  of  pipe,  locx)  metres,  or  3280  feet. 


Velocity  at  the 
Entrance  to  the  Pipe. 


metres  per 
second. 

I 

2 

3 

4 

5 
6 


feet  per 
second. 

3.28 

6.56 

9.84 

13.12 
16.40 

19.68 


Diameter  of  Pipe,  in  Inches. 


8 


10 


12 


14 


Loss  of  Pressure  in  lbs.  per  Square  Inch. 


lbs. 

.114 
.500 
1. 183 
2.060 
3.200 
4.446 


lbs. 

lbs. 

lbs. 

Ihs. 

.076 

.057 

.057 

.038 

•343 

.250 

.210 

.172 

.800 

.592 

.477 

.394 

1.374 

1.030 

.840 

.687 

2.160 

I.6I0 

1.290 

I. TOO 

2.964 

2.223 

1.778 

1.482 

lbs. 

.038 
.153 

•343 
.600 

.923 

1.280 


At  the  works  for  excavating  the  Mont  Cenis  Tunnel,  the  supply  of  com- 
pressed air  was  conveyed  in  a  cast-iron  pipe  7^  inches  in  diameter.  The 
loss  of  pressure,  and  leakage  of  air,  from  the  supply  pipes,  in  a  length  of 
I  mile  1 5  yards,  was  only  3  %  per  cent  of  the  head : — the  absolute  initial 
pressure  was  5.70  atmospheres,  and  it  was  reduced  to  5.50  atmospheres, 

*  See  M.  Cornut's  paper  on  **  Compressed-air  Machinery,"  Bulletin  de  la  Socitti  Indus- 
trielle  Mitterale^  1&66-6T,  v;!^^  2.o\. 
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whilst  there  was  an  expenditure  at  the  rate  of  64  cubic  feet  of  compressed 
air  per  minute.  In  the  middle  of  the  tunnel,  through  a  length  of  pipe  of, 
say,  20,000  feet,  or  3.80  miles,  the  absolute  pressure  only  fell  from  6  atmo- 
spheres to  5.7  atmospheres,  or  to  95  per  cent  of  the  original  pressure. 

Resistance  of  Air  to  the  Motion  of  Flat  Surfaces. 

Mr.  James  C.  Fairweather^  found  by  experiment  that  the  law  of  the 
resistance  of  air  to  flat  vanes  moving  through  it  perpendicularly  to  their 
planes,  was  correctly  expressed  by  Dr.  Hutton : — **  In  the  case  of  slow 
motion,  nearly  as  the  square  of  the  velocity;  but  gradually  increasing  more 
and  more  above  that  proportion  as  the  velocity  increases."  From  the 
results  given  in  table  No.  307A,  it  may  be  inferred  that  the  resistance  per 
square  foot  increases  with  the  total  area  of  surface  exposed.  These  results 
are  considerably  in  excess  of  those  of  Colonel  Beaufoy,  heretofore  accepted. 

Table  No.  307A. — ^Resistance  of  Air  to  the  Motion  of  Flat  Vanes. 

In  lbs.  pressure  on  the  given  surface. 
(Reduced  from  Mr.  Fairweather*s  Experiments.) 


Lineal 
IXmension. 

Area.                i 

5 

S] 
10 

peed,  in  fet 
15 

:t  per  secon 
20 

>d. 
25 

30 

Bide  of  square. 

sq.  inches. 

sq.  feet. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

7.41 
12.9 

18.58 

54.85 
166.3 

345.2 

.38 
1.155 

2.40 

.55 
1.3 
3.25 

1.4 

5.5 
15.0 

13.6 

5.7 

9-4 

14.0 

diameter  of 
circle. 

1 

7.24 
12.65 
18.36 

41.15 
125.8 
264.8 

.286     ' 

.875     ' 
1.840 

.30 

.85 

2.4 

1.15 
3.85 

lao 

2.6 

4.6 
16.4 

7.4 

10.9 

Ascension  of  Air  by  Difference  of  Temperature. 

Mr.  Hawksley^  gives  the  following  formula  for  the  velocity  of  air  in  the 
up-cast  shaft  of  a  mine,  due  to  the  different  weights  of  the  columns  of  air, 
of  different  temperatures,  in  the  up-cast  and  down-cast  shafts,  comprising 
allowance  for  frictional  resistances. 


=96  V" 


(T-/) 


W/+368J 


(18) 


T  =  the  temperature  of  the  air  in  the  up-cast  shaft,  in  Fahrenheit  degrees. 

/  « the  temperature  of  the  air  in  the  down-cast  shaft. 
D=the  depth  of  the  shaft,  in  feet. 
m  =  the  periphery  of  the  air-course,  in  feet. 

j'=the  section  of  the  air-course,  in  square  feet. 

/=thc  length  traversed  by  the  current,  in  feet. 

v=thc  velocity  of  the  current,  in  feet  per  second. 

*  "  Resistance  of  Air,"  Proceedings  of  the  Royal  Society  of  Edinburgh,  1872-75 ;  vol  viii., 

P^35i* 
^Proceedings  of  the  Institution  of  Civil  Engineers^    1847,  vol.   vi.,  page  I.92.     Mr. 

Hawksley  states,  vol.  xxx.,  page  304,  that  the  formula  tallies  exactly  with  the  results  of 

Mr.  Nicholas  Wood's  experiments  on  the  ventilation  of  collieries. 


WORK   OF    DRY  AIR  OR  OTHER  GAS. 

COMPRESSED   OR  EXPANDED. 


In  this  investigation  of  the  work  of  air  by  compression  and  by  expansion, 
the  following  symbols  are  employed : — 

/  =  the  temperature  of  the  gas  in  Fahrenheit  degrees. 
»   T  =  the  absolute  temperature  of  the  gas  =  /  +  46i'. 

k  =  the  specific  heat  of  the  gas,  under  constant  pressure. 
//'  =  the  specific  heat  of  the  gas  under  constant  volume. 
K  =  the  specific  heat  of  i  pound  of  the  gas,  under  constant  pressure,  in  foot- 
pounds. 
K'  =  the  specific  heat  of  i  pound  of  the  gas,  under  constant  volume,  in  foot- 
pounds. I       T^ 

7  =  the  ratio  of  the  specific  heats  of  a  gas  =  _  =  --^ 

J  =  the  mechanical  equivalent  of  a  unit  of  heat  =  772  foot-pounds. 
P  =  the  total  pressure  of  the  gas,  in  pounds  per  square  foot. 
fi  =  the  total  pressure  of  the  gas,  in  pounds  per  square  inch. 

V  =  the  volume  of  the  gas,  in  cubic  feet. 

V  =  the  volume  of  clearance  at  each  end  of  the  cylinder. 
W  =  work  done  in  foot-pounds. 

It  was  stated,  page  349,  that  the  product  of  the  volume  and  the  pressure 
of  I  pound  of  a  gas,  is  equal  to  the  product  of  the  absolute  temperature 
and  a  constant  coefficient;  or, 

VP  =  .iT,   (i) 

V/  =  a'T,   (2) 

in  which  a  and  a'  are  the  constants  to  be  used  respectively  for  the  pressures 
P  and  /.  The  values  of  a  have  already  been  given  for  several  gases,  in 
table  No.  114,  page  349,  at  pressures,  /,  per  square  inch.  For  the  values, 
<7,  due  to  pressures,  P,  per  square  foot,  those  values  of  a'  are  to  be  multi- 
plied by  144;  or  the  values,  a,  may  be  deduced,  independently,  from  the 
respective  densities  of  the  gases.  The  two  series  of  values  of  the  constants 
a  and  a\  are  here  annexed  for  several  gases : — 

Constant  a.  Constant  /i', 

One  Pound  of  Gas.  Formula  ( i ).  Formula  (  2 ). 

Hydrogen, 767.4  5-33200 

Gaseous  steam, 85.4  59372 

Nitrogen, 54-72  38027 

defiant  gas, 53.98  375^6 

Air, 53.15  36935 

Oxygen, 48.07  334o6 

Carbonic  acid  (ideal), 35'00  24322 

Do.          (actual), 34.76  24155 

Sulphuric  ether  vapour  (ideal), 20.49  14246 

Vapour  of  mercury  (ideal) , 7.62  05296 


WORK  OF  DRY  AIR  AT  CONSTANT  TEMPERATURE.  899 

It  follows  from  the  general  equations,  as  was  stated  at  page  345,  that  the 
pressure  of  a  gas  varies  inversely  as  the  volume,  when  the  temperature  is 
constant;  and  that  the  product  of  the  pressure  and  the  volume  is  propor- 
tional to  the  absolute  temperature.  When  the  temperature  is  uniform, 
therefore,  the  product  of  the  pressure  and  volume  of  a  given  weight  of  a 
gas  is  also  uniform;  and,  if  the  gas  be  either  compressed  or  expanded,  it  follows 
the  hyperbolic  ratio.  The  resulting  hyperbolic  curve  of  expansion  or  of 
compression  is  called  an  isothermal  curve^  or  curve  for  constant  temperature. 

When  a  mass  of  a  gas  is  either  compressed  by  or  expanded  on  a  piston 
within  a  cylinder,  of  non-conducting  materials,  so  that  heat  is  neither 
received  nor  given  out  by  the  gas,  the  curve  of  compression  or  of  expansion 
is  called  an  adiabatic-curve.  The  work  of  compression,  as  internal  work,  is 
converted  into  heat,  which  pervades  the  gas  and  raises  its  temperature; 
and,  reversely,  a  portion  of  the  heat  of  the  gas  is  converted  into  the  work 
of  expansion,  as  internal  work,  and  the  temperature  is  lowered. 

The  general  equation  for  air,  with  the  values  of  the  constants  a  and  a\ 
are  \ 

VP  =  53.i5T (3) 

V/  =  .36935T (4) 


WORK   OF   DRY  AIR  AT   CONSTANT  TEMPERATURE, 

OR   ISOTHERMALLY. 

When  the  temperature  is  constant,  say,  at  62°  F.,  the  absolute  tempera- 
ture is  461°  +  62°  =  523°,  and  the  value  of  the  constant  products  in  formulas 
(3)  and  (4),  are,— 

VP  =  53.i5T=27,8oo (5) 

V /  =  . 36935  T=  193.2 (6) 

Since  V  P  =  V  F,  in  which  V  and  P'  are  any  other  corresponding  volume 
and  pressure,  at  the  same  temperature,  the  relation  stands  as  follows : — 

Isothermal  Compression  or  Expansion  of  Air, 

^=^  .  .  (7) 

The  hyperbolic  ratio  of  expansion,  or  of  compression,  followed  by  air  at  a 
constant  temperature,  has  ah-eady,  page  822,  been  taken  as,  practically,  the 
ratio  according  to  which  steam  is  expanded  in  the  cylinder;  and  the  nature 
of  the  relation,  and  the  deductions  from  it,  which  have  there  been  con- 
sidered, apply  also  to  the  case  of  air. 

Work  of  Compression  of  Air  at  Constant  Temperature, 

WITHOUT  Clearance. 

If  there  be  no  clearance,  and  if  there  were  no  back-pressure,  the  work  of 
simple  compression  in  one  stroke,  calculated  in  terms  of  the  initial  work 
FV,  or  the  equivalent  PV:— 

W  =  PVhyplogX.,  (8) 
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represented  by  the  area  E  F  B  D,  Fig.  348.     But  there  is  an  assisting  pres- 

I c.  sure  F, — the  initial  atmospheric  pressure, — ^the  work 

of  which  is   (P'xV),  represented  by  the  rectangle 
D  F,  which  is  equal  to  (P-  P')  V,  the  rectangle  CG; 
-  and  the  net  work  for  simple  compression,  is 


W  =  P  V  hyp  log^, - (F - P)  v.   (9) 


D      A 


''XviJ'cTSj^^'i'm^?.'      Total  Work  for  One  Stroke  of  an  Air^amfrasar.^ 
ature,  or  isothennaiiy.    There  is  to  be  added  the  work  of  expelling  the  air 
from  the  cylinder  into  a  reservoir,  equal  to, 

(F-P)V',  (10) 

and  the  sum  of  (  9  )  and  ( 10 ),  reduced,  is : — 

Total  Net  Work  for  One  Stroke  of  the  Air-comfressor^  isothermaUy, 

without  Clearance. 

W  =  PVhyplogX,;  („) 

or,  W  =  PVhyplog?' (12) 


Work  of  Compression  of  Air  at  Constant  Temperature, 

WITH  Clearance. 

The  work  of  compression  in  one  stroke,  leaving  back- pressure  out  of 
calculation,  is, 

W  =  P(V  +  r)hyplog;X±| (x3) 

V  -rv 

Deduct  the  work  of  atmospheric  back-pressure,  or  (F  -  P)  (V  +  f ) ;  and 
add  the  work  expended  in  expelling  the  air  from  the  cylinder  into  a 
reservoir,  equal  to, 

(P'-P)V' (14) 

The  resulting  total  net  work  is. 

Total  Net  Work  for  One  Stroke  of  the  Air-compressor,  isothermally, 

with  Clearance, 


W  =  P  (V  +  t-)  hyp  log  ^-(P'-P)  ». 


(15) 


Work  of  Expansion  of  Air,  at  a  Constant  Temperature. 

When  the  pressure  of  tlie  air  at  the  end  of  the  stroke  is  reduced  by 
expansion  to  an  equality  with  the  back-pressure,  the  equations  (8)  to  (15), 
for  compression,  express  also  the  relations  of  pressure,  volume,  and  work, 
for  expansion — repitsented  also  by  Fi^.  ^48. 
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Total  Net  Work  far  One  Stroke  of  a  Compressed-air  Engine,  when  the 
air  is  expanded  down  to  the  back-pressure: — 

Without  clearance...  W  =  PVhyplog^ (16) 

With  clearance W  =  P(V  +  z;)hyp  log^^il^-(P-P')z/...  (17) 

When  the  back-pressure  P^  is  less  than  P',  the  lower  limit  of  the  positive 
pressure,  there  is  a  sudden  fall  of  pressure  at  the  end  of  the  stroke,  fix)m 
F  to  P^,  and  the  expression  for  the  total  net  work  is: — 

W  =  P(V  +  r)hyplog^-^-F'V'  +  PV (18) 


WORK   OF  DRY   AIR  IN   A   NON-CONDUCTING    CYUNDER, 

ADIABATICALLY. 

The  specific  heat  of  i  lb.  of  air  in  foot-pounds  of  work,  is 

Unit.  Foot-potinds. 

At  constant  pressiu"e, 2377x772  =  1 83.45  =  K. 

At  constant  volume, 1688x772=130.3  =K'. 


Difference, 53.15  =4  =  K-K'. 

The  difference,  53.15  foot-pounds,  is  equal  to  the  value  of  the  constant  a, 
formula  (  i  ),  for  air,  as  given  in  formula  ( 3 ),  page  899. 

The  ratio  of  the  specific  heats  at  constant  pressure  and  constant  volume 
is  as  1.408  to  I,  or  1.408,  whether  they  are  expressed  in  heat-units  or  in 
foot-pounds. 

Adiabatic  Compression  of  a  Gas. 

Suppose  that  the  gas,  having  the  initial  pressure  P,  volume  V,  and 
temperature  T,  is  compressed  adiabatically,  and  attains  the  pressure  P*, 
volume  V,  and  temperature  T;  the  relations  of  the  pressure,  volume,  and 
temperature  are  as  follows : — 

Adiabatic  Compression. 
p-  =  (^)   ^  f^^  ^^'  f  =  M       (  '9  ) 

■^-{l,)'-':      f«»,r.(V)- („, 

^.(^)'-r;     ^^.r~-{^r (..) 

Showing  that,  for  air,  the  pressure  according  to  the  adiabatic  curve,  varies 
inversely  as  the  1.408  power  of  the  volume: — that,  in  fact,  the  product 
P  V^  is  a  constant  quantity ;  and  that  the  absolute  temperature  varies  as 
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the  .29  power  of  the  pressure,  and  inversely  as  the  .408  power  of  the 
volume.     For  instance, 

when  the  pressure  is  doubled,  or  as i  to  2 

the  volumes  are  inversely  as  i  to  1.636,  or  directly  as,  i  to    .611 
the  absolute  temperatures  are  as i  to  1.222 

Table  No.  308  contains  the  relative  values  of  the  ratios  of  the  initial 

T'  V  .  P' 

and  final  temperatures  — ,  and  volumes  ==>  for  given  ratios  — ,  of  initial 

and  final  pressures,  1.2  to  10  times,  calculated  by  means  of  formulas 
(21)  and  (19),  with  columns  of  differences  to  faciHtate  the  calculation  of 
interpolations  when  required.^ 

Table  No.  308. — Compression  or  Expansion  of  Air  without 

Receiving  or  Giving  Out  Heat. 

Corresponding  ratios  of  pressure,  temperature,  and  volume,  according 

to  equations  ( 19 )  and  ( 21 ). 


Rauoof 
Greater  to 

.    Ratio  of  Greater  to 

Less  Absolute 
j        Temperatures. 

1 

Inverse  of  these 
Ratios. 

Ratio  of  Greater 

Inverse  of  these 
Ratios. 

l^ss 
Pressures. 

Ratio  of  Less  to 

Greater  Absolute 

Temperatures. 

to  Less  Volume. 

Ratio  of] 
Greater  V 

Less  to 
olumes. 

1    differ. 

numbers. 

differ. 

t 

numbers.        ditTer. 

'    numbers. 

differ. 

numbers. 

1.2 

1.054 

48 

.948 

41 

1. 138 

132 

1        .879            91 

1.4 

1.102 

44 

.907 

34 

1.270      1     126 

.788       ,     72 

1.6 

1. 146 

40 

-873 

30 

1.396      ,     122 

.716             57 

1.8 

;   1. 186 

36 

.843 

25 

1. 518 

118 

.659            48 

2 

1.222 

35 

.818 

22 

1.636 

114 

.611             40 

2.2 

1.257 

32 

.796 

20 

1.750 

112 

•571          34 

2.4 

1   1.289 

30 

.776 

18 

1.862 

109 

.537 

30 

2.6 

1-319 

29 

-758 

16 

I -97 1 

106 

.507 

26 

2.8 

1.348 

27 

.742 

15 

2.077 

105 

481 

23 

3 

1-375 

26 

-727 

13  : 

2.182 

102 

.458 

20 

3-2 

1.401 

25 

.714 

'3    i 

2.284 

100 

.438 

19 

3.4 

1426 

24 

.701 

II 

2.384 

99 

419 

16 

3.6 

1.450 

23 

.690 

II 

2.483 

97 

.403 

15 

3.8 

1     1-473 

22 

.679 

10 

2.580 

96 

.388 

14 

4 

1     1-495 

21 

.669 

9 

2.676 

94 

•374 

13 

4.2 

1. 516 

21 

.660 

9 

2.770 

93 

.361 

12 

4.4 

1     1-537 

20 

.651 

9 

2.863          93 

.349 

II 

4.6 

1     1-557 

19 

.642 

7 

2.955 

91 

.338 

10 

4.8 

1.576 

19 

.635 

8 

3.046 

89 

.328 

9 

S 

!     '-595 

86 

.627 

32 

3-135 

434 

.319 

39 

6 

1     1.681 

n 

.595 

26 

3.569 

412 

.280 

29 

7 

;  '-758 

70 

.569 

22 

3.981 

396 

.251 

23 

8 

I     1.828 

63 

.547 

18 

4.377 

382 

.228 

18 

9 

1. 89 1 

59 

.529 

16 

4.759 

370 

.210 

15 

10 

1.950 

•513 

5.129 

.195 

I 

2 

■ 

3 

4 

5 

»  This  tal 

)le  is  abstracted  fror 

n  a  masterly  paper, 

"  fetude  Th^rique 

sur  les  Machines  i 

Air  Compri 

me ;"  by  M 

.  Mallai 

d  {Bulletin 

dela  Soi 

cUUdeVIm 

iustne  A 

^fUrale,  iS 

166-67). 
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Let  mn  be  the  length  of  a  qrlinder  filled  with  i  lb.  of  gas,  having  the 
initial  pressure  P,  volume  V,  and  temperature  T.  Let  the  gas  be  com- 
pressed adiabatically  by  a  piston  into  the 
volume  V,  to  the  pressure  F,  and  the  tem- 
perature T'.  The  work  of  compression  is 
measured  by  the  area  dgnd\  and  as  sho\Mi 
by  Mr.  J.  H.  Cotterill/  it  is  expressed  by 


...  T , 


for  air,  130.3  (T-T)  / ^"^ 


Add  the  work  of  driving  the  compressed  air 
out  of  the  cylinder  into  the  reservoir,  mea- 
sured by  the  rectangle  dm,  equal  to  V'P'; 
and  subtract  the  work  contributed  by  the  air 
fix>m  the  initial  source, — the  atmosphere,  for 
instance, — ^which  presses  on  the  other  face  of  the  piston,  measured  by  the 
rectangle  gm,  equal  to  V  P.     The  net  work  expended  is, — 


Fig.  349. — Compression  of  Air 
adiabaucally. 


W  =  K'  (T'-T)  +  V'P'-VP.      )  ,       V 

irW=i3o.3(r-T)  +  V'P'-VP.  / ^  ^^  ^ 


For  air 
By  formula  ( i ),  V'F  =  (K-K')  T,  and  V  P  =  (K-K')  T,  (a  being  =  K 

V'P'-VP  =  (K-K')(r-T);}  .V 

for  air,  V'F-VP  =  53.15  (T-T)       / ^^^^' 

Substituting  the  value  of  V'F-VP,  in  equation  (23),  and  reducing,  it 
becomes, — 

Work  expended  in  Compressing  i  pound  of  Dry  Gas,  in  terms  of  the 

temperatures, 

W  =  K(r-.T);     for  air,  W=  183.45  (T'-T) (24) 

That  is,  the  net  work  expended  in  compressing  i  pound  of  gas,  is  equal  to 
the  increase  of  temperature,  or  the  difference  of  the  initial  and  final  temper- 
atures, in  Fahrenheit  degrees,  multiplied  by  the  specific  heat  in  foot-pounds 
at  constant  pressure.  rp/ 

When  the  initial  temperature  only  is  given,  T'-T  =  T(— -i),  and  by 

substitution  in  formula  (  24 ),  the  final  temperature  may  be  found  when  the 
pressures  are  given ; — 

Work  of  Compressing  i  pound  of  Dry  Gas  {formula  to  aid  in  finding  the 

final  temperature), 

W  =  KT(^-i);    for  air,  W=  183.45  T(-^-i) (25) 

P  T* 

Corresponding  to  the  ratio  of  the  pressures  -^,  the  value  of  —  is  found 

for  air,  in  the  table  No.  308;  thence  the  work,  and  also  the  final  temperature. 


'  Notes  on  the  Theory  of  the  SUam-Engine,     187 1. 
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To  express  the  work  in  terms  of  the  pressures,  P  V  =  (K  -  K*)  T,  by  for- 

P  V 
mula  ( I ),  and  T  =  -=^^ — =^, .   Substitute  this  value  of  T  in  formula  (24);  and 

(P'\.99  TT** 

j     for  -— ;  then,  by  reduction, — 

Work  of  Compressing  i  pound  of  Dry  GaSy  in  terms  of  pressures  and 

initial  volume. 


W 


'^-'H^T-i"-')- 


forair,W  =  3.45PV((^)    -i) 

The  value  of  \',  the  volume  of  a  pound  of  air,  may  be  found  for  various 

pressures  and  temperatures  by  the  formulas  (  i ),  (  2  ),  page  898. 

PV  P'V    . 

Again,  substitute  the  value  of  T  =  — — =,1  ^^^^  T'  =  — — —^  in  equation 

(  24 ) ;  and  reduce : —  ""  "" 

Work  of  Compressing  Dry  Gas^  in  terms  of  pressures  and  volumes, 

W  =  j^^,(P'V'-PV);    forair,W  =  3.45(FV'-PV) (27) 

To  exemplify  the  rise  of  temperature  by  adiabatic  compression,  take 
atmospheric  air  at  62°  F.,  or  (461  +  62  =  )  523®  F.  absolute  temperature. 

P' 

In  doubling  the  pressure,  the  ratio  -—  =  2,  and  by  the  table  No.  308,  the 

corresponding  ratio  of  the  absolute  temperatures  is  1.222;  whence,  523"*  x 
1.222  =  639°,  the  increased  absolute  temperature,  and  639-461  =  178**  F., 
the  final  temperature. 

For  ratios  of  pressure,     2,  3,  4,  5,  10, 

the  ratios  of  the  initial  and  final  absolute  temperatures  are, — 

1.222,     1.375,     1.495,     i-595»     1-950, 

and  when  the  initial  temperature  is  62®  F.,  the  final  temperatures  are, — 

178°       258^        32 1«       373°       5590. 

It  may  be  noted  that,  in  this  example,  for  the  ratios  of  pressure,  2,  3,  4,  5, 
and  10,  the  final  temperatures  are,  very  roughly,  3,  4,  5,  6,  and  9  times  the 
initial  temperature  62°. 

Adiabatic  Expansion  of  Gases. 

Adiabatic  expansion  is  a  duplicate,  in  reverse,  of  the  adiabatic  compres- 
sion of  a  gas  against  a  piston,  and  the  primary  formula  (  i  ).  page  898, — 

PV=(K-K')T,  ] <  ^^f 

with  its  derivatives  (19)  to  (27),  are  applicable,  by  reversing  the  order  of  the 
symbols  of  initial  and  final  pressures,  volumes,  and  temperatures,  defined  at 
page  898. 
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The  compressed-air  engine  diflers  from  the  compressing  engine,  in  being 
controlled  by  a  valve  by  which  the  supply  of  air  to  the  cylinder  is  cut  off  at 
any  point  of  the  stroke,  and  any  degree  of  expansion  is  eftected.  The  air 
may  thus  be  worked  in  three  ways: — ist,  when  it  is  completely  expanded 
down  to  atmospheric  pressure  before  it  is  exhausted;  2d,  when  it  is  admitted 
for  the  whole  of  the  stroke,  and  exhausted  at  full  pressure;  3d,  when  it  is 
only  partially  expanded,  and  exhausted  at  a  pressure  above  atmospheric 
pressure. 

Referring  for  explanations  to  the  discussion  of  adiabatic  compression,  it 
is  sufficient  now  to  repeat  the  formulas  for  compression,  as  adapted  for 
adiabatic  expansive-working. 

When  a  gas  is  completely  expanded  behind  a  piston  from  the  pressure  P, 
volume  V,  and  temperature  T,  to  P',  V,  and  T',  the  relations  are  as 
follows : — 

Adiabatic  Expansion  of  a  Gas, 

^.(P-;      r„ai,,T.(V:)- ,3,) 

T.(P)-.      fo,  ^,4  =  (2.y ,3., 

The  table.  No.  308,  contains  corresponding  values  of  ratios  of  pressures, 
volumes,  and  temperatures,  to  save  calculation. 

1ST.  When  the  Gas  is  Completely  Expanded  down  to  an  Equality 

WITH   THE   BaCK-Pr FISSURE. 

In  the  diagram,  Fig.  349,  let  mnhc  the  length  of  the  stroke  of  a  cylinder, 
into  which  i  pound  of  a  gas  of  the  pressure  P  is  admitted,  occupying  the 
portion  of  the  stroke  cd,  or  the  volume  V;  and  let  the  gas  be  expanded  to 
the  end  of  the  stroke,  and  the  volume  V,  and  the  pressure  P',  equal  to  the 
pressure  of  the  surrounding  medium,  constituting  back-pressure.  The  initial 
work,  during  admission,  is  measured  by  the  rectangle  dm,  equal  to  V  P,  and 
the  back-pressure  by  the  rectangle  gm,  equal  to  V  P'.  The  work  of  ex- 
pansion between  the  initial  and  final  temperatures  T  and  T,  is  measured  by 
the  area  dgnd\  and  is  expressed  by, 

J>5'(T~r)  =  K'(T-T');     for  air,  130.3  (T-T) (32) 

That  is,  the  work  by  simple  expansion  is  equal  to  the  fall  of  temperature, 
or  the  difference  of  the  initial  and  final  temperatures  in  Fahrenheit  d^rees, 
multiplied  by  the  specific  heat  in  foot-pounds  at  constant  volume. 

Add  the  initial  work,  and  deduct  the  work  of  back-pressure,  and  the  net 
total  work  expended  is, 

W  =  K'(r-T)  +  VP-V'F,      )  .V 

for  air,  W=  130.3  (r-T)  +  VP- V'F  / ^^^' 

Bj  snhstitiition  and  reduction,  as  was  done  for  compression,  page  903: — 
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Work  performed  by  One  Pound  of  Dry  Gas  expanded  down  to  the  back- 
pressure^ in  terms  of  the  temperatures. 

W  =  K(T~r);    for  air,  W=  183.45  (T-r) (34) 

That  is,  the  net  work  performed  is  equal  to  the  fall  of  temperature^  or  the 
difference  of  the  initial  and  final  temperatures^  in  Fahrenheit  degrees,  mul- 
tiplied by  the  specific  heat  in  foot-pounds  at  constant  pressure,  r^, 

When  the  initial  temperature  only  is  given,  T-T'  =  T  (i--_);  and 
by  substitution  in  formula  (  34  ): —  ^ 

Work  performed  by  One  Pound  of  Dry  Gas  expanded  dmvn  to  the  back- 
pressure {^formula  to  aid  in  finding  the  fined  temperature). 

W=KT(i-^);    forair,  W=  183.45  T(i- II) (35) 

T' 
The  value  of  -tt,-  corresponds  in  table  No.  308,  column  3,  to  the  ratio  of 

P 

the  initial  and  final  pressures,  —7-.    Thence  the  work  may  be  found;  also  the 

final  temperature.  ^ 

To  express  the  work  in  terms  of  the  pressures,  P  V  =  (K  -  K')  T,  by 

P  V 
formula  (28),  and  T  =  „  -    -,.     Substitute  this  value  for  T  in  formula 

K.  —  Jv 

(P'  \  ''9  T' 

"tT/       ^^"^  "t^^  ^^r\,  by  reduction, — 

Work  performed  by  One  Pound  of  Dry  Gas,  in  terms  of  pressure  and 

initial  volume. 


for  air,  W  =  3.45  Pv(i-(I^)'') 


(36) 


P  V  P*  v   . 

Again,  substitute  the  value  of  T  =  — — — -„  and  T'  =  — — —  in  equation  (34), 
and  reduce, — 

Work  performed  by  One  Pound  of  Dry  Gas,  in  terms  of  pressures 

and  volumes, 

W  =  j^^,(PV-P'V');    forair,W  =  3.4s(PV-FV')....  {38) 

To  exemplify  the  fall  of  temperature  by  adiabatic  expansion,  take  atmo- 
spheric air  at  62°  F.,  or  (461  +  62-)  523°  F.  absolute  temperature.     In 

P 

reducing  the  pressure. to  a  half,  the  inverse  ratio  -^  =  2, and  the  correspond- 
ing ratio  of  temperatures,  column  3,  table  No.  308,  is  .818;  whence  523° » 


.818  =  428^,  die  fiml  abwfrnftf  gifT!npin,M;.ae:.  amd  4(61-42$=    -Si:'^  H^.. 
the  final  temperatsnc     SmsaliscLT. 

for  inverse  lados  of  pressoe.      2.  5.  4.  5.  s:^ 

the  ratios  of  the  isuoal  sad  fs&il  .xbsokite  oeme^^gjaiiire?  anc 

.SiS.      .7^7.        .c«c<x        -6i*,  -53^ 

and  when  the  initsal  irniffufiKtje  2s  62^  F^  :De  oal  Ta^nrptfmTujgjait. 

-3o'-     -*i\     -iii\     -ijcl^     -afjj;'J. 

These  instances  Usssiace  xsjt  I'iin-i:>s;>  jptxsLbc^ibes  cc  pr^r^^Dciiif:  cdSiS  Iw 
the  expansion  of  air.  It  2s  djexrly  as  fsi^rifCtSca^ue  3i>  v^cs^  x  comjirKsed- 
air  engine  in  ssci  km-  zempican^csw  whai  crenr  pirDde  «  iiicn5Cii»  snd 
lubricant  wooSd  be  coaen.  2s  amongsc  :be  fesrft  leaE^agatoneg  jirerknx^ 
noticed. 

2D.  When  the  Gas  is  Ar-if.:5iJL>  10  the  Ctuxt^e  !x«  jws  Wscoi 

or  TEE  Stroke. 

In  this  case,  diere  is  no  esronscre  vorkfn^  aix:  the  |?ts  s^  odisisaed  m 
full  pressure.     The  votk  dooe  br  i  pcscnd  of  dry  gas  is — 

W  =  V»P-F* (^o) 

in  which  P  and  P  are  ibe  ':rhiil  and  ibe  nhar.<a   presscres.     P  V  » 
(K  -  K')  Ty  bj  ionnnEa  4  zS  k  ^agt  904,  and,  br  inrcrsKaEL 

^= p ;    kxm,\=^^^     ;..., <40) 

and,  by  substitotioo  and  redoctaoo, 

/Vgain,  the  general  eqoatkm  for  die  wotk  done  by  i  pound  of  dir  ^ns  is 

(formula  (  54 )-  page  906), 

W  =  K(T-T);     and  W  =  KT(i-^»,  <  45  ^ 

in  which  T  and  T*  are  the  initial  and  the  6nal  temperatures^ 

Elquating  these  eqxessions  for  W,  (  41 )  and  <  42  K  and.  redncii^^ 

t"k^     K      ""p^^  k»  air,  ^=.71 +.29—:  —  C43  ) 

T  =  T(|'  +  (^^'x^));   forair,r  =  T(.7i+.29^)...<44t 

By  either  of  these  fonnolas,  (43,  44),  the  final  tcnqxiataie  T'  is  iaamdL 

P' 

when  the  initial  temperatnre  T  is  given.     For  a  ratio,  for  air,  ^  =  ^,  cr 

P 

»  =  2,  for  instance,  with  the  initial  tenqxratme  62"*  F.,  or  absohite  tcopera- 

*  This  method  of  fiodiiig  the  final  tcmpentare,  hw  equating  the  tvo  espvcBOBS  lor  W, 
it  borrowed  from  M.  MalUnL     See  the  preceding  noCe»  page  902. 
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ture  523°,the  final  temperature  T'  =  523  (.71 +.29  x  ^)  =  523  x. 855  =447";. 
and  461  -  447  =  -  14°  F. 

To  facilitate  calculation,  by  means  of  formula  (  43  ),  the  values  of  the 
ratios  of  the  absolute  temperatures  corresponding  to  given  ratios  of  the 
pressures,  are  given  in  table  No.  309. 

Table  No.  309. — Compressed -Air  Engine: — Air  Ajdmitted  for  the 
Whole  of  the  Stroke.  —  Corresponding  Ratios  of  Pressures 
AND  Temperatures. 


Ratio  of  the 

Final  to  the 

Initial  Pressure. 


I 


Ratio  of  the 

Initial  to  the 

Final  Pressure. 


I 

2 

3 
4 
5 


Ratio  of  the 

Final  to  the 

Initial  Absolute 

Temperatures. 


.855 
.806 
.782 
.768 


Ratio  of  the 

Final  to  the 

Initial  Pressure. 


RaUoofthe 

Initial  to  the 

Final  Pressure. 


'k 


6 

7 
8 

9 
10 


Ratio  of  the 

Final  to  the 

Initial  Absolute 

Temperatures. 


.758 

.751 
.746 
.742 

.739 


The  final  temperatures  of  air  under  adiabatic  expansion,  and  also  when 
exhausted  at  full  pressure,  without  expansion,  due  to  given  ratios  of  pres- 
sure, are  detailed,  for  comparison,  in  table  No.  310,  in  the  second  and  third 
columns.  The  reduced  efficiency  by  adiabatic  expansion,  supposing  the  initial 
temperature  to  fall  to  62°  F.,  given  at  page  910,  is  here  given  in  column  4. 
The  same,  for  full  pressure,  without  expansion,  is  given  in  column  5.  It  is 
calculated  thus,  in  the  first  instance,  for  example : — The  final  temperature, 
column  3,  is  -  14°  F.,  and  is  (62  +  14  =  )  76°  below  62°, — being  the  range  of 
the  temperature  in  doing  work.  But  the  range  of  temperature  in  compress- 
ing the  air  adiabatically  to  twice  the  initial  pressure  is  (178"  (as  at  page  904) 

-62  =  )  116°;   and  (-^x  100  =  )  66  per  cent  is  the  reduced  efficiency 

116 

without  expansion,  as  in  column  5.    The  ratios  of  these  reduced  efficiencies. 


Table  No.  310. — Compressed- Air  Engine: — Air  Expanded  Adiabati- 
cally, AND  Air  Admitted  for  the  whole  Stroke. — Compara- 
tive Final  Temperatures,  and  Reduced  Efficiencies. 

Initial  temperature  =  62°  F. 


Ratio  of  the 

Final  Temperature. 

Reduced  Efficiency. 

! 

Ratio  of  Reduced 

Eflficicncies: — 

Without  Expan> 

sion  and  with 

Complete 

Expansion. 

Imtial  to  the 
Final  Pressure. 

With  Adiabatic 
Expansion. 

Without 
Expansion. 

With  Adiabatic 
Expansion. 

1 

Without 
Expanuon. 

2 

3 

4 

5 
10 

Fahr. 

-3f 

-81 
-  Ill 

-133 
-193 

Fahr. 

-14" 
-40 

-52 
-60 

-75 

percent 
82 

73 
67 
63 
51 

percent. 

66 
52 
44 
39 
27.5 

! 

percent 

80 
71 

66 
62 

S4 

EFFICIENCY  OF  COMPRESSED-AIR   ENGINES.  909 

in  columns  4  and  5,  are  given  in  the  last  column;  found  thus,  in  the  first 

example,  for  instance: — (—  x  100  =  )  80  per  cent.     These  ratios  may  also 

82 

be  calculated  as  the  ratios  of  the  ranges  of  temperature  in  the  two  cases.    In 

the  first  instance,  for  example,  ( - 33 4- 62  = )  95**,  and  (-144- 62  =  )  76*,  are 

the  ranges  for  adiabatic  expansion,  and  without  expansion:  and  0—  x  100  = ) 

95 
80  per  cent  is  the  ratio  of  the  reduced  efficiencies.     The  table  indicates, 

generally,  the  economical  disadvantage  of  working  compressed  air  without 

expansion. 

3D.  When  the  Gas  is  but  partially  Expanded. 

The  absolute  temperature  of  the  gas,  when  expanded,  falls  from  T  to  T' 
at  the  end  of  the  stroke.  Here,  it  is  suddenly  exhausted  into  the  surround- 
ing medium,  and  the  temperature  falls  still  further,  to  T"'.  The  work  done 
by  I  pound  of  gas,  in  terms  of  the  extreme  temperatures,  is,  by  the  general 
formula  ( 34 ),  page  906, 

W=K(T-TO;  forair,W=  183.45  (T-r') (45) 

whence,  as  in  (  35  ), 

W  =  KT(i-y);  for  air,  W  =  183.45  T  (I- i^) (46) 

or,W  =  KT(i-(^x  t));  for  air,  W=  183.45  T(i-(pxl')).   (47) 

When  the  successive  pressures,  P,  P',  P^  are  known,  the  ratios  of  the 
•temperatures  in  these  last  two  formulas  are  easily  found  in  the  table  No.  308, 

P^         P^  P* 

page  902,  from  the  ratios  of  the  pressures  — ,  or  p7,and  — ;  when  the 

calculation  for  the  work  may  be  completed. 

The  temperatures  T  and  T^  may  be  found  from  T;  first,  for  T',  by 
inverting  equation  ( 31 ),  page  905, 

T'  =  t(|^)'^;        forair.r  =  T(^)'' (48) 

Thence,  the  value  of  T',  the  ultimate  temperature,  is  found  according  to 
formula  ( 44 ),  page  907,  to  be, 

r'=r(^'  +  (^^xp);    forair,T^=r(.7i^.29p (49) 
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The  work  by  expansion  would  be  an  exact  duplicate,  in  reverse,  of  the 
•work  expended  for  compression,  and  the  two  works  would  be  equal  to  each 
other,  if  the  reverse  actions  took  place  between  the  same  temperatures, 
pressures,  and  volumes.  The  efficiency  of  the  combined  compressor  and 
motor  would  be  equal  to  100  per  cent.,  irrespective  of  losses  by  friction  and 
clearance.     But,  under  practical  conditions,  the   initial   temperature  for 
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expansion  is  not  more  than  that  of  the  surrounding  atmosphere;  and,  in 

working,  by  expansion,  back  to  atmospheric  pressure,  even  between  the 

same  extremes  of  pressure,  the  volumes  are  smaller,  since  the  temperatures 

are  lower;  and  the  efficiency  must,  of  course,  be  less  than  loo  per  cent 

In  working  air,  under  these  conditions,  between  two  given  pressures, 

first  compressively,  and,  second,  expansively,  let  the  ratios  of  the  pressures, 

p 
which  are  the  same  in  both  actions,  be  — „  P  being  the  higher  pressure,  and 

P'  the  lower,  or  atmospheric  pressure.  Put  T*'  for  the  higher  temperature 
by  adiabatic  compression,  whilst  T  is,  as  before,  the  atmospheric  tempera- 
lure,  and  T'  the  final  temperature  by  expansion.     Then,  according  to  for- 

mula  (3 1 ),  —  =  -^  =  ( — )     ;  that  is  to  say,  the  ratios  of  the  absolute  tempen- 

tures  are  equal  to  each  other,  since  they  are  each  equal  to  \p,}    .  It  follows 

that, 

T''  :  T  :  :  T  :  T';  and  that  T'~T  :  T-T'  :  :  T"  :  T; 

that  is  to  say,  the  range  or  difference  of  the  temperatures  for  compression, 
(T^'-T),  is  to  the  range  for  expansion  (T-T'),  in  the  ratio  of  the  higher 
absolute  temperatures,  V  and  T,  for  compression  and  for  expansion  respec- 
tively; and  the  loss  of  efficiency  by  the  intermediate  fall  of  the  temperature 
of  the  compressed  air  from  that,  T^,  due  to  the  compression,  to  T,  the 
atmospheric  temperature,  is  simply  the  proportion  which  this  fall,  T'-T, 
bears  to  the  maximum  temperature  1"^. 

It  is  so,  because  the  volume  is  as  the  absolute  temperature  T'',  and  the 
loss  of  temperature  T'^-T,  indicates  the  loss  of  volume  by  contraction, 
under  the  same  pressure.  For  instance,  in  compressing  dry  air  at  62**  F., 
to  two  atmospheres  of  pressure,  in  a  non-conducting  vessel,  the  temperature 
is  raised  to  1 78°,  and  the  fall  in  reverting  to  62°  is  (i 78  -  62  = )  116°.  The 
loss  of  efficiency  is  the  proportion  of  116°  to  (461  4- 178  = )  639°,  the  maxi- 
mum absolute  temperature,  thus: — 

(46i-fi78  =  )639'> 
(461+  62  =  )  523 

Difference,  or  loss,....  ii6°=  18  per  cent,  of  the  maximum  absolute  temperature. 
Leaving 523  =82 


»»  ;? 


For  ratios  of  pressure,  or  atmospheres 


2, 


3,  4,  5.  io» 


the  final  temperatures  for  compression  are, 

178^  258°,  321°,  37  s"",  559°Fahr.; 

and  the  reduced  efficiency,  supposing  the  initial  temperature  for  expansion 
becomes  62°  F.,  is 

82,  73,  67,  63,  51  percent, 

whilst  the  loss  of  efficiency  is 

18,  27,  33,  37,  49        „ 

Here  it  is  obvious  that  the  lower  the  degree  of  compression  applied  to  the 
air,  the  less  is  the  rise  of  temperature,  the  less  is  the  loss  of  heat  by 
dissipation,  and  the  greater  is  the  efficiency  of  the  machine.  When  an 
initial  temperature  can  be  maintained  for  the  expansion-engine,  higher  than 
that  of  the  surrouivdm^  3Xmo?»'^\v^\t^  >^^  Taxv^^t  <^^  l<wxv^tature  within  which 
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the  air  may  be  expanded  before  it  arrives  at  the  freezing-point,  as  a  lover 
limit,  is  greater  than  if  it  commence  at  atmospheric  temperature;  and  the 
performance  is  also  greater  in  the  same  proportion. 

When  the  compression  is  carried  to  10  atmospheres,  the  efficiency  for 
working  in  a  compressed-air  engine,  above  indicated,  is  only  5 1  j^er  cttiL 

Add,  that  the  efficiencies  of  the  machines  themselves, — the  compressor 
and  the  power-engine, — are  factors  for  the  calculation  of  ihexr  resul- 
tant  efficiency;    and   if   the  efficiency  of  each    machine   be   taken   at 

So  X  80 
80  per  cent,  the  combmed  percentage  of  the  two  machines  is  { =  ) 

100 
64  per  cent,  or  two-thirds;  and  64  per  cent  of  51  per  cent,  is  ^^  per  cent, 
the  resultant  efficiency  of  the  combined  compressor  and  engine,  working  to 
10  atmospheres.  Similarly,  it  is  found  that  the  resultant  efficiency,  working 
to  2  atmospheres,  is  52  per  cent  The  less  the  degree  of  compression,  the 
greater  is  the  efficiency;  because  the  less  is  the  proportional  loss  from  the 
intermediate  reduction  of  temperatiu^  In  general  practice,  the  resullaiit 
efficiency  rarely  exceeds  30  per  cent 

M.  Piccar4rs  U/ustraium. — ^L  Piccard'  happily  illustrates  by  exanspflei 
the  difference  of  the  conditions  and  the  efficiency  of  the  wcni^  of  compre»eid 
air,  in  three  cases,  for  which  he  adopts  the 
initial  temperature  32^  F.  He  supposes  that, 
in  the  ist  and  2d  cases,  the  pressure  and 
temperature  are  raised  adiabatically  duiing 
compression;  and  that  the  temperature  re- 
lapses to  the  normal  point  32'  P..  before 
the  air  is  applied  to  work.  iUustiated  by 
Figs.  350  and  351;  and,  in  the  3d  case, 
that  the  tempeiatare  is  constant  ai  ^2'  ¥,. 
whilst  the  air  undergoes  compression  ibo- 
thermally;  Fig.  352. 


w:;^;^ 


t 


Wumm 


tTjf^  35X.  ■  -^  CHS*-' 
%£  Adadaoic  and  SsoAieniml  Cun^veMiMai  i^  Air;  wkti^  A^Utfic  CiiQiMMiian- 


ist  case: — Ak  oomigvsffied.  oonjikt^  aasid  ^xpm^iai  wj^m  Ite  mn^ 
cylinder,  vidboot  xof  veservoisr.  tA  ca«e«  i^^^SB^f&emA  Air  ciodM  m  ^ 
reservoir.  ^  cxst,  Ak  Kx&oikA  dvarki^  Kjoaas^gi^  Jlm^yBBessiiaeis^^isikh 
the  air  is  oopapBoaed  k.  m  teada  <aw:^  ^  s^asoiQV^^fb&!&>;  wMsi  ttte  finsfl 
vohmies  to  viudi  at  s  oDODpRs&cid,  ta^siiK^  itte  aiutibll  ^^^ubm:;  ^  f  „  mfs^^ 

da  ArrUtaOB^  Jimc  rf^T^  jp^^^  ftor.  alnttrftcl^^  in  CW  f^riMC^^  4^  £h^  fm^nAiM^m  <^ 
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Final  Volume.  ^"''' vSumi^'^  ^™«  ^  ^"'*'^ 

1st  case,...  0.281  or  '/a-s  pressure  falls  to  3.56  atmospheres. 
2d  case,...  0.281  or  V3.5  final  volume  reduced  to  «/6  initial 
3d  case,...  0.167        or         */6  pressure  and  volume  stationary. 

The  final  pressures,  volumes,  and  temperatures  are  subjoined;  and  to  these 
are  added  the  efficiency  for  each  case,  or  the  ratio  of  die  useful  work  done 
to  the  work  expended  in  producing  the  supply  of  compressed  air: — 

Final  ,/,*°*^  Final  Temperature.  Effideacy. 

PreftMire.         Volume.  f!!;»;,i —VTImp  r««™-«n«  — , 

Atmospheres.      Total=x.  Initial  =  32  F.  Compres«on  =  i. 

1st  case, I     69      -119°  F 56.4  per  cent 

2d  case, i     595     -168  59.2      „ 

3d  case, I     595     -168  78.0      „ 

Ordinary  practical  conditions  oscillate  between  cases  2  and  3;  and  it 
is  clear  that,  the  more  the  air  is  cooled  during  the  process  of  compression, 
the  less  is  the  expenditure  of  work  on  compression,  and  the  greater  is  the 
resultant  efficiency.  M.  Piccard  gives  the  following  for  the  respective 
efficiencies  for  various  pressures: — ^in  the  3d  case,  and  in  the  case  when 
the  air  is  admitted  for  the  whole  of  the  stroke,  without  expansion: — 

Pressures.  Efficiency  in  the  3d  Case.  Efficiency,  without  Expaason. 

atmospheres.  per  cent  per  cent 

1  100  100 

2  90.6  72.1 

4         82.4        54.1 

6        78.0        46.0 

8        75.2        42.1 

10  72.9  39.1 

It  may  be  inferred  that,  under  every  condition,  the  efficiency  is  reduced 
as  the  pressure  is  multiph'ed. 

Compression  and  Expansion  of  Moist  Air. 

M.  Mallard  has  investigated  the  influence  of  moisture  in  air  upon  the 
variations  of  temperature,  and  on  the  work  of  compression  or  expansion. 
The  principal  results  of  the  investigation  are  here  given.  It  is  assumed 
that  the  vapour  generated  from  the  moisture  is  always  in  the  condition 
of  saturation. 

Temperature  in  Compression, — The  rise  of  temperature  is  much  less  when 
moisture  is  present  in  the  air,  than  when  the  air  is  dry,  and  is  compressed 
adiabatically.  Atmospheric  air  at  68°  F.  initial  temperature,  when  com- 
pressed to  7  ^  atmospheres,  rises,  if  dry,  to  490°  F.;  and,  if  sufficiently  moist, 
to  194°  F.  only. 

Work  for  Compression. — The  work  is  the  same  for  dry  air  and  moist  air 
at  68°  F.  when  compressed  to  j}4  atmospheres.  For  a  less  degree  of 
compression,  it  is  rather  less  for  dry  air;  but  for  higher  compressions,  it  is 
less  for  moist  air.     For  7^  atmospheres,  it  is  14  per  cent  less. 

Proportion  of  Moisture  in  Saturation. — The  weight  of  saturated  vapour 
in  moist  air  at  68°  F.,  compressed  to  from  i  J^  to  7^  atmospheres,  is  from 
2)4  to  6^  per  cent,  of  the  weight  of  the  air. 

Particulars  of  the  compression  of  air,  dry  and  moist,  are  given  in 
table  No.  311: — 
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able  No.  311. — Compression  of  Air,  Dry  and  Moist. — Temperature 

AND  Work. 

(Deduced  from  M.  Mallard's  data.) 


. 

Final  Temperatw'es  for 

Moisture 

Final 

Compression. 

Work  Expended  in  Com- 

Required  to 

Pressures. 

Produce 

Initial  Pres- 

Initial Tempcrature=68*  Fahr. 

Saturation  in  > 
parts  of  the 

sure  =  I 

Air  with 

1 

Air  with 

Weight  of     1 

Atmosphere. 

Dry  Air. 

Sufficient 

1      Dry  Air. 

Sufficient 

the  Au-  Com- 

1 

Moisture. 

Moisture. 

pressed. 

atmospheres. 

Fahr. 

Fahr. 

1   foot-pounds. 

foot-pounds. 

percent. 

i}i     i 

133° 

94° 

13,300 

13,200 

2.4 

2 

185 

III 

23,500 

22,500 

3.0 

2>i 

229 

124.5 

30,500 

29,000 

3.6 

3  ^      ' 

266 

1355 

37,000 

35,000 

1           40 

3'A      ! 

300 

145-4 

43,200 

40,500 

4.4 

4 

330 

153.5 

!       48,500 

45,000 

4.8 

4>i 

357 

161.6 

53,600 

49,000 

5.1 

5  , 

383 

167 

,       58,500 

52,500 

5.4 

1%     ! 

407 

^73 

63,200 

56,500 

5.7 

6         1 

428 

179 

67,000 

60,000 

;         6.0 

(>%      > 

440 

184 

71,000 

63,000 

6.2 

7 

470 

190 

75,000 

66,000 

6.4 

7H       ' 

490 

194 

78,300 

68,300 

6.6 

PVifrJk  in  Expansion, — There  is  a  slight  gain  in  work  done,  by  the 
resence  of  vapour  in  the  air,  in  a  state  of  saturation;  but  it  may  be 
fleeted  in  ordinary  calculations. 

Table  No.  312. — Expansion  of  Air,  Dry  and  Moist. — 

Temperatures. 

(Reduced  from  M.  Mallard's  data.) 


Temperatures. 

Ratio  of  Expansion. 

Final. 

Initial. 

Dry  Air. 

Ail*  with  Suffi- 
cient Moisture. 

Fahr. 

Fahr. 

ratio. 

ratio. 

32^ 

40' 

1.05 

1. 10 

32 

50 

I.I3 

1.24 

32 

60 

1.22 

1.38 

32 

62 

1.23 

I.4I 

32 

68 

1.28 

1.50 

32 

70 

1.30 

1.56 

32 

80 

^-yj 

1-75 

32 

90 

147 

2.00 

32 

100 

1.57 

2.28 

32         • 

110 

1.67 

2.63 

32 

120 

1.76 

300 

32 

130 

1.88 

3-45 

32 

140 

2.00 

4.00 

^ 
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Temperature  in  Expansion, — ^When  moisture  is  present  in  air  in  the 
condition  of  saturation,  the  fall  of  temperature  during  expansion,  is  greatly 
less  than  what  takes  place  when  dry  air  is  expanded.  That  a  compressed- 
air  engine  may  work  without  the  freezing  of  any  moisture  or  vapour  in  the 
air,  it  should  not  exhaust  at  a  temperature  lower  than  the  freezing-point 
Table  No.  312,  page  913,  shows  a  few  examples  of  the  maximum  ratio  of 
expansion  that  may  be  practised,  with  given  initial  temperatures,  when  the 
final  temperature  is  to  be  32°  F.: — 

The  table  shows  that  air  at  120*^  F.  may  be  introduced  into  the  cylinder 
at  a  pressure  of  3  atmospheres,  and  expanded  to  .atmospheric  pressure, 
without  risk  of  interference  from  the  freezing  of  moisture;  whilst  with  dry 
air,  the  maximum  pressure,  under  the  same  condition,  is  only  1.76  atmo- 
spheres. 
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MACHINERY  FOR  COMPRESSING  AIR,  AND  FOR  WORKING 

BY  COMPRESSED  AIR. 

Compression  of  Air  by  Water  at  Mont  Cenis  Tunnel  Works 

(COMPRESSEURS   A   COLONXE   D'EAU).* 

The  motive  power  was  derived  from  the  fall  of  a  column  of  water,  having  a 
head  of  85^  feet,  acting  on  the  principle  of  a  hydraulic  ram, — the  water,  by 
the  power  of  its  fadl,  compressing  a  given  quantity  of  air  at  each  stroke. 
ITiere  were  11  rams,  to  each  of  which  the  water  was  conducted  from  the 
reservoir  by  a  24-inch  piF>e.  Each  ram  made  from  2j4  to  3  strokes  per 
minute,  and  the  air  was  compressed  to  6  atmospheres  of  total  pressure. 
The  volume  of  air  at  atmospheric  pressure,  shut  in  and  compressed  for 
service  at  each  stroke  of  the  ram,  was  measured  by  a  column  in  the  air-limb 
of  the  pipe,  2.04  feet  in  diameter  and  14.1  feet  high,  making  a  volume  of 

46.1  cubic  feet  of  atmospheric  air,  or  (46.1  ^6  = )  7.68  cubic  feet  of  com- 
pressed air.     The  volume  of  compressed  air  for  2  J^  strokes  per  minute  was 

1 9. 2  cubic  feet  per  minute.     The  net  horse-power  is 

[  (6  X  15)  X  144  X  19.2  X  hyp  log  6] -5- 33000  =  13.51  horse-power. 

The  total  expenditure  of  power  in  the  water  for  generating  compressed 
air  was, — 

2.04*  X. 7854  X  14. 1  x62)^  lbs.  X  85^  feet  X  2)^  strokes  -   g  ^  jj  p 

33000 
The  efficiency  was,  thus,  equal  to  73  per  cent 

Compression  of  Air  by  Direct-action  Steam-Pumps. 

In  the  temporary  machines  used  at  the  works  for  the  St  Gothard  tunnel, 
the  steam-piston,  19.7  inches  in  diameter,  was  fixed  to  the  same  rod  with 
the  air-piston  of  17.73  inches,  with  a  stroke  of  4  feet  The  air-pumps 
worked  in  water.  The  minimum  number  of  double  strokes  per  minute 
was  5,  but  the  machine  could  make  20  per  minute.  In  compressing  air 
to  3  atmospheres,  the  efficiency,  according  to  the  indicator-diagrams,  was 
84  per  cent 

These  pumps  have  been  replaced  by  others  on  Colladon's  system,  in 
which  the  air-cylinder  is  kept  cool  by  exposing  every  piece  that  is  in  contact 
with  the  air  when  undergoing  compression,  to  currents  of  cold  water.  The 
pump  makes  90  revolutions  per  minute,  and  is  maintained  sufficiently  cool 
in  compressing  air  to  8  atmospheres  of  pressure. 

*  Simms'  Practical  Tunnelling^  3d  edition,  1877,  page  261. 
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COMPRESSED-AiR    MACHINERY   AT   PoWELL   DUFFRYN    COLLIERIES.* 

This  machinery  was  constructed  by  Messrs.  J.  Fowler  &  Co.,  for  Sir  George 
Elliott.  There  is  a  pair  of  horizontal  air-compressing  engines  connected  to 
one  shaft,  the  steam-cylinder  and  the  air-cylinder  being  in  one  line,  on  the 
same  rod.  The  steam-cylinders  are  34  inches,  and  the  air-cylinders  40  inches 
in  diameter,  with  a  stroke  of  6  feet.  The  engine  is  worked  with  steam  of 
70  lbs.  effective  pressure,  cut  off  at  one-fourth,  and  is  fitted  with  Cornish 
steam-  and  exhaust-valves,  8  inches  and  9  inches  in  diameter.  The  engines 
make  20  turns  per  minute,  giving  240  feet  of  piston  per  minute,  to  indicate 
482  horse-power,  against  a  pressure  of  air  of  40  lbs.  per  square  inch  above 
the  atmosphere.  The  air-cylinders  are  immersed  each  in  a  cold-water 
bath,  open  at  the  upper  side. 

Experiments  were  made  with  a  double-cylinder  air-compressing  engine, 
similar  in  arrangement  to  the  above,  having  16-inch  cylinders  for  steam  and 
for  air,  of  30  inches  stroke,  with  an  air-receiver  5  feet  in  diameter  and  24 
feet  long.  The  steam  was  cut  off  at  80  per  cent.  The  air-engine  was  an 
ordinary  semi-portable  engine,  having  t^'o  lo-inch  cylinders  of  12  inches 
stroke,  cutting  off  at  three-fourths.  The  air  from  the  receiver  was  led 
into  and  passed  through  the  boiler  of  the  portable  engine,  and  was  thereby 
cooled  down  to  within  5°  of  the  atmospheric  temperature  before  it  passed 
into  the  cylinder.  The  principal  results  of  the  trials  are  quoted  from  the 
paper  and  given  in  table  No.  313;  in  which  the  two  lines,  7  and  12,  have 
been  calculated  and  added  by  the  author. 

Table  No.  313.— Air-Compressing  Engines,  and  Compressed-Air 
Engines,  at  Powell  Duffryn  Colliery — Results  of  Trials. 


Pressure  of  Air  in  Receiver,  Eflfective, lbs.      40.0  '    34.0 


1.  Effective  mean  pressure  in  steam-cylinders,  lbs. 

2.  Do.  do.  air-cylinders, lbs. 

3.  Speed  of  piston,  per  minute,  feet 

4.  Effective  mean  pressure  in  air-engine, lbs. 

5.  Speed  of  piston,  per  minute,  feet 

Air-compressing  engine — 

In  steam-cylinder  (A),  LH.  P. 

In  air-cylinder  (B), I.H.P. 

Air-engine,  cylmder  (C), I.H.P. 

Do.,        brake  (D), H.P. 

Efficiency  of  D  in  parts  of  A, per  cent. 

Do.         C         ,,  A, percent. 

Do.         B         ,,         A, percent. 


6. 

7. 
8. 

9. 
10. 

II. 

12. 


>» 


26.3 
24.0 
190 

35-6 
108 

59.4 
52.6 

18.3 

15.3 
25.8 

^0.8 
^7.7 


25.1 
22.7 

155 
29.8 

104 

46.2 
40.7 
14.7 
12.5 
27.1 
31.8 
88.0 


28.5 


21.5 

'95 
140 

24.7 

ic^ 


13.  Total  Pressure  in  receiver, atmospheres 

14.  Actual  final  volume  in  air — cylinder  of  com-  [ 

pressing  engine, initial  vol.  =I  j 

15*  Final   volume  according    to  the   adiabatic  | 
curve initial  vol.  =  l  j 

16.  Final  volume  according  to  the   hyperbolic  j 

curve, initial  vol.  =  i  j 

Actual  mean  pressure  : — 

17.  From  indicator-diagram, lbs. 

18.  By  the  adiabatic-curve, lbs. 

19.  By  the  hyperbolic-curve, lbs. 


3-72 
.380 

.393 
.269 

24.0 

23.5 
'93 


3-3' 
.425 

.427 
.302 

22.7 
21. 1 

17.6 


2.94 
.470 

.465 
•340 


'95 
18.6 

'5-9 


24 


197 
16.5 
no 
21.0 
108 


35.8 

25.8 

32.2 

21.7 

12.2 

10.8 

10.2 

9.0 

28.5 

34.9 

34-1 

41.9 

89.8 

84-3 

2.63 

.518 
•503 

.380 

16.5 

16.4 
14.2 


19 

16.6 

14.5 
60 

17.0 
88 

ii.S 
10. 1 

7.1 

5-4 

45.8 

60.2 

85.4 


2.29 
.575 

•555 

•437 

14.5 

'3.8 
12.2 
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EDginesworkcd  by  heated  air  are  of  two  classes: — ist.  Those  in  which  the 
air  is  heated  and  cooled  alternately  by  contact  with  hot  and  cold  surfaces; 
and>  3d,  those  in  which  the  air  is  mixed  with  the  hot  products  of  combus- 
tion when  heating  surface  is  not  used. 

1ST  Class. — Laubereau's  Hot-Air  Enginf. 
.\ir  is  driven  alternately  from  one  end  to  the  other  of  a  cylindriLal  cham- 
ber of  constant  volume  by  a  reciprocating  piston.  One  end  is  heated  by 
a  furnace,  and  the  other  end  is  cooled  by  water,  and  so  the  air  is  alternately 
heated  and  cooled.  When  heated,  it  enters  the  working  cylinder,  which  is 
single-acting,  where  it  expands  on  the  piston.  On  the  retutn-siroke  of  the 
working  piston,  whilst  the  air  is  being  cooled,  it  is  expelled  from  the  cyhnder. 
The  difference  of  the  positive  and  negative  pressures — during  the  out-stroke 
and  the  in-stroke  respectively — on  the  working  piston,  the  outer  face  of  which 
is  open  to  the  atmosphere,  is  the  measure  of  the  power  of  the  engine.  In  an 
engine  which  was  tested  by  M,  Tresca,  the  capacity  of  the  cylindrical  chamber 
was  5-66  cubic  feet,  and  that  of  the  working  cyUnder,  having  a  diameter  of 
ig.7  inches,  and  a  stroke  of  15.7  inches,  was  2.83  cubic  feet.  The  engine 
made  from  30  to  40  turns  per  minute,  giving  a  speed  of  piston  of  from  79 
to  105  feet  per  minute.  The  temperatures  of  the  air  at  the  beginning  and 
the  end  of  the  stroke,  were  455°  and  95°  F.,  difference  360°,  which  was  lost. 
The  absolute  initial  pressure  on  the  piston  averaged  21^  lbs.  per  square 
inch, and  the  lowest  pressure  in  the  re  turn -stroke  was  12J4  lbs.  The  effec- 
tive mean  pressure  was  3.675  lbs.  per  square  inch,  giving  about  2  indicator 
horse-power,  for  which  the  power  at  the  brake  was  42  per  cent.,  or  0.8  horse- 
power. The  quantity  of  water  required  for  cooling  the  air,  amounted  to 
18  cubic  feet  per  hour;  its  temperature  was  raised  63°  F.  The  quantity  of 
coal  consumed  was  4.8  lbs.  per  indicator  horse-power,  or  11  lbs.  per  brake 
horse-power,  showing  that  the  efficiency  of  the  fuel  in  the  development  of 
power  in  the  cylinder  was  4  per  cent.,  and,  at  the  brake,  1 J^  per  cent 

Rider's  Hot-Air  Engine. 

In  this  engine,  which  is  called  a  compression-engine,  two  single-acting 
cylinders  are  placed  vertically,  a  little  apart,  connected  at  the  upper,  part 
by  a  regenerator  composed  of  thin  plates.  One  of  these  is  the  working 
or  hot  cylinder,  under  which  a  fire  is  maintained,  the  other  is  the  air-pump, 
or  cold  cylinder,  surrounded  by  water  to  cool  the  air  which  is  drawn  into 
it,  and  which  is  pumped  back  into  the  hot  cylinder.  The  plungers  of 
these  cylinders  are  worked  by  cranks  placed  at  an  angle  of  95°  on  a  shaft 
overhead.  The  working  plunger  of  the  i  horse-power  engine  has  a  dia- 
meter of  63^  inches,  with  a  stroke  of  9j^  inches;  the  pumpt-plunger  is 
6J^  inches  in  diameter,  with  a  stroke  of  8.6  inches. 

"  The  compression  (pump)  piston  first  compresses  the  cold  air  in  the 
lower  part  of  the  compression-cylinder  into  about  one-third  of  its  normal 
volume,  when,  by  the  advancing  or  upward  motion  of  the  power  (working) 
piston,  and  the  completion  of  the  down-stroke  of  the  compression  piston, 
the  air  is  transferred  from  the  compression.cylinder,  through  the  regenerator. 
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and  into  the  heater,  without  any  appreciable  change  of  volume.  The  result  is 
a  greater  increase  of  pressure,  corresponding  to  the  increase  of  temperature, 
and  this  impels  the  power-piston  up  to  the  end  of  its  stroke.  The  pressure 
still  remaining  in  the  power-cylinder,  and  reacting  on  the  compression- 
piston,  forces  the  latter  upward  till  it  reaches  nearly  to  the  top  of  its  stroke, 
when,  by  the  cooling  of  the  charge  of  air,  the  pressure  falls  to  its  minimum 
[about  atmospheric  pressure],  the  power-piston  descends,  and  the  compres^ 
sion  again  begins.  In  the  meantime  the  heated  air,  in  passing  through  the ' 
regenerator,  has  left  the  greater  portion  of  its  heat  in  the  regenerator-plates, 
to  be  picked  up  and  utilized  on  the  return  of  the  air  towards  the  heater." 

From  indicator  diagrams,  taken  at  120  turns  per  minute,  it  appears  that 
the  effective  mean  pressure  in  the  working  cylinder  was  16.8  lbs.,  and  that 
in  the  pump  was  7.15  lbs.  per  square  inch.     Reducing  the  pump-pressure 

in  the  ratio  of  the  strokes,  it  becomes  7.15  x-^  =  6.47  lbs.;  then  (16.8- 

9-5 
6.47  = )  10.33  lbs.  per  square  inch  is  the  net  effective  pressure  on  the  working 

plunger,  from  which  the  power  is  to  be  calculated.     The  area  of  the  plunger 

is  35.78  square  inches,  and  the  net  indicator  horse-power  is — 

35.78  lbs.  X  10  V^  lbs.  X  .80  foot  X  120  ^,  , 

^^^-1 '-1 =  1.076  horse-power. 

33,000 

It  is  stated  that  the  quantity  of  coal  consumed  is  from  2  to  3  lbs.  per 
net  indicator  horse-power. 

An  engine  of  yi  horse-power  was  tested  to  deliver  from  650  to  700  gallons 
of  water  per  hour,  90  feet  high,  with  a  consumption  of  4  lbs.  of  co^  per  hour.^ 
Taking  a  mean  of  675  gallons,  the  performance  is  equivalent  to  (675  x  10  lbs. 
X  90  feet -T- 60  = )  10,125  foot-pounds  per  minute,  or  to  (10,125  -=-33>^>oo  =  ) 
.307  horse-power  of  net  duty,  for  which  (4  lbs. -7-. 307  =  )  13  lbs.  of  coal  was 
consumed  per  horse-power. 

2D  Class. — Belou's  Hot-Air  Engine  at  Cusset. 

The  air  is  supplied  by  a  feeding  cylinder,  i  metre  in  diameter,  with  i  }4 
metres  of  stroke,  in  which  it  is  compressed,  and  from  which  it  is  discharged 
into  a  close  furnace,  where  it  is  heated  by  the  combustion  produced  by  it 
Thence,  it  is  passed  to  the  working  cylinder,  1.4  metres  in  diameter,  with 
I  y^  metres  of  stroke,  where  it  acts  with  full  pressure  and  expansively,  after 
which  it  is  exhausted  into  the  atmosphere.  These  cylinders  are  double-acting. 
The  feeding  cylinder  draws  i  cubic  metre  of  air  at  each  stroke.  The  furnace 
is  inclosed  in  a  horizontal  cast-iron  cylinder;  the  grate  is  inclined,  and  has 
an  area  of  .80  square  metre,  or  8.6  square  feet  The  greater  portion  of  the 
air  passes  through  the  grate.  The  engine  makes  23  turns  per  minute,  giving 
a  speed  of  pistons  of  225  feet  per  minute.  The  temperature  in  the  chim- 
ney is  480°  F. 

The  absolute  pressure  in  the  feeding  cylinder,  is  raised  to  1.94  atmo- 
spheres, for  which  the  period  of  compression  is  51.5  per  cent  of  the  stroke. 
In  the  working  cylinder,  the  initial  pressure  is  1.68  atmospheres;  the  air  is 
cut  off  on  the  upper  side  at  39  per  cent,  of  the  stroke,  and  expanded 
exactly  to  atmospheric  pressure  at  the  end  of  the  stroke;  on  the  lower  side, 

*  At  the  meeting  of  the  Royal  Agricultural  Society  at  Birmingham ;  Messrs.  Eastons 
and  Anderson,  Engvueeis. 
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the  admission  is  longer,  to  compensate  for  the  weight  of  the  piston — about 
2  tons.  The  difference  of  the  pressures,  (1.94-1.68  =  )  .26  atmosphere,  or 
3.8  lbs.  per  square  inch,  represents  the  resistance  in  the  furnace  and  the 
passages.  The  average  effective  pressures  are,  in  the  feeding  cylinder, 
9.4  lbs.,  and  in  the  working  cylinder  7.13  lbs.  per  square  inch;  yielding 
respectively  80.62  and  119.74  indicator  horse-power.  Thus,  it  is  seen  that 
two-thirds  of  the  working  indicator  power  is  expended  in  supplying  air 
to  the  working  cylinder.  Allowing  only  10  per  cent  of  the  indicator  power 
for  general  resistances,  and  so  reducing  it  to  107.77  horse-power,  the  net 
useful  work  is  107.77-80.62  =  27.15  horse-power,  which  is  22.67  per  cent 
of  the  indicator  power. 

The  quantity  of  coal  consumed  is  88  lbs.  per  hour,  being  at  the  rate  of 
.735  lbs.  per  indicator  horse-power,  or  3.24  lbs.  per  net  horse-power,  as  at 
the  brake.^ 

Wenham's  Hot-Air  Engine.* 

In  this  engine,  the  air-pump  and  the  working  cylinder,  both  single- 
acting,  are  combined  in  one  upright  cylindrical  casting,  in  which  a  piston 
works  vertically.  The  upper  side  is  devoted  to  the  supplying  of  air, 
under  pressure,  to  the  furnace,  and  the  lower  side  receives  the  heated 
air  for  the  performance  of  work.  The  capacity  of  the  air-pump  is  so 
designed  that  the  volume  of  air  measured  at  atmospheric  pressure,  forced 
into  the  furnace,  is  three-fourths  of  the  working  capacity  of  the  cylinder;  a 
"  cushioning  space,"  or  clearance,  above  the  piston  being  provided,  equal  in 
capacity  to  a  fourth  of  the  working  capacity.  The  air  is  compressed  to 
about  double  the  atmospheric  pressure,  or  about  1 5  lbs.  per  square  inch 
above  the  atmosphere.  It  has  been,  for  experiment,  compressed  to  25  lbs. 
above,  but  then  it  burned  the  packing  of  the  glands.  The  piston  is  acted 
on  expansively,  in  the  downward  stroke,  by  the  cushion  of  compressed  air 
left  in  the  clearance. 

By  indicator-diagrams,  taken  at  a  trial  of  an  engine  of  3  horse-power,  it 
appears  that  the  maximum  pressure  of  the  air  in  the  pump  was  about 
14  lbs.  above  the  atmosphere,  and  that  the  valve  was  opened  to  the  furnace 
at  55  per  cent  of  the  stroke;  also,  that  the  cushion  of  compressed  air  ex- 
panded to  atmospheric  pressure  at  about  the  same  point  of  the  stroke,  or 
45  per  cent  In  the  working  cylinder,  the  maximum  pressure  was  also 
about  14  lbs.  per  square  inch  above  the  atmosphere,  with  a  back  exhaust- 
pressure  of  from  I  lb.  to  i  J^  lbs.  The  cylinders  were  24  inches  in  diameter, 
with  a  stroke  of  12  inches,  and  made  108  turns  per  minute,  giving  a  speed 
of  piston  of  216  feet  per  minute.  The  effective  mean  pressures  were,  in 
the  air-pump,  4.6  lbs.,  and  in  the  working  cylinder  11.2  lbs.;  net  pressure 
6.6  lbs.  per  square  inch.  The  indicator  power  was,  in  the  working  cylinder, 
16.6  horse-power;  in  the  air-pump  6.82  horse-power,  or  less  than  half;  the 
net  power  was  9.76  horse-power.  The  power  at  the  brake  was  only 
3.3  horse-power,  or  20  per  cent,  of  the  gross  power.  The  coal  consumed 
by  a  similar  engine,  having  a  15-inch  cylinder,  was  at  the  rate  of  8  lbs.  per 
net  horse-power;  and,  in  the  proportion  above  found,  it  would  be  equiva- 
lent to  4.7  lbs.  per  gross  indicator  horse-power. 

*  See  the  AnnaUs  du  Conservatoire  des  Arts  et  MHiers^  vols.  iv.  and  vii.,  for  full  parti- 
culars of  Laubereau*s  and  Belou's  engines.    The  data  above  given  are  drawn  from  this  source. 

•  Proceedings  of  the  Institution  of  Mechanical  Engineers^  ^873,  page  63. 
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The  temperature  of  the  air  entering  the  working  cylinder  was  proved  by 
a  Siemens'  pyrometer  to  be  1127**  F.,the  dull  red  heat  of  an  open  fire;  and 
that  of  the  air  as  it  left  the  cylinder  was  466**.  The  difference  of  these 
temperatures,  66 1**  F.,  was  absorbed  as  work;  the  heat  at  the  temperature 
466°,  rejected,  therefore  amounted  to  nearly  40  per  cent  Dr.  Siemens  has 
truly  remarked  that  the  heavy  fall  of  temperature,  following  upon  the  con- 
version of  heat  into  work,  was  not  recognized  by  the  early  inventors  of 
economizers  of  rejected  heat,  known  as  aspirators  or  regenerators;  and  that 
consequently  their  expectations  of  gain  from  this  source  were  much  in  excess 
of  the  economy  that  was  realized,  or  that  was  even  p>ossible. 

In  the  course  of  the  discussion  on  the  paper  on  Wenham's  engine,  the 
president.  Dr.  Siemens,  added  the  following  observations: — "Although a 
volume  of  highly  compressed  and  highly  heated  air,  if  expanded  down  to 
atmospheric  pressure,  and  discharged  at  no  higher  temperature  than  that  of 
the  surrounding  atmosphere,  would  yield  the  full  result  for  the  heat  absorbed 
in  expansion,  yet  an  equal  weight  of  air  would  then  have  to  be  taken  up 
again  and  compressed  to  the  original  pressure,  thereby  generating  a  great 
amount  of  heat  which  would  all  be  wasted,  because  it  was  generated  in  the 
air  before  its  expansion  by  heat  takes  place,  and  when  it  should  occupy  the 
least  volume — the  power  of  the  engine  being  dependent  upon  the  increase 
of  volume.  In  the  best  air-engines,  therefore,  it  would  not  be  possible  to 
realize  anything  like  so  much  as  a  fourth  or  a  fifth  of  the  theoretical  maxi- 
mum of  mechanical  effect  due  to  the  heat  put  into  the  air," 


GAS-ENGINES. 


Gas-engines  are  worked  by  the  explosion  of  a  mixture  of  coal-gas  and  air, 
which  acts  on  a  piston  within  a  cylinder.  They  may  be  double-acting  or 
single-acting,  and  the  explosion  may  be  effected  by  means  of  an  electric 
battery,  or  of  lighted  jets  of  gas  placed  in  communication  with  the  mixtiu'e. 

Lenoir's  Double-acting  Gas-Engine. 

Two  horizontal  engines  of  this  kind,  fired  by  electricity,  were  tested  by 
M.  Tresca.^  During  a  part  of  the  stroke,  the  gas  and  air,  in  fixed  propor- 
tions, are  admitted  into  the  cylinder,  and  then  exploded  by  an  electric 
spark.  By  the  explosion,  heat  and  pressure  are  generated,  and  the  pressure 
acts  on  the  piston  during  the  remainder  of  the  stroke.  During  the  return- 
stroke,  the  gaseous  products  are  exhausted  into  the  atmosphere ;  whilst  the 
explosive  action  takes  place  on  the  other  face  of  the  piston.  The  heat  of 
the  cylinder  is  reduced  by  a  continuous  current  of  cold  water  applied  on 
the  outside. 

In  the  first  engine,  the  cylinder  was  7.  i  inches  in  diameter,  with  a  stroke 
of  4  inches.  The  mixture  of  gas  and  air  was  cut  off  at  half-stroke,  and  the 
maximum  absolute  pressure  in  the  cylinder  was  a  little  less  than  6  atmo- 
spheres. The  average  speed  of  the  engine  was  129  turns  per  minute,  giv- 
ing a  speed  of  piston  of  153  feet  per  minute.  The  power  measured  by  the 
brake  was  .57  horse-power,  and  the  quantity  of  gas  consumed  amounted  to 
112  cubic  feet  per  brake  horse-power  per  hour.     The  gas  and  air  were 

^  AnnaL's  du  Conservatoire  des  Arts  et  Mtiiers^  vol.  i.,  1861,  page  S94. 
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mixed  in  the  proportions  of  i  to  10.  Fifty-three  per  cent  of  the  heat  gener- 
ated in  the  cylinder  was  carried  off  by  the  water  outside.  The  combustion 
of  the  gases  was  very  nearly  complete. 

For  the  second  trial,  the  engine  had  a  cylinder  9^  inches  in  diameter, 
with  a  stroke  of  4^  inches.  The  weight  of  the  engine  complete  was 
i4cwts.  The  speed  of  the  engine  was  100  turns  per  minute,  giving  158  feet 
of  piston  per  minute.  The  period  of  admission  was  a  little  more  than  half- 
stroke,  and  the  maximum  absolute  pressure  was  5.36  atmospheres.  The 
quantity  of  gas  consumed  amounted  to  97  cubic  feet  per  brake  horse-power 
per  hour;  the  power  developed  at  the  brake  being  about  i  horse-po>ver. 
The  gas  and  air  were  mixed  in  the  proportion  of  i  to  1 1 J^ ;  and  the  volume 
of  gas  admitted  for  each  stroke  was  24^  cubic  inches,  the  heat  of  combus- 
tion of  which  is,  according  to  M.  Tresca,  96  English  units.  It  is  not  sur- 
prising that  the  temperature  and  the  pressure  after  explosion,  are  lowered, 
as  is  shown  by  diagrams,  almost  instantaneously  by  contact  with  the  metal; 
and  it  is  for  this  reason,  probably,  that  the  stroke  is  made  so  short  in  pro- 
portion to  the  diameter.  The  quantity  of  water  consumed  for  cooling  the 
cylinder  amounted  to  4}^  cubic  feet  per  horse-power  per  hour,  the  temper- 
ature being  raised  140°  F. 

M.  Tresca  has  estimated  the  distribution  of  the  heat  generated  in  the 
cylinder  as  follows : — 

Heat  carried  off  by  the  water  and  the  products  of  combustion,  69  per  cent 

Heat  converted  into  work  at  the  brake, 4        „ 

Losses,  not  estimated, 27        „ 

100 

The  net  efficiency  at  the  brake  is  thus  taken  as  4  per  cent 

Hugon's  Gas-Engine. 

An  engine  of  this  class  was  tested  by  M.  Tresca.^  The  cylinder  was 
13  inches  in  diameter,  with  12.7  inches  of  stroke,  vertical,  having  the 
crank-shaft  and  fly-wheel  overhead.  The  gas-jets  were  supplied  by  a 
small  bellows  worked  by  an  eccentric  from  the  shafl,  at  a  pressure  of 
28  inches  of  water.  The  explosive  mixture  consisted  of  one  volume  of  gas 
and  13.9  volumes  of  air: — in  which  the  air  was  considerably  in  excess  of 
that  which  suffices,  by  ordinary  experiment,  to  convert  all  the  gas  into 
carbonic  acid  and  vapour.  For  this  purpose,  M.  Payen  found  that  a 
mixture  in  the  proportions  of  i  and  4j^  was  sufficient  The  great  excess 
of  air  employed  in  Hugon's  engine,  was  probably  necessary  for  effecting 
immediate  combustion.  Water  is  injected  into  the  cylinder,  and,  being 
evaporated,  cools  it  and  lubricates  it.  The  cylinder  is  also  cooled  externally 
by  cold  water. 

The  volume  of  the  mixture  admitted  for  each  stroke  was  .419  cubic  foot 
for  43  per  cent  of  the  stroke,  equivalent  to  2662  cubic  feet  per  hour.  The 
engine  made  53.01  tums  per  minute,  giving  a  speed  of  piston  of  112  feet 
per  minute.  The  maximum  pressure  in  the  cylinder  was  about  60  lbs.  per 
square  inch  above  the  atmosphere,  and  the  effective  ^  mean  pressure  was 

*  AnnaJes  du  Conservatoire  des  Arts  et  MHiers^  vol.  viL,  1866,  page  69. 
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9.06  lbs.  per  square  inch,  developing  3.55  indicator  horse-power;  whilst 
the  j)ONver  at  the  brake  was  2.07  horse-power,  or  58  per  cent  of  the  indi- 
cator horse-poNver. 

Cubic  Feet  per  Hour.  Per  I.H.P.  Pfer  B.H.P. 

culnc  feet.  culnc  fccL 

Net  gas  consumed  (at  work), 179  50.40  86.43 

Gas  consumed  for  lighting, 9.33  2.60  4.50 


Total  gas  consumed, 188.33  53.00  9a93 

M.  Tresca  forms  an  estimate  of  the  distribution  of  the  heat  of  combustion 
of  the  gas.  In  5  hours,  the  duration  of  the  trial,  a  volume  equal  to  26.631 
cubic  metres  of  gas  was  consumed;  it  is  assumed  that  the  weight  of  i  cubic 
metre  is  i  kilogramme,  of  which  the  heating  power  is  6000  French  units. 
Whence  the  total  heating  power  developed  was  159,786  units.  The  water  in- 
jected into  and  evaporated  in  the  cylinder  was  58.2  kilogrammes  (25.61bs.  per 
hour),  for  which  (58.2  x  650  =  )  37,830  French  units  of  heat  were  expended 
Externally,  1 286  kilogrammes  of  water  was  heated  from  19®  to  44"  C,  through 
25°  C;  and  1286  x  25  =  32,150  French  units  absorbed.  The  heat  carried  off 
by  the  products  of  combustion,  376.6  cubic  metres,  escaping  at  186"  C, 
taking  the  specific  heat  at  .25,  was  equal  to  (376.6  x  186  x  .25  =  )  I7,5i2unit& 
The  heat  converted  into  work  at  the  brake,  where  155.43  kilogrammetres  of 

work  was  developed  per  second,  was  (-loiz^J! !L5  =  )  6^S^  units: 

425 
the  divisor  425  being  used  as  the  mechanical  equivalent  of  heat  in  French 

measures. 

Distribution  ok  thb  Heat.  French  units  or  Hbat. 

1.  By  evaporation  of  water  in  the  cylinder, 37,830 

2.  In  circulating  water, 32,150 

3.  In  escaping  gases, I7>5" 

4.  In  work  at  the  brake, 6,583     94,074 


5.  Loss  by  radiation  and  conduction, 60,944 


Total  heat  of  combustion, I59>786 

The  heat  equivalent  to  the  work  done  at  the  brake  is  4.1  per  cent  of  the 
total  heat  generated.  The  work  done  in  the  cylinder  is,  as  heat,  equal  to 
7.1  per  cent,  of  the  total  heat.  The  fifth  item  of  distribution  is  the  least 
satisfactorily  defined. 

Otto  and  Langen's  Atmospheric  Gas-Engine — Single-acting. 

In  this  engine,  the  cylinder  is  vertical,  open  to  the  atmosphere  at  the  upper 
end;  it  has  a  "free  piston,"  its  principal  feature,  which  is  impelled  upwards 
against  the  atmosphere,  by  the  explosion  of  gas  below  it.  The  stress  of  the 
explosion  of  gas  is  intense,  but  momentary,  and  the  free  piston  mounts  in- 
stantly and  quickly  against  the  atmospheric  resistance,  whilst  yet  the  explosive 
force  continues.  Thus  the  explosive  force  is  utilized  in  the  most  efficient 
manner,  and  the  power  is  derived  from  the  pressure  of  the  atmosphere,  by 
which  the  piston  is  driven  downwards  against  the  partial  vacuum  formed 
under  the  p\stotv  b^  l\ve  coW^.^^^  ol  ^^  ^j^s^wss.  \f?.<iducts.     To  cool  and 
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ontiact  the  gases,  the  lower  half  and  the  bottom  of  the  cylinder  are 
acketted  with  cold  water.  The  piston-rod  is  formed  as  a  rack,  and  gears 
nto  a  pinion  loose  on  the  fly-wheel  shaft.  The  pinion  turns  loose  with  the 
ack  during  the  ascent,  but,  during  the  descent  it  engages  with  and  turns 
he  shaft  by  means  of  a  friction-clutch,  making  two  revolutions  during  one 
lescent  The  routine  of  the  engine  is  as  follows: — i.  The  piston  is  lifted 
hrough  ^/jjih  of  the  stroke  to  receive  the  charge  of  gas  and  air.  2.  The 
nixture  is  fired  by  a  gas-light  3.  The  piston  makes  the  up-stroke.  4.  The 
)lenum  under  the  piston  becomes  a  vacuum  cf  22  inches  of  mercury,  at 
he  beginning  of  the  down-stroke.  5.  The  down-stroke  is  made  under  an 
iflfective  pressure  of  1 1  lbs.  per  square  inch,  and  the  force  is  transmitted  to 
he  shaft  6.  When  the  piston  arrives  near  to  the  bottom,  the  vacuum 
)ecomes  a  plenum,  by  compression  of  the  gases;  and,  by  the  weight  of  the 
)iston  and  rack,  the  gaseous  products  are  expelled  from  the  cylinder.  The 
ntermittent  motion  is  worked  by  a  tappet  on  the  rack  to  raise  the  piston 
or  the  next  charge. 

According  to  Mr.  Crossley,^  for  a  J^  horse-power  engine,  the  cylinder  is 
5  inches  in  diameter,  with  a  stroke  of  40  inches;  and  the  explosions  are 
nade  at  various  rates  up  to  that  of  30  per  minute.  The  mixture  consists  of 
5  J^  volumes  of  air  to  i  volume  of  coal-gas.  He  takes  the  heating  power  of 
[  lb.  of  coal-gas,  of  density  .40,  at  24,000  units  of  heat;  and,  for  a  con- 
nimption  of  1.05  cubic  feet  of  gas  per  minute,  the  heat  supplied  to  the 
fngine  is  equivalent  to  584,000  foot-pounds,  of  which  70,000  foot-pounds, 
)r  12  per  cent,  is  yielded  at  the  brake.  The  power  at  the  brake  is 
70,000^33,000  =  )  2.12  horse-power,  and  the  consumption  of  gas  is  at  the 
ate  of  (1.05  X  60-1.2.12  = )  30  cubic  feet  per  horse-power  at  the  brake  per 
lour.  From  indicator-diagrams,  it  appears  that,  in  the  down-stroke,  the 
:ffective  pressure  varies  from  1 1  lbs.  per  square  inch  to  zero  at  four-fifths  of 
he  stroke,  averaging  9  lbs.  for  four-fifths,  or  about  7  lbs.  for  the  whole  of 
he  stroke. 

M.  Tresca^  tested  a  6-inch  single-acting  gas-engine,  in  which  the  power 
t  the  brake,  making  81  turns  per  minute,  was  .456  horse-power.  The  gas 
onsumed  per  hour  was — 

Tj     xt'     »  Per  Brake  Horse-power 

Per  Minute.  p^^  Minute 

For  work  in  cylinder, 20.09  cubic  feet  44.06  cubic  feet 

For  inflaming, 2.08        „  4.57        „ 


22.17        »  48.63        „ 

rhe   water-jacket  only  absorbed   800   English  units   of  heat  per  hour. 
A.  Tresca  allows  .a  heating  power  of  only  6000  French  units  per  cubic 

netre  of  coal-gas,  equivalent  to  (6000  x  4  x  -5-  = )  21,000  English  units  per 

35  . 

)ound  of  30  cubic  feet,  in  round  numbers.    The  quantity  of  heat  generated, 

iccording  to  this  allowance,  was,  then,  (2 1,000  x  —  =  )  14,000  units  per 

30 

*  See  a  paper  by  Mr.  F.  W.  Crossley,  on  "  Otto  and  Langen's  Gas- Engine,"  in  the 
^ocMiings  of  the  Institution  of  Mechanical  Engineers^  1875,  P*&^  '9i' 

•  Annates  du  Conservatoire  des  Arts  et  Metiers^  vol.  vii.,  page  628. 
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hour.  The  work  at  the  brake  was  (.456 x 33,000 x6o-f-772  =  )  11 70  units 
per  hour,  which  represents  an  efficiency  of(ii7oxioo-=- 14,000  =  )  8.4  per 
cent 

Mr.  W.  A.  Bradford^  gives  results  of  the  performance  of  a  gas^ngine 
used  by  him,  making  28  strokes  of  the  piston,  and  90  turns  of  the  shaft, 
per  minute,  and  yielding  2.30  horse-power  at  the  brake.  The  quantity  of 
gas  consumed  did  not  amount  to  50  cubic  feet  per  hour,  or  about  22  cubic 
feet  per  brake  horse-power  per  hour. 


FANS    OR    VENTILATORS. 

Common  Centrifugal  Fan. 

The  ordinary  fan  consists  of  a  number  of  blades  fixed  to  arms,  re- 
volving on  a  shaft  at  high  speeds.  It  appears  from  the  results  of  Mr. 
Buckle's  experiments,^  that  when  the  fan  is  revolved  in  its  case  without 
any  air  being  discharged,  the  pressure  generated  at  the  drcumfereuce 
of  the  fan  varies  as  the  square  of  the  velocity  of  the  fan,  and  the 
horse-power  required  to  maintain  the  speed  varies  as  the  cube  of  the 
velocity.  It  further  appears  that  the  pressure  generated  at  the  circum- 
ference is  one-ninth  greater  than  that  which  is  due  to  the  actual  circumfer- 
ential velocity  of  the  fan.     To  express  the  relation  of  the  pressure  and  the 

velocitv  of  an  air-current,  the  height  due  to  the  velocity  is  ^  =  -- ;  ^  is  also 

equal  to  the  height  of  a  column  of  air  equal  in  weight  to  the  pressme. 
The  velocity  due  to  the  pressure  may  thence  be  deduced  by  means  of  the 

ordinar)'  relation  r  =  Sj^  A^ 

Mr.  Buckle  recommends  the  following  proportions  for  fans  of  from  3  to  6 
feet  in  diameter,  and  for  pressures  ranging  from  3  to  6  oz.  per  square 
inch : — 

The  width  and  length  of  the  \-anes  equal  to  one-fourth  of  the  dia- 
meter. 

The  diameter  of  the  inlet  openings  in  the  sides  of  the  fan-chest  equal  to 
half  the  diameter  of  the  fan. 

For  higher  pressures,  of  from  6  to  9  oz.  and  upwards,  Mr.  Buckle 
recommends  that  the  \-anes  should  be  narrower  and  longer,  and  the  inlet 
opening  smaller,  than  are  prescribed  by  the  above  proportions^  He  gives 
the  folio  win  ;j  table  of  dimensions.  The  number  of  blades  mav  be  4  or  6. 
The  case  is  made  of  the  form  of  an  arithmetical  spiral,  widening  ±e  space 
between  the  case  and  the  revohnng  blades,  circumferential ly,  m>m  the 
origin  to  the  opening  for  discharge;  and  it  appears  that  the  upper  edge 
of  the  opening  should  be  level  with  the  lower  side  of  the  sweep  of 
the  fan : — 

'  /iK^'.^'i  Mx/tt2nu\  December  29,  1S76,  page  3S7. 

■  ••  Ew^rrlruents  RelatiTc  to  tbc  Fan-Blast,"  bjr  Mr.  Backle;  Frwcadin^  ef  du  /mxtfit- 
a^m  ^^  M'Xkanuai  En^metrs^  1847. 


FANS  OR   VENTILATORS. 


925 


Table  No.  314. — Dimensions  of   Fans. 

(Mr.  Buckle.) 
Pressure,  from  3  to  6  oz.  per  square  inch. 


Vanes. 

'             1 

Diameter  of 
Fans. 

Width. 

length. 

Inlet  Openings. 

1 

feet,      inches. 

feet       inches. 

feet      inches. 

feeL      inches.     ' 

3        0 
3        6 

0        9 
0      io>i 

0          9 

0      loX 

I         6        ! 
I        9 

4        0 

I        0 

1            0 

2        0 

4        6 

1           iVz 

I            I^ 

2        3 

5  0 

6  0 

I        3 
I        6 

I        3 
I        6 

2  6 

3  0 

Pressure,  from  6  to  9  oz.  per  square  inch,  and 

i  upwards. 

3         0 

3  6 

4  0 
4        6 

0        7 
0        %% 

0        9K 
0      io>^ 

1        0 

I        3^ 
I         4K 

1      0      ; 

;  1  i 

I     9 

5        0 

I        0 

1        6 

2     0 

6       0 

I         2 

1       10 

2     4 

Mine  Ventilators.^ — Guibal's  Fan. 

The  blades  are,  for  the  most  part,  straight;  but  they  cun-ed  fonvards  at 
outer  end.  They  are  fixed  on  polygonal  centres,  and  at  a  considerable 
rkward  inclination — usually  45®, — to  the  radius.  The  wheel  is  closely 
rounded  for  about  two-thirds  of  the  circumference,  by  a  casing  of  brick- 
rk^  for  the  remaining  third,  the  casing  gradually  opens  out  into  the  dis- 
use vent,  which  expands  upwards  as  an  inverted  cone.  By  so  forming 
vent,  the  velocity  of  the  discharged  air  is  reduced,  and  converted  into 
ward  pressure,  by  the  action  of  which  the  velocity  through  the  fan  is  in- 
ased,  and  the  efficiency  is  raised.  A  Guibal  fan,  working  at  Staveley 
lliery,  is  30  feet  in  diameter,  and  10  feet  wide.  It  makes  60  revolutions 
•  minute  in  the  day.     The  following  are  particulars  of  its  performance : — 


Speed,  in 

Turns  per 

Minute. 

Draft  in  Inches 
of  Water. 

Volume  of  Air 

Discharged  per 

Minute. 

Efficiency,  in  parts 

of  the  Gross 

Indicator  Power 

of  the  Engine. 

32 
51 
64 

68 

.70 
1.70 
2.77 
3.10 

cuhtc  feet. 

43,852 
86,283 

101,773 
110,005 

percent. 
40.38 

43.09 
53.27 
53.85 

These  particulars  of  mine-ventilators  are  derived  from  papers  on  "Ventilation  of  Mines," 
Mr.  J.  S.  E.  Swindell,  and  Mr.  W.  Daniel,  in  the  Proceedings  of  the  InstUutioit  0/ 
'hamcal  Engineers^  1869,  1875. 
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The  advantage  of  surrounding  the  fan  by  a  casing,  and  of  adjusting,  by 
means  of  a  sHde,  the  size  of  the  opening  into  the  vent,  is  shown  by  the 
following  results  of  trials  at  a  mine  in  Belgium : — 

Gross  EfBdenqr. 

Without  casing, 22  per  cent 

With  casing, 31       „ 

With  casing  and  expanding  vent, 57       „ 

With  casing  and  expanding  vent,  and  with  (  ^ 

slide  adjusted,.... J  ^^       " 

These  are  the  efficiencies  in  parts  of  "  the  gross  power  supplied  from  the 
boiler."  An  efficiency  of  60  per  cent  is  generally  obtained  by  this  venti- 
lator; equivalent  to  80  per  cent  of  the  net  power  of  the  engine. 

Cook's  Ventilator. 

This  is  a  positive  ventilator,  making  a  given  discharge  for  each  revolu- 
tion. It  consists  of  a  revolving  eccentric  within  a  circular  case,  against 
which  a  flap-valve  is  maintained  constantly  in  contact,  to  separate  the 
entering  current  from  the  outgoing  current.  Two  ventilators  working  at 
Saltburn  have  casings  of  22  feet  in  diameter,  and  11  feet  6  inches  wide; 
the  eccentric  has  a  diameter  equal  to  two-thirds  of  that  of  the  casing, 
and  the  eccentricity  is  one-fourth  of  its  diameter.  The  period  of  inlet  and 
discharge  of  air  is  235°,  or  about  two-thirds  of  a  revolution.  Making  from 
26  to  29  turns  per  minute,  with  a  draught  of  from  i  to  3.25  inches,  the 
efficiency  was  found  to  be  from  58.5  to  64  per  cent  of  the  indicator  horse- 
power. 

Blowing  Engines. 

Blowing  engines  of  recent  design  are  direct-acting,  the  steam-piston  and 
the  air-piston  being  fixed  to  one  rod,  and  the  steam-  and  air-cylinders  in 
line.  There  is  a  pair  of  blowing  cylinders,  each  of  which  is  worked  by  a 
steam-cylinder;  and  the  two  steam-cylinders  are  either  a  pair  or  are 
arranged  as  compound  cylinders.  The  clearance  in  the  air-cylinders 
should  be  reduced  to  the  smallest  practicable  limits.  At  Lackenby  Iron- 
works it  is  only  3  per  cent  at  each  end ;  the  total  area  of  valve-opening  at 
each  end,  for  the  inlet,  is  '/eth  of  the  area  of  the  piston,  and  for  the  oudet, 
J^th.  These  proportions  are  unusually  Hberal.  The  two  air-cylinders  are 
80  inches  in  diameter,  with  54  inches  of  stroke,  having  each  a  capacity  of 
157  cubic  feet  They  make  24  double  strokes  per  minute,  giving  a  spJeed 
of  piston  of  216  feet  per  minute;  190,000  cubic  feet  of  atmospheric  air  are 
supplied  per  ton  of  iron  made,  and  the  supply  is  sufficient  for  the  produc- 
tion of  800  tons  of  iron  per  week.  The  blast-main  is  30  inches  in  diameter, 
and  has  a  capacity  12^  times  the  united  volumes  of  the  cylinders.  The 
pressure  in  the  main  is  4}^  lbs.  per  square  inch  above  the  atmosphere,  and 

it  is  free  from  fluctuations.     The  ratio  of  compression  is  — '■ — -—^=1.3, 

14.7 

and  the  valves,  therefore,  open  to  the  main  when  the  air-piston  has  passed 
through  20  per  cent,  of  the  stroke,  approximately,  allowing  for  clearance; 
whilst  the  air  is  driven  into  the  compressor  during  80  per  cent  of  the  stroke. 
The  clearance  is,  proportionally,  3  x  1.3  =  4  per  cent  of  the  volume  of  com- 
pressed ail ;  and  l\vu^  Ocv^  tfecXwt  Ocsax%^  <iS.  ?ca.>&V:vQi^-  fc»-=^\  c^S  qer  cent 
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of  the  quantity  compressed.  The  steam-cvliuiieni  are  32  and  60  inches  in 
diameter,  and  their  indicator  horse-power  is  290  horse-power;  whilst  that  vi 
the  air-cylinders  is  258  horse-i>ower,  representing  an  ctiiciency  of  89  per 
ccnt.^ 

An  instance  of  very  low  pressure  of  blast  j>roduced  hy  a  MowiiiLi  enjiinc 
is  ^ven  jy  Mr.  Hriggs.  A  pair  of  12-incli  steam-cylinders  <:nvc  (iircciiy  a 
pair  oi  4iJ-inch  ;ur-cylinders,  with  a  stroke  ot  24  incho.  1  ht  bieam-valvts 
cut  orf  at  -"^i^sths,  and  they  have  "negative"'  load  and  ample  co\cr  to  the 
tahaust,  for  the  purpose  of  counteracting  the  expansive  torcc  of  the  com- 
pressed air  left  in  the  clearance.  But  the  clearance  in  the  ;iir-c)Imders  is 
very  considerable:  it  is  equivalent  to  7/2  inches  of  the  .stroke,  or  31 J4  i  cr 
cent.  At  60  double  strokes  per  minute,  when  the  speetl  of  piston  was 
240  feet  [jer  minute:  the  indicator  diagrams  showed  an  average  effective 
pressure  oli  17.8  lbs.  per  square  inch  for  steam,  and  0.8  lbs.  for  air,  repre- 
sentin:^  an  efficiency  of  72  [)er  cent.- 

Iii  French  blowing  engines,  according  to  M.  Claudel,  the  j>roportion  of  the 
air  dischai^ed  is  only  75  per  cent,  of  the  volume  described  by  the  laston. 
The  stroke  is  tisually  equal  to  the  diameter  of  the  air-cylinder,  and  the 
ipeed  of  piston  varies  from  100  to  200  feet  per  minute.  I  he  area  of  the 
inlet- valve  openings  is  from  ''15  to  '  ^^  of  that  of  the  piston  for  speeds  of 
from  roo  to  150  feet  i>er  minute,  and  from  '  ,0  to  ^,j  for  higher  speeds. 
The  outlet  openings  are  from  ^'15  to  '    o  <>f  the  piston,  in  area. 

En  Belgiiun,  Mr.  Cockerell  employs  Woolf  <:>  linders,  with  the  beam,  for 
driving  blowing  engines.  In  one  example,  the  engine  is  of  160  horse- 
power: the  c}'linders  are  2.79  and  3.94  feet  in  diameter,  adapted  for  an 
eq)ansion-ratio  of  10,  at  regular  work,  to  yield  a  pressure  o(  7  inches 
of  merciuy,  or  3  }^  lbs.  per  square  inch.  The  engines  usually  expand  nine 
times,  with  steam  of  4  atmospheres.  The  intermediate  fall  of  pressure 
between  the  first  and  second  cylinders  is  uniform  throughout  the  stroke, 
equal  to  1.5  lbs.  per  stjuare  inch.  The  expansion  curves  are  the  same  a;> 
the  -  theoretical  au:\'e. '  The  efficiency,  by  the  indicator  applied  to  the 
steam-  and  the  air-cylinders,  is  81  per  cent,  ior  a  blast  of  4  lbs.,  and  S^}4 
per  cent,  for  a  blast  of  4^^  lbs.  per  stpiare  inch.^ 

Roots  Rotary  PRFSi?LRE-BLow>R. 

Roots  rotary  blower  is  positive  in  its  action,  ami  conM>ls  of  two  revolvers 
on  parallel  axles,  within  a  dose-titting  case,  rectangular  in  section,  with 
semicircular  ends.  The  revolvers  consist  each  of  two  arms,  formed  with  a 
bulbous  expansion  at  each  end:  and  being  geared  togeth<.r  by  a  pair  of 
spur-wheels  on  their  sliafts,  outside  the  case,  they  necessarily  revolve  at  the 
same  speed;  and  they  work  together  in  such  a  manner  that  the  ends  of  the 
arms  of  one  revolver  enter  or  jiear  into  the  middle  of  the  other  revolver. 
Being  very  correcdy  fitted,  litde  air  is  allowed  to  escape  between  the 
revolvers,  or  between  them  ami  the  casing.  By  their  harmonious  revolu- 
tions, one  being  horizontal  whilst  the  other  is  vertical,  die  spaces  below  and 
above  the  revolvers  are  alternately  contracted  and  enlarged   in  such  an 

*  "Blowing  Engines  at  Lackenby  Iron  works'*  by  A.  C.  HilL  S<x  /*rotti*iitt^J  oj  the 
Institution  of  Mahanical  Enirineers,  1871,  1S72- 

*  Journal  of  the  Franldin  Institute,  March.  1876. 

*  PoriefeuilU  de  JoJkn  Cackerdl^  1876,  voL  iii 
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order  that  whilst  air  is  drawn  into  the  case  at  the  lower  side,  it  is  expelled 
at  the  upper  side.  Four  discharges  of  air  are  thus  performed  for  each 
revolution  of  the  machine,  and  a  steady  current  is  maintained. 

For  blowing  air,  these  machines  are  made  by  Messrs.  Thwaites  &  Carbutt, 
of  from  ^  to  14  nominal  horse-power,  to  supply  from  150  to  10,800  cubic 
feet  of  air  per  minute,  from  delivery  orifices  of  from  2]/^  to  19  inches  in 
diameter.  According  to  the  results  of  tests  made  by  a  committee  of 
engineers,  in  the  United  States,  the  efiiciency  of  the  blowers  amounted  to 
from  65  to  80  per  cent  of  the  horse-power  exp>ended  and  applied  to  the 
machine. 

As  mine- ventilators.  Root's  blowers  are  constructed  with  revolvers  of 
from  3  feet  lo)^  inches  to  25  feet  in  diameter,  and  3  feet  2  inches  to 

13  feet  wide,  making  from  280  to  40  revolutions  per  minute,  deHveringa 
volume  of  air  of  from  45  to  5000  cubic  feet  per  turn,  or  from  12,500  to 
200,000  cubic  feet  per  minute.  The  effective  power  expended  in  delivering 
these  volumes  of  air,  for  an  exhaustion  at  a  6-inch  water-column,  is,  by 
formula  ( 14  ),  page  896,  from  15.5  to  189  horse-power,  and  the  dimensions 
of  cylinder  for  a  non-condensing  engine  to  drive  the  ventilators,  vary  fiiom 

14  inches  diameter  with  18  inches  stroke,  to  28  inches  diameter  with 
48  inches  stroke. 


FLOW  OF  WATER. 


FLOW   OF   WATER  THROUGH    ORIFICES. 
The  fundamental  formula  for  the  flow  of  water  by  the  action  of  gravity  is 


v^ZaJ  h    (i) 

V  =  the  velocity  in  feet  per  second. 

h  =  the  height  in  feet  through  which  it  freely  falls. 

This  is  the  basic  formula  (  6 ),  for  the  action  of  gravity,  page  279. 

The  quantity  of  water  delivered  per  second,  through  an  orifice  in  the 
side  of  a  vessel,  supposing  that  there  is  no  contraction,  is  expressed  by  the 
formula, — 

Q=8«V^~T" (2) 

Q  =  the  quantity  in  cubic  feet  per  second. 

a  =  the  normal  sectional  area  of  the  orifice  or  the  stream  in  square  feet 

But,  in  effect,  the  quantity  is  less  than  is  here  expressed,  by  reason  of  the 
contraction  of  tiie  outflowing  stream,  and  the  equation  becomes,  for  prac- 
tical use, 

Q^Zmas^l^ (3) 

in  which  ^  is  a  coefficient,  less  than  i,  the  value  of  which  varies  with  the 
conditions  of  the  orifice. 

When  the  water  flows  through  an  orifice  in  a  thin  plate,  the  average  value 
of  m  is  about  .62,  irrespective  of  the  form  of  the  orifice,  and  the  formula 

becomes,  Q=4.96  j  ^  >4   or,  in  round  numbers, 

Q=5^\^  >^r (4) 

in  which  A=the  height  in  feet,  measured  to  the  centre  of  the  orifice. 
With  an  approaching  velocity  7/,  the  general  formula  ( 3  )  becomes 


^  Cl^^ma^ h  +  v"' (5) 

When  adjutages  or  spouts  are  added  to  an  orifice,  the  outflow  is  increased. 
If  an  interna]  tube  be  added,  it  is  diminished.     The  average  values  of  the 
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1  fonnulas  ( 3 )  and  ( 5 ),  are  u 


Value  oflK 

4^ 


coefficient  m,  and  the  product  8 
follows: — 

Fomi  or  AojuTAOt  Fonaulii  i})^^  (sl 

Internal  tube 

Thin  plate  simply, 

Cylinder,  at  least  2  diameters  in  length, 

Converging  cone,  length  =  2;^  diameters, 

Vena  contracta,  length  =  fi  diameter  of  orifice;  [ 

smallest  diameter  =  .78s  diameter  of  orifice,. ..  ( 

Diverging  cone,  length  =9  diameters, 


.46 


1 1.7 


Mr.  J,  F.  Bateman's  Experihekts  at  Godbv  Reservoir,  in  185!.' 

Three  rectangular  openings,  6  inches  deep,  and  6  feet  long,  were  made 

in  boards   2}4   inches  and    5   inches  thick,  to  the  sections  shown  in 

F'gs.  353,     The  forms  of  the  edges,  horizontal  and  vertical,  were  q\i>A- 

rantal,  to  a  radius  of  aj^  inches.      In  No.  i  the  bell-mouth  section  was 


("'«■■  353-— C<^''y  ReM"oLr.— Flow  of  wiler  through  submeiBed  openings  in  boudj.    Sale  ifiUk. 

outwards,  in  No.  s  inwards,  and  in  No.  3  both  outwards  and  inwards.  The 
openings  were  entirely  submerged  on  the  inside,  at  depths  of  from  i  to 
4  feet  to  the  centres  of  the  openings,  and  there  was  a  free  discharge.  The 
following  are  the  values  of  the  coefficient  8  m,  for  formula  (  3  ),  the  coeffi- 
cient for  the  whole  velocity  due  to  the  height  being  expressed  by  8. 

Coefficients  of  Velocity  of  Discharge  (Sm),  in  Formula  (3). 
Deduced  from  the  Results  of  Experimenls  al  Godby  Reservoir. 

Avenue  Coellidenti  {maxiiDum  limit,  6). 
No.  .  No.  1  Nn   , 

a  inchci  thick).  (sS  incha  thick) 


Head. 


3-S 


S-78 
5.66 

5.60 
S.60 

5.60 

S-30 


mitting  the  last,    5.63 


7.04 
7-04 

7.04 


7.60 
7,60 
7.60 
7.80 
7.80 
7.78 
7.30 
6.5  s 
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Thence  the  vahies  of  m  aod  8m  are — 

Ff>u  or  On-xisc  i-<  Boun  Fmnln  j'  and  V. 

Mr  Bau*u.  X-akKoCx.       VihRoTliL 

No.  I.  Quadrantal  outwards, 70  5.6 

No.  2.  „  iDirards, 875  7.0 

No.  3.  „  outwards  and  inwards, 94  7.6 

It  is  seen  that  the  v-alues  of  the  coefficients  were  httle  affected  by  the 
variations  of  head,  except  when  the  head  was  less  than  about  i  foot,  or 
double  the  height  of  the  aperture. 

Mr.  Jaues  Brownlee's  Experiments  on  the  Flow  of  Water  through 
A  Submerged  Nozzle,  Convergest  akd  Divergent,' 

Mr.  Brownlee's  experiments  were  made  with  a  nozzle,  the  sectional 
contour  of  which  may  be  described  as  a  double  tnim pet-mouth.  The 
entrance  was  i^  inches  in  diameter,  and  1^  inches  long,  conrei^g 
to  a  diameter  of  .1^82  inch  at  the  throat;  whence  it  diverged  to  a 
diameter  of  *Vi6  inch  at  the  other  or  discharging  end,  through  a  length 
of  5.95  inches,  which  was  equal  to  thirty  times  the  diameter  of  the  throat. 
Putting  A,  and  A,  for  the  heads  in  feet  of  water  at  the  entrance  to,  and  the 
exit  from,  the  nozzle,  and  v  for  the  velocity  of  the  water  passing  through 
the  throat,  the  generating  head  is  (4,  -  A.),  and  the  relations  of  this  head 
and  the  velocity  are : — 

v=  16.02^ h,-h, (6) 

{'*.-'*,)  =  (^)*'"=^' (7) 

These  formulas  differ  from  the  normal  formula  (  i  ),  in  embodying  the 
1. 61  power  of  the  velocity  instead  of  the  3d  power,  and  they  indicate  that 
the  velocity  of  dischai^e  is  greater  than  that  normally  due  to  the  head. 
The  additional  velocity  is  generated  in  consequence  of  a  vacuous  additional 
pressure  at  the  throat,  the  sum  of  which,  and  the  generating  head  (A,  -  A,), 
is  the  true  head  under  which  the  discharge  takes  place.  The  table  Na 
315  contains,  for  illustration,  a  selection  from  the  experimental  results  of 
Mr.  Brownlee. 

It  appears  that,  under  a  double  generating  head,  the  water  is  driven 
through  the  compound  nozzle,  with  C^"^/  2  -)  1.538  times  the  speed 
for  a  ^ven  generating  head ;  and  that  a  double  velocity  does  not  require 
four  times,  as  by  the  normal  formula,  by  only  (2*-**  = )  3.05  times  the 
pressure. 

Mr.  Brownlee  attributes  the  great  augmentation  of  velocity  of  flow  through 
the  throat  of  the  compound  nozzle,  to  the  great  length  of  the  divergent 
outlet,  comparatively  to  the  diameter  of  the  throat  The  principle  of  the 
acdon  upon  which  the  augmented  flow  is  effected,  is  that  the  velocity  of  the 
outflowing  water  is,  by  the  necessity  of  occupying  the  expanding  capacity  of 

'  Traiuaetmu  «/  Du  ImtiMien  of  EHginim  and  SkiphnUdtrt  in  ScMami,  vol.  xix.. 
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the  nozzle,  rapidly  reduced ;  and  that  a  vacuum  or  reduction  of  back-pres- 
sure is  induced  at  the  throat,  which,  added  to  the  generating  head,  inakes 
up  the  true  head  to  which  the  velocity  is  due. 

Table  No.  315. — Flow  of  Water  through  Compound  or  Double- 
conical  Nozzles  (Mr.  Brownlee's  Experiments). 


The  Heads  are  expressed 

in  feet  of  water. 

True  Head, 
or  Sum 

Velocity 

Generat- 

Vacuum at 

due 

Velocity 

Kxpen- 

Velocity  by 

ing  Head, 
li-A,. 

Throat  of 
Nozzle. 

Generating 

Head  and 

the  Vacuum. 

to  the 

Generating 

Head. 

due  to  the 
True  Head. 

mental 
Velocity. 

Formula 

(6). 

feet. 

feet. 

feet. 

ft.  V  second. 

ft.  V  second. 

ft.  V  second. 

ft  Vsecond.1 

;    25 

.52 

77 

4.01 

7.04 

6.66 

6.77     ' 

.50 

1.3 

1.8 

5.67 

10.76 

10.23 

1042 

75 

2.4 

3.15 

6.95 

14.24 

13.6 

13.39 

I 

3-5 

4.5 

8.02 

17.02 

16.34 

16.02 

2 

8.2 

ia2 

".35 

25.63 

24.74 

24.64 

3 

14.0 

17 

13.9 

33.09 

31.95 

317 

4 

19.8 

23.8 

16.05 

38.84 

37.9 

37.9 

5 

26.0 

31 

17.94 

44.69 

4345 

43.52 

6 

3».i 

37.1 

19.66 

48.88 

48.14 

48.74 

FLOW  OF  WATER  OVER  WASTE-BOARDS,  WEIRS,  &c 

To  find  the  discharge  of  water  over  waste-boards,  &c.,  the  general  for- 
mula is, — 


Q=  3  '"V  2.C  (H^/   H     -/V   -i   )  (8) 

Q=the  quantity  in  cubic  feet  discharged  per  second. 
w  =  a  coeflficicnt. 

/=  the  width  of  the  notch  or  overflow,  in  feet 
H  =  the  height  in  feet  of  still-water  above  the  edge  of  the  notch  or  board. 

A  -  the  height  in  feet  of  still-water,  above  the  level  of  the  water  ar  it  flows 
over  the  board. 

When  the  coefficient  ///  =  .62,  the  equation  becomes,  by . reduction. 


Q  =  3.3'^(H\/H   -V    ^   )  (9) 


FLOW  OF  WATER  IN  CHANNELS,  PIPES,  AND  RIVERS. 

The  friction  of  fluids  upon  solid  surfaces  is  independent  of  the  pressure. 
It  is  proportional  to  the  area  of  the  surface,  or  to  the  area  of  the  sides  and 
bottom  direcdy,  and  to  the  volume  of  moving  water  inversely;  or,  in  brief, 
it  is  as  the  length  of  the  contour  or  wetted  perimeter  of  the  conduit,  r. 
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divided  by  the  sectional  area  tf,  of  the  current,  or  to  -^ .    It  is  proportional 

a 

to  the  square  of  the  velocity  nearly,  or  to  mv'.    The  accelerating  force 

is  equal  to  -7  xg,  in  which  A  is  the  height,  /  the  length  of  the  slope  of  the 

.  Ac 

channel,  and  g  is  gravity,  or  32.2.     Then,  ^ x  -y  =—  x mv';  and, 

v=  ^ mgx—x-j- (  10) 

The  quotient  —  is  the  hydraulic  mean  depth,  or  mean  radius,  and  the 

velocity  is  proportional  to  ^  — . 

Mr.  Downing  deduces  from  experiment  on  the  flow  of  water  in  pipes, 
the  formula, — 

Velocity  of  water  in  a  channel  or  pipe. 

r~h    ^  rii    ^  ,    V 

^=  \/  -T-^  —  X  10,000=  100 A/  — ;-x  — ( II  ) 

^     I       c  ^     I        c 

In  pipes,  —  =  — ;  and,  when  pipes  are  filled  with  the  flowing  water,  the 

^       4 
formula  (11)  becomes,  by  substitution, 

Velocity  of  water  in  a  full  pipe. 


^  =  So\/-7 


^  xd (12) 


v  =  the  velocity,  in  feet  per  second. 
h  —  the  head,  in  feet 

/=the  length,  in  feet 
d-  the  diameter,  in  feet 

f  =the  wetted  perimeter,  in  feet. 

tf  =  the  sectional  area  of  the  current,  in  square  feet 

Q=the  quantity  of  water  discharged,  in  cubic  feet  per  second. 

D=  -  =the  hydraulic  mean  depth. 

c 

/=the  fall,  in  feet  per  mile. 

The  formula  ( 12 )  is  nearly  identical  with  the  formula  employed  by 
Mr.  Hawksley,  for  the  flow  of  water  in  a  smooth  pipe  of  small  and  uniform 
diameter: —  

v^^%sj^xd (13) 

Quantity  of  water  discharged  by  a  channel  or  a  pipe. 
Q=rioo<f  >y/Ax— =  iootf/y/-^xD {14) 
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When  the  pipe  runs  full  under  pressure,  Q  =  .7854  </»x  50/y/-— ;  from 
which  Mr.  Downing  deduces  the  formulas : — 

Quantity  discharged  through  a  pipe  running fuii  underpressure, 

(Ciibic  feet  per  second)   Q=  39.27  ^ —..y.d^ (15) 

(Cubic  feet  per  minute)   0=2356    >y/_x^5 (i5) 

(Cubu:  feet  per  minute     q^  /^ ^^ 

and^mmches )   ^       ^'  J__ 

^^s^^:^  Q=  -^^5  v^. (.8) 

^^S/a^Tot.^!')    Q=  ^^°3  s/'^ (.9) 

(Gallons    per    hour      q_    ^^^^       /^ ^^^^ 

//and /as  above....)    ^  ^      / 

Mr.  Downing  further  deduces  from  formula  (  n  ), 

(Feet  per  second )    v=^   -92  ^/ ^/^ (  *' ) 

(Feet  per  minute )    7'=     55  aJ  2/D (  22  ) 

The  average  velocity  in  an  open  channel  is  about  V  5  ths  of  the  maximum 
velocity,  which  is  usually  attained  at  the  centre,  near  the  surface.^ 

Limits  of  Velocity  at  the  Bottom  of  a  Channel, 
Mr.  Beardmore  gives  the  limits  of  velocity  at  the  bottom,  thus : — 

30  feet  per  minute  does  not  disturb  clay,  with  sand  and  stones. 

40  do.  do.     moves  coarse  sand. 

60  do.  do.     moves  fine  gravel,  size  of  peas. 

120  do.  do.     moves  i-inch  rounded  pebbles. 

180  do.  do.     moves  angular  stones,  about  i^  inches  in  diameter. 

Cast-Iron  W'ater-Pipes. 

Water-pipes  are  made  to  resist  incidental  stress,  in  addition  to  the  normal 
stress  by  internal  pressure.  The  proper  thickness  of  cast-iron  pipes  has 
been  expressed  by  numerous  empirical  formulas,  widely  divergent.  The 
following  simple  formula  is  here  deduced  from  Mr.  Bateman*s  practice. 

In  sixteenths  of  an  inch,... /=    4  +  ^ — (23) 

600 

TJ     J 

In  inches  and  decimals,...  /=  .25 +  -7—  (  24) 

9600 

Do.  do /=.25-H--^ — (25) 

4250 

*  See  Mr.  Downing*s  work,  **  Elements  of  Practical  Hydraulics,"  from  which  the  above 
formulas  have  been  derived. 
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/=the  tfrirfcrawtt  of  the  pipe^in  inchff?  and  decimals^  or  in.  satsenths  of 

an  mch. 
H  =  the  bead  of  pressure,  in  feet  of  water. 
f  =  the  Ulterior  pressure*  in  pounds  per  square  inch. 
d—  the  insuie  diameter  of  the  pipe^  in  inches. 

NaU. — The  pressure  in  Ibsw  per  square  cnch^  is  equal  to  the  product  of  the 
head  in  feet  of  water,  by  445 

Mr.  Hawksle]r  s  formula,  for  the  thickness  of  pipes  onder  pressure^  is» — 

f=L£if+c (rf) 

zs 

/  s  thickness,  F  =  £ictor  of  strength,  /  =  pressure*  d-  diameter,  r  =  t&nale 
strength  of  material,  C  =  a  practical  constant  correction  for  imperfectums  ot 
process,  method,  and  workmanship* 

For  the  nsoal  head  of  300  feet  of  water,  fbrmnia  (  74 )  becomes^ — 

in  inches /=.25  +  — (  27) 

„      or  /=.25  +  .o3i/. (2S) 

The  following  are  special  divisors  and  muItipHers  to  be  employed  in 
fonnulas  (  27  )  and  (  2S  )  for  Tarioos  heads: — 

HcadisFeee.  DtTiaar  ia  .2^.  BfnftipfiiKr  in  a8^.  in  lbs.  par 


Square  Inch. 

ICO    96       ^104    44.3  Ib& 

150      64         016         66.5    ^ 

43  J02I         8S.6    ^ 

rt 

400    24       .op      t77jr  ^ 


250    38        J026       tta7 

32        .031       133.9 


350  27  ^'ST  t3>o 

400  24  JQ42  177.^ 

500  19  JD52  22t.5 

750  ly  ^8  333J5 

looo  9^^  -— 104  41^0 


Sockd-€nd, — For  a  scries  of  water-pipes  cast  at  Woodside  Iioowoi^Sv  it 
is  calculated,  from  the  sections,  that  the  eqniTalent  length  of  ptpe^  of  eqistl! 
weight,  for  a  socket-end,  varies  ^m  7.2  inches  for  2S-inch  pipes^  to  3^6 
inches  for  24-inch  pipes.  Hence  the  formnla  for  the  eqoivaliaDC  bngdi  of 
pipe  for  the  socket  for  anj  diameter: — 

Eqnnraknt  length  in  inches,  =  7H ...^....  (29:) 

„  „       infeet,    --6  +  ^'- -(3^) 

in  which  i  is  the  diameter  of  the  pipe  in  inches 

The  table  Na  316  gives  the  thickness  and  die  weq^  of  dstKcoit  wam^ 
pipes  of  given  diameters  for  a  working  head  of  300  feet  of  wacec  or  ejj  Ib& 
per  square  inch.  The  bursting  strengths*  taking  the  nkisittte  tteostle  resist- 
ance of  the  metal  at  7  tons  per  square  inch,  and  dbe  ifectxxs  of  satecn  are 
given  in  die  last  two  columns. 
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Table  Na  3 1 6. — Cast-Iro»  Pipes  : — Thickniss,  Weight,  and  Stremctb. 


fKU»d 

Thkkaeu 

^~« 

iL'V^ffS'o  ^ 

C! 

Wri»hl  of. 

Burning 

wAootdOD 
CdIiubh  J. 

t^^a 

DiMMICr. 

by  Formuli 

an  [nch. 

xka. 

^  of  Pip.* 

1^ 

incho. 

Lncha. 

whole 

pOUDdl 

fecL 

cwu. 

■b. 

UBC 

3 

-31 

V.6 

7.09 

6d 

(6  ft.)  .418 

4900 

^        \ 

J^ 

-33 

H 

10.6 

61 

{6  ft)  .625 

39"> 

30 

3 

■3S 

>i 

12.4 

61 

1.06 

3920 

3°     1 

4 

■375 

H 

16.1 

62 

1.38 

2940 

33      1 

5 

41 

7/,6 

234 

^3 

1744 

6 

■4S 

J/.6 

27^7 

63 

2.38 

2290 

>7 

7 

■47 

>i 

36.8 

64 

3-'7 

2240 

'7 

8 

■50 

>i 

41  ■? 

64 

3-59 

i960 

'5 

9 

■S3 

5/.6 

52.8 

65 

4-55 

i960 

]$ 

■S6 

9h6 

58.3 

66 

5^03 

1764 

'3 

■59 

91,6 

63-9 

66 

1:1; 

.604 

12 

,62 

H 

77.5 

67 

\\u 

■3 

.65 

H 

83.6 

67 

7,2a 

14 

.70 

"hi 

99.1 

68 

8.56 

IS4D 

11 

'S 

■7" 

"h6 

105.9 

68 

9-'S 

1440 

II 

16 

■75 

H 

l.IO 

69 

10.66 

1470 

11 

18 

.Si 

n/,6 

'■43 

70 

"3-87 

1415 

10.6 

20 

■87 

^ 

1.60 

71 

1554 

1372 

10.3 

■90 

}i 

1.68 

72 

i6^33 

1307 

14 

■99 

1.91 

73 

.8.58 

1307 

37 

1.09 

1  '1,6 

J.61 

75 

25-45 

1234 

9-3 

30 

i.iS 

1   3/,S 

3^34 

77 

31.65 

1241 

93 

33 

1.27 

'^ 

3-75 

78 

36.67 

1190 

8.9 

36 

1.36 

l*t 

4-50 

80 

44,10 

1198 

8.9 

39 

MS 

1   j/.fi 

82 

50.18 

1.56 

8.7 

42 

'■SS 

iV.« 

5-98 

83 

58^78 

1.67 

8.8 

tl 

..6s 

'H 

6.67 

85 

65.70 

"33 

8.5 

T.74 

■«■ 

7-63 

87 

7S.3' 

1143 

8.6 

Manga.— 
fpanitnl  lo  thai  of  a  lineal  foot  of  pipe  ;- 

Gas-pipes. — Mr.  Thomas   Box  gives  the  following  thickness  for  gis- 
pipes:'— 

Table  No.  317. — Thickness  of  Cast-Iron  Gas-Pipes. 


maiaa. 

™.>.... 

u^.. 

ThicVnHS. 

DiMKttT. 

ThicknBi 

DiameUT. 

! 

inchs. 

inch... 

inches. 

iochs. 

inch... 

inch«. 

inclH. 

incho. 

IJi 

.27 

1 

.46 

24 

■64 

-19 

-49 

■69 

-3 

7 

41 

15 

-53 

36 

■75 

3 

■31 

-43 

■  57 

4 

-35 

9 

45 

21 

'  Practical  Hydraulict,  1867. 


WATER-WHEELS. 


The  work  of  water-idieels  is  done  by  tiie  force  of  gravity  acting  on 
water.  The  total  work  in  a  faB  of  water  is  expressed  by  &e  product  of  the 
weight  of  water,  zr,  and  the  height  of  the  fall,  h;  or  by  sr  A,-  and,  in  order 
that  the  whole  of  this  work  should  be  realized  by  the  wheel,  the  water  must 
enter  the  machine  without  shock,  and  leave  it  without  velocity.  But  there 
is,  unavoidably,  a  residual  vdodty  v\  and  the  loss  of  work  due  to  this 

velocity,  is  w =  wh\  in  which  h*  is  the  head  due  to  the  residual 

.  ^^ 

velocity.     The  part  of  the  head  eiq)ended  in  effective  work,  and  upon 

internal  resistances,  is  therefore  h-K-h-w—. 

There  are  two  classes  (A  wheels ; — ^first,  those  which  turn  on  a  horizontal 
axis;  second,  those  which  turn  on  a  vertical  axis. 


WHEELS    ON    A    HORIZONTAL    AXIS. 

Undershot-Wheels,  with  Radial  Floats  or  Buckets. 

These  are  constructed  from  lo  to  25  feet  in  diameter;  the  floats  are  from 
14  to  16  inches  apart  at  the  circumference,  and  from  24  to  28  inches  deep. 
Putting  V  and  v'  for  the  initial  and  final  velocities  of  the  water,  which  flows 
under  the  wheel,  v*  is  sensibly  equal  to  the  velocity  of  the  middle  of  the 

float,  and  the  maximum  effect  is  obtainable  when  v'  =  —,  when  the  effici* 

2 

ency  is  50  per  cent  Smeaton  tried  velocities  v'  of  from  .342'  to  .52  r, 
mean  .43  v,  and  obtained  an  efficiency,  with  models,  of  from  29  to  35, 
mean  33  per  cent  By  the  best  modem  experiments,  the  efficiency  is 
usually  from  27  to  30  per  cent  Elxperimentally,  40  per  cent  is  the  maxi- 
mum. Probably,  it  cannot  be  exceeded,  because  the  final  velocity  of  the 
water  is  not  reduced  to  y^v, 

Poncelet's  Undershot-Wheel. 

The  floats  are  curved, — usually  a  portion  of  a  circle, — and  so  placed 
that  the  hollow  of  the  curve  is  presented  to  the  entering  water,  the  edge 
of  the  float  being  set  at  an  angle  of  30**  to  the  circumference  of  the  wheel 
There  are  36  floats  in  wheels  of  from  10  to  13  feet  in  diameter,  and  48 
floats  for  diameters  of  from  20  to  23  feet  If  the  water  could  enter  the 
wheel  without  shock,  tangentially  to  the  floats,  the  velocity  of  the  floats 
being  half  the  velocity  of  the  water,  the  water  would  ascend  the  float, 
and  would  then  descend  by  the  force  of  gravity,  and  drop  into  the  tail-race 


938  WATER-WHEELS. 

with  a  final  forward  velocity  =  o.  The  efficiency,  under  these  circumstances, 
would  be  I  GO  per  cent.  But  the  conditions  of  practice  do  not  admit  of  a 
tangential  entrance,  and  the  efficiency  is  not  more  than  65  per  cent  for 
falls  of  4  feet  and  less,  60  per  cent  for  falls  of  from  4  feet  3  inches  to 
5  feet,  and  from  55  to  50  per  cent  for  falls  of  from  6  feet  to  6}i  feet 
These  efficiencies  are  materially  greater  than  that  of  the  undershot-wheels 
with  radial  floats;  and  the  expenence  of  the  Poncelet-float  conspicuously 
demonstrates  the  essential  importance  of  providing  graduated  entrances,  and 
avoiding  shocks,  concussions,  or  eddies  in  the  water.  The  most  favourable 
ratio  of  the  velocity  of  the  floats  to  that  of  the  water,  is  55  per  cent  The 
distance  between  the  inner  and  outer  circumferences  that  limit  the  floats 
should  be  at  least  a  fourth  of  the  head;  Poncelet  advises  a  third  of  the 
head. 

Paddle-Wheel  in  an  Open  Current. 

Experience  indicates  that  the  most  suitable  ratio  of  the  velocity  of  the 
floats  to  that  of  the  current  is  40  per  cent  The  depth  of  the  floats  should 
be  from  ^th  to  '/s^  o^  ^^^  radius;  it  should  not  be  less  than  12  or 
14  inches.  The  diameter  is  usually  from  13  to  i6j4  feet,  with  12  floats; 
but  it  is  thought  that  there  might  be  an  advantage  in  applying  18  or  even 
24  floats.  The  floats  should  be  completely  submerged  at  the  lower  side, 
but  not  more  than  2  inches  under  water. 

Breast-Wheel. 

This  wheel  receives  the  water  at  a  level  a  little  below  that  of  the  axis.  In 
practice,  the  efficiency  is  70  per  cent  when  the  height  of  the  fall  approaches 
8  feet,  and  50  per  cent  for  a  fall  of  4  feet  For  a  well  constructed  wheel, 
slow-moving,  M.  Morin  found  an  exceptional  efficiency  of  93  per  cent 

Sir  William  Fairbaim  states  that  the  efficiency  of  high  breast-wheels  is 
75  per  cent,  moving  at  the  rate  of  5  feet  per  second  at  the  periphery.  The 
usual  velocity  adopted  by  him  for  high  and  low  falls,  was  from  4  to  6  feet 
per  second;  for  a  minimum  velocity,  3  feet  6  inches  per  second,  for  falls 
of  from  40  to  45  feet;  for  a  maximum  velocity,  7  feet  per  second,  for  falls 
of  5  or  6  feet 

The  water  should  be  delivered  to  the  wheel  at  a  low  velocity;  or,  if  the 
velocity  is  considerable,  the  delivery  should  be  at  a  tangent  to  the  edge  of 
the  float.  The  most  suitable  velocity  of  the  floats  is  4^  feet  per  second; 
the  velocity  should  not  exceed  the  limits  of  from  3  to  6  j^  feet  per  second. 
The  depth  of  water  over  the  sliding  gate  should  be  from  8  to  10  inches, 
measured  from  still  water.  The  diameter  should  be  at  least  11^  feet;  it 
is  seldom  more  than  from* 20  to  23  feet  These  diameters  are  suitable  for 
falls  of  from  3  to  6  or  even  8  feet  The  distance  apart  of  the  floats  should 
be  I  ^  to  I  ^  times  the  head  over  the  gate,  for  slow  wheels;  for  quick  wheels, 
a  little  more.  The  depth  of  the  floats  should  be  a  little  more  than  2.3  feet 
Normally,  the  interior  capacity  between  two  floats  should  be  nearly  double 
the  volume  of  the  water  there. 

Overshot-Wheel. 

The  water  is  delivered  nearly  at  the  top  of  the  wheel.  The  chief  causes 
of  loss  of  head  are,  first,  the  relative  velocity  of  the  water  when  it  enters 
the  wheel,  and  the  velocity  which  it  possesses  at  the  moment  it  falls  to 
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the  level  of  the  tail-race.  Such  wheels  answer  well  for  heads  of  from 
13  to  30  feet  For  heads  of  less  than  10  feei,  breast-wheels  are  preferred. 
The  velocity  of  the  floats  should  not  be  less  ihan  3  feel  per  st^cond ;  it  roay 
be6^  feet  per  second  for  small  wheels,  and  10  feet  for  larger  wheels,  without 
sensibly  affecting  the  efficiency.  The  efficiency  al  a  low  speed  may  rise  to 
80  per  cenL;  but  ordinaiilj',  with  velocities  of  from  3  to  6J^  feet,  the  effi- 
ciency varies  from  70  to  75  per  cent  At  higher  speeds,  and  when  the 
buckets  are  more  than  two-thirds  filled,  the  efficiency  is  only  60  per  cent 
For  wheels  emplo)ed  in  dri\-ing  hammers,  of  from  10  to  13  feet  in  diameter, 
having  a  velocity  of  from  13  to  16  feel  per  second,  the  efticiencj-  occasion- 
ally ffdls  to  37  i>er  cent.  This  low  efficiencj-  is  due  to  the  impetuosity  of 
the  fail  of  the  water  into  the  quick-moiing  buckets,  whence  the  wat^  is 
thrown  out,  partly  bj-  reaction,  partly  by  centrifugal  fiwce.  The  capacitj- 
of  the  buckets  should  be  three  times  the  volume  of  the  charge  of  water; 
they  may  be  10  or  11  inches  deep,  and  12  or  14  inches  apart.  With  a 
velocity  of  4  feet  per  second,  i  cubic  foot  of  water  per  foot  of  breadth  of 
the  wheel,  may  be  consumed  per  second.  The  stream,  as  it  leaves  the 
gate,  is  rarely  more  than  4  or  5  inches  deep ;  it  is  often  less  than  a  inches 
deep. 


WHEELS  ON  A  VERTICAL  AXIS. 
Tl-b-Wheei. 
The  old-fk^iotted  spoon-wheel  or  tub-idieel,  consists  of  a  number  of 
paddles  fixed  on  a  vertical  axis,  revolving  within  a.  cylindrical  well  of 
masonry,  with  very  litde  clearance.  The  paddles  are  slightly  concave, 
aod  are  struck  in  the  hollow  side  by  a  horizontal  current  from  a  reservoir 
at  a  considerable  head;  the  current  enters  the  well  tangentially,  and,  after 
having  expended  its  force,  it  fails  between  the  open  paddies  to  the  bottom 
of  the  well.  The  maximum  efficiencj'  is  calculated  to  be  that  due  to  a 
velocity  of  the  centre  of  the  paddles,  when  they  are  struck,  equal  to  one- 
third  of  the  velocity  of  the  current;  and  the  efliciency  is  30  per  cent  In 
practice,  the  efficiency  varies  from  15  to  40  per  cent 

Whitelaw's  Water-Miu- 
Mr.  James  Whitelaw,  of  Paisley,  developed  the  principle  of  Barker's  mill, 
and  pioduccd  an  efficient  motor.  Barker's  mill  consisted  of  two  hollow 
radial  arms  revolving  on  a  central  pipe,  through  which  water  under  pressure 
passed  to  the  extremities  of  the  aims,  and  was  ejected  through  an  orifice 
at  the  end  of  each  arm,  in  an  opposite  direction;  and  so  producing  rotatoi}' 
motion.  In  Whitelaw's  mill,  the  arms  taper  from  the  centre  towards  the  cir- 
cumference, and  they  are  curved  in  such  a  manner  as  to  allow  the  water  to 
pass  from  the  central  openings  to  the  orifices,  in  directions  nearly  straight 
and  radial,  when  the  machine  runs  at  its  proper  speed;  so  that  very 
little  centrifugal  force  is  imparted  to  the  water  by  the  revolution  of  the 
arms,  and  that,  therefore,  a  minimum  of  frictional  resistance  is  opposed 
to  the  motion  of  the  water.  A  model,  r  5  inches  in  diameter,  measured  to 
the  centres  of  the  orifices,  with  a  central  opening  6  inches  in  diameter,  and 
two  orifices  of  discharge,  each  2.4  inches  by  0.6  inch, — was  tested  uiKJo- 
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a  head  of  lo  feet,  making  387  revolutions  per  minute.  The  efficiency 
amounted  to  73.6  per  cent.  At  324  revolutions,  the  efficiency  was  71  per 
cent.  According  to  the  results  of  tests  of  another  model  mill,  made  by 
competent  engineers,  the  efficiency  amounted  to  76  per  cent,  when  the 
speed  of  the  orifices  was  equal  to  that  due  to  the  height  of  the  fall. 

A  water-mill,  on  Whitelaw*s  system,  9.55  feet  in  diameter,  having  circular 
orifices  4.944  inches  in  diameter,  with  a  fall  of  25  feet,  was  erected  on  the 
Chard  Canal  in  1842,  for  the  purpose  of  hauling  boats  up  an  inclined  plane 
The  net  work  done  by  the  machine  represented  an  efficiency  of  67.3  per 
cent,  with  the  resistance  of  the  gearing  in  addition.  It  was  estimated  that 
the  actual  duty  of  this  mill  amounted  to  75  per  cent^ 

Turbines. 

Turbines,  like  Whitelaw's  mill,  apply  the  force  of  water  by  impact  and 
reaction  combined ;  but  they  comprise  an  additional  feature  not  embodied 
in  Whitelaw's  mill,  the  employment  of  guide-blades  to  change  the  direc- 
tion of  the  water  descending  under  a  head,  so  as  to  cause  it  to  enter 
tangentially  between  the  blades  of  the  wheel.  The  blades  of  the  wheel  are 
so  curved  as  to  receive  the  water  without  shock,  and  to  discharge  it  hori- 
zontally. Turbines  are  of  three  kinds; — outward  flow,  downward  flow,  and 
inward  flow. 

Outward-Flow  Turbines. 

Fourneyron  Turbine. — This  turbine  acts  with  an  outward  flow;  that  is  to 
say,  the  water  enters  from  above  through  a  central  opening,  and  is  guided 
by  curved  blades,  to  be  discharged  laterally  at  the  base  of  a  circular  chamber, 
or  well,  equally  at  all  parts  of  the  circumference,  into  the  buckets  or  curved 
blades  of  the  wheel.  The  wheel  is  annular,  and  closely  surrounds  the 
circular  chamber;  thus  it  receives  the  whole  of  the  water  at  its  maximum 
velocity,  and  it  is  the  function  of  the  curved  blades  to  receive  and  transmit 
the  force  of  the  water,  and  to  discharge  the  water  at  the  outer  circumference 
of  the  wheel,  with  the  least  possible  residual  velocity. 

When  the  supply  of  water  is  insufficient  for  working  the  turbine  at  its 
full  power,  the  exit  openings  from  the  well  are  partially  closed  by  a  cylin- 
drical sluice  which  is  lowered  upon  them  to  the  required  extent 

The  efficiency  is  reduced  in  proportion  as  the  sluice  is  lowered,  for  the 
action  of  the  water  on  the  wheel  is  less  favourably  exerted.  M.  Morin 
tested  a  Fourneyron  turbine,  2  metres,  or  6.56  feet  in  diameter,  and  he 
found  that,  in  this  way,  the  efficiency  varied  from  a  maximum  of  79  per  cent 
to  24  per  cent,  when  the  supply  of  water  was  reduced  to  a  fourth  of  the 
full  supply.  In  practice,  the  radial  length  of  the  buckets  or  floats  of  the 
wheel  is  a  fourth  of  the  radius,  for  falls  not  exceeding  6^4  feet,  three-tenths 
for  falls  of  from  6*^  to  19  feet,  and  two-thirds  for  higher  falls. 

Boyden  Turbine, — Mr.  Boyden,  of  Massachusetts,  designed  an  outflow- 
turbine  of  75  horse-power,  which  realized  an  efficiency  of  88  per  cent  The 
peculiar  features,  as  compared  with  Foumeyron's  turbine,  are,  ist,  and  most 
important,  the  conducting  of  the  water  to  the  turbine  through  a  vertical  trun- 
cated cone,  concentric  with  the  shaft  The  water,  as  it  descends,  acquires  a 
gradually  increasing  velocity,  together  with  a  spiral  movement  in  the  direction 

*  See  Description  of  Whiklaw  <Sr*  Stirrafs  Patent  Water-mill,  1843. 
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of  the  motion  of  the  wheel.  The  spiral  movement  is,  in  fact,  a  continua- 
tion of  the  motion  of  the  water  as  it  enters  the  cone.  2d.  The  guide-plates 
at  the  base  are  inclined,  so  as  to  meet  tangentially  the  approaching  water. 
3d.  A  "  diffuser,"  or  annular  chamber  surrounding  the  wheel,  into  which  the 
water  from  the  wheel  is  discharged.  This  chamber  expands  outwardly, 
and  thus  the  escaping  velocity  of  the  water  is  eased  off  and  reduced  to 
a  fourth  when  the  outside  of  the  diffuser  is  reached.  The  effect  of  the 
dififiiser  is  to  accelerate  the  velocity  of  the  water  through  the  machine;  and  the 
gain  of  efficiency  is  3  per  cent     The  diffuser  must  be  entirely  submerged. 

Rules  for  Outward-Flow  Turbines. 

Lieutenant  F.  A.  Mahan,  U.S.,  has  deduced,  from  the  practice  of  Mr. 
Boyden,  the  following  rules  for  proportioning  outward-flow  turbines.  He 
has  also  deduced  the  formulas  which  follow  from  the  results  of  Mr.  Francis* 
experiments  on  Mr.  Boyden*s  turbines  at  the  Tremont  Mills,  Lowell.^ 

Rides  for  Proportioning  Outward-flow  Turbines. 

For  falls  of  from  5  feet  to  40  feet,  and  diameters  not  less  than  2  feet: — 
ist  The  sum  of  the  shortest  distances  between  the  buckets  should  be 
equal  to  the  diameter  of  the  wheel.  2d.  The  height  of  the  orifices  at  the 
circumference  of  the  wheel  should  be  equal  to  one-tenth  of  the  diameter 
of  the  wheel.  3d.  The  width  of  the  crowns  should  be  four  times  the 
shortest  distance  between  the  buckets.  4th.  The  sum  of  the  shortest  dis- 
tances between  the  curved  guides,  taken  near  the  wheel,  should  be  equal 
to  the  interior  diameter  of  the  wheel. 

For  falls  greater  than  40  feet,  the  2d  rule  should  be  modified :  the  height 
of  the  orifices  should  be  smaller  in  proportion  to  the  diameter  of  the  wheel 

On  the  basis  of  these  rules,  an  efficiency  of  75  per  cent,  may  be 
obtained. 

Formulas  for  the  proportions  and  performance  of  Ouhvardfloiv  Turbines. 

P  =  .0425  D'^a/^  (  I 

0  =  4.85^-^    (2 

Q  =  .5D=^ (  3 

^=-56>v/rp  =  4-49^/4' (  4 

H  =  .ioD   (  5 

N  =  3(D  +  io)  (  6 

w  =  ^  (  7 

W  =  l^   (  8 

".K-'Ti? '.. 

«  =  .5oNto.75N   (10 

a/'  =  -^   (II 

n 

»  Water-  Wheels  atid  J/ydraulk  Motors.     New  York,  1876. 
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D=the  exterior  diameter  of  the  wheeL 
</=the  interior  diameter  of  the  wheeL 

H  =  the  height  of  the  orifices  of  discharge  at  the  outer  circumference. 
W=the  width  of  the  crown  of  the  buckets. 
N=the  number  of  buckets. 
«=the  number  of  guides. 

w=the  shortest  distance  between  two  adjacent  buckets. 
a;'=the  shortest  distance  between^two  adjacent  guides. 
HP = the  actual  horse-power  of  the 'turbine. 
A=the  height  of  the  fall  acting  on  the  wheel 

Q=the  quantity  of  water  expended  by  the  turbine,  in  cubic  feet  per  second 
V=the  velocity  due  to  the  fall. 
V'-the  velocity  of  the  water  passing  through  the  narrowest  sections  of  the 

wheel. 
z/=the  velocity  of  the  interior  circumference  of  the  wheel. 

C=the  coefficient  for  V  in  terms  of  V,  or  ^, 

The  dimensions  are  in  feet;  and  the  velocities  in  feet  per  second. 
These  formulas  are  only  to  be  taken  as  guides  for  practice;  not  as 
established  proportions. 

Downward-Flow  Turbines. 

Fontaines  Turbine, — In  turbines  constructed  with  downward  flow,  the 
wheel  is  placed  below  an  annular  series  of  guide-blades,  by  which  the  watei 
is  conducted  to  the  wheel.  The  water  strikes  the  curved  floats  of  the  wheel, 
and  it  falls  vertically,  or  nearly  so,  into  the  tail-race.  The  principle  of  action 
is  the  same  as  that  of  the  outward- tlow  turbine;  but  the  centrifugal  action 
of  the  latter  is  avoided,  and  the  downward  flow  is  more  compact 

The  Fontaine  turbine  yields  an  efficiency  of  70  per  cent.,  when  fully 
charged.  When  the  supply  of  water  is  shut  off  to  three-fourths,  by  the 
sluice,  the  efficiency  is  5  7  per  cent.  The  best  velocity  at  the  mean  circum- 
ference of  the  wheel,  is  equal  to  55  per  cent,  of  that  due  to  the  height  of 
fall.  It  may  vary  a  fourth  of  this  either  way,  without  materially  affecting 
the  efficiency.  An  efficiency  of  70  per  cent,  is  guaranteed  by  manufac- 
turers. 

Jonval  Turbine, — This  turbine  is,  essentially,  the  same  as  Fontaine's;  but, 
for  convenience,  it  is  placed  at  some  height  above  the  level  of  the  tail- 
water,  within  an  air-tight  cylinder,  or  "  draft-tube,"  so  that  a  partial  vacuum 
or  reduction  of  pressure  is  induced  under  the  wheel,  and  the  effect  of  the 
wheel  is  by  so  much  increased.  The  resulting  efficiency  is  the  same  as  if 
the  wheel  were  placed  at  the  level  of  the  tail-race;  and  thus,  whilst  the 
turbine  may  be  placed  at  any  level,  advantage  is  taken  of  the  whole  height 
of  the  fall. 

The  efficiency  under  a  full  charge  is  72  per  cent  The  best  velocity  at 
the  exterior  of  the  wheel,  is  70  per  cent  of  that  due  to  the  total  fall. 

Turbine  by  the  North  Moor  Foundry, — The  water  is  conducted  by  a  pipe 
into  a  spiral  water-chamber  surrounding  the  wheel,  from  which  it  is  guided 
through  the  guides  or  water-ports  horizontally  on  to  the  middle  of  the 
circumference  of  the  wheel,  so  as  to  enter  the  curved  wings  or  buckets 
without  any  shock.  After  traversing  them,  it  passes  off  vertically,  or 
nearly  so,  on  both  sides  of  the  wheel,  above  and  below,  to  the  tail-race. 
The  buckets  are,  for  this  purpose,  constructed   in  two  rings,  with  right 


TANGENTIAL  WHEELS.  943 

and  left  curvatures,  meeting  at  the  middle,  at  an  acute  angle,  where  the 
water  enters  and  is  divided  equally  between  them.  The  flow  is  partially 
inwards,  combined  with  vertical  flow. 

Inward-Flow  Turbines. 

Vortex  Wheels  or  Inward-flaw  Turbine, — The  vortex  wheel  is  made  with 
radiating  vanes,  and  is  surrounded  by  an  annular  case,  closed  externally, 
and  open  internally  to  the  wheel,  having  its  inner  circumference  fitted  with 
four  curved  guide-passages.  The  water  is  admitted  by  one  or  more  pipes 
to  the  case,  and  it  issues  centripetally  through  the  guide-passages  upon  the 
circumference  of  the  wheel.  The  water  acting  against  the  curved  vanes  of 
the  wheel,  the  wheel  is  driven  round  at  a  velocity  dependent  on  the  height 
of  the  fall,  and  the  water,  having  expended  its  force,  passes  towards  and  out 
at  the  centre.  This  wheel  has  realized  an  efficiency  as  high  as  77^  per 
cent.     It  was  originally  designed  by  Professor  James  Thomson. 

Swain  Turbine. — In  the  Swain  turbine  are  combined  an  inward  and  a 
downward  discharge.  The  receiving  edges  of  the  floats  of  the  wheel  are 
vertical,  opposite  the  guide-blades,  and  the  lower  portions  of  the  edges  are 
bent  into  the  form  of  a  quadrant.  Each  float  thus  forms  with  the  surface 
of  the  adjoining  float  an  outlet  which  combines  an  inward  and  a  downward 
discharge.^  A  Swain  turbine,  72  inches  in  diameter,  was  tested  at  Boott 
Cotton  Mill,  U.S.,  by  Mr.  J.  B.  Francis,  for  several  heights  of  gate,  or 
sluice,  from  2  to  13.08  inches,  and  circumferential  velocities  of  wheel  ran- 
ging from  60  per  cent  to  80  per  cent  of  the  respective  velocities  due  to  the 
heads  acting  on  the  wheel.  For  a  velocity  of  60  per  cent.,  and  for  heights 
of  gate  varying  within  the  limits  already  stated,  the  efficiency  ranged  from 
47^  to  76 J^  per  cent,  and  for  a  velocity  of  80  per  cent,  it  ranged  from 
37^  to  83  per  cent  The  maximum  efficiency  attained  was  84  per  cent, 
with  a  12-inch  gate  and  a  velocity-ratio  of  76  per  cent;  but  from  9-inch  gate 
to  13-inch  gate, — say,  from  two-thirds  gate  to  full  gate, — the  maximum  effici- 
ency varied  within  very  narrow  limits — from  83  to  84  per  cent., — the  velocity- 
ratios  being  72  per  cent,  for  the  9-inch  gate,  and  76)^  per  cent,  for  full 
gate.  At  half-gate,  the  maximum  efficiency  was  78  per  cent,  when  the 
velocity-ratio  was  68  per  cent  At  quarter-gate,  the  maximum  efficiency 
was  61  per  cent,  and  the  velocity-ratio  66  per  cent 


TANGENTIAL  WHEELS. 

Wheels  to  which  the  water  is  applied  at  a  portion  only  of  the  circumfer- 
ence, are  called  tangential  wheels.  They  are  specially  suited  for  very 
high  falls,  where  a  considerable  diameter  and  high  tangential  velocity  may 
be  combined,  with  a  moderate  speed  of  revolution.  The  Girard  turbine 
belongs  to  this  class.  It  is  employed  at  Goeschenen  station,  for  the  works 
of  the  St  Gothard  tunnel;  and  it  works  under  a  head  of  279  feet  The 
wheels  are  7  feet  10^  inches  in  diameter;  they  have  80  buckets,  and  their 
regular  speed  is  160  turns  per  minute,  with  a  maximum  charge  of  water  of 
67  gallons  per  second.  It  is  said  that  the  Girard  turbines  employed  at  the 
Paris  water-works  have  yielded  an  efficiency  as  high  as  87  per  cent.;  ordi- 
narily, the  efficiency,  it  is  said,  is  from  75  to  80  per  cent 

*  yournal  of  the  Franklin  JnstihiU^  April,  1875.     See  also  a  notice  in  the  Proceedings 
of  Ute  Institution  0/ Civil  Engineers^  vol.  xli.,  paj^e  334. 
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PUMPS. 

The  effective  work  done  by  a  pump,  in  raising  water,  is  equal  to  the  pro- 
duct of  the  weight  of  water  lifted,  by  the  height  through  which  it  is  raised. 
The  efficiency  of  the  pump  is  the  ratio  of  the  effective  work  to  the  whole 
work  expended  in  driving  the  pump. 

Reciprocating  Pumps. 

The  efficiency  of  well-proportioned  reciprocating  pumps  Is  from  75  to 
85  per  cent.;  ordinarily,  it  is  not  more  than  75  per  cent,  and  is  often 
less  than  that.  In  well-made  pumps,  in  good  order,  the  volume  of  water 
passed  is  96  or  97  per  cent,  of  the  volume  described  by  the  piston;  but, 
for  ordinary  pumps,  it  is  only  from  80  to  90  per  cent  When  the  speed  of 
the  pump  is  very  rapid,  the  volume  of  water  may  be  equal  to  or  greater  than 
the  volume  described  by  the  piston.  In  such  instances,  the  column  of  water 
continues  in  motion  after  the  piston  has  arrived  at  the  end  of  its  stroke. 
Ordinary  well-made  pumps  may,  with  certainty,  draw  water  from  any  depth 
not  exceeding  2  7  feet.  M.  Claudel  gives  the  results  of  experimental  tests 
of  various  pumps : — 

Ratio  of  Volume  of  Water 
Efficiency.  to  that  described 

by  the  Piston. 

Fire-engines  : — Height,  10  to  16  feet,         20.7  per  cent 91  per  cent. 

Worked  with  hose,..  35.8        „  91        „ 

Pumps  for  drainage,  50  to  69        „  93        „ 

Pumps  in  towns,  double-acting, 70  to  75        „  90  to  95        „ 

Mr.  R.  Davison^  gives  the  duty  of  6-inch  three-throw  pumps  employed  in 
raising  water  at  a  brewery,  with  the  indicator  horse-power  consumed,  from 
which  the  following  deductions  are  made.  A  barrel  of  water  holds  36 
gallons : — 

Water^r  Hour  ^ift  Gn«s  Power.  %^,^,''  Efficiency. 

120  barrels, 165  feet,  4.7    H.P.  3.6      H. P.,  or  77  per  cent. 

160  barrels, 140    „  6.2      „  4.07       „     or  65.6     „ 

^      yy       54    V  i.o      „  .785     „     or  78.5      „ 

250      „       48    „  4.87    „  2.18       „     or  45        „ 

Average, 66.5      „ 

^  Proceedings  of  the  Institution  0}  Q'wiX  Engineers^  N<AA\»^'«j^'ar  ^S^^V  ^a^  79. 
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A  double-acting  pump,  constructed  by  M.  Farcot,  was  tested  by  M.  Tresca. 
It  contains  two  barrels  placed  vertically,  side  by  side,  and  worked  from  a 
shaft  overhead,  with  two  oanks,  driven  through  a  belt  pulley.  The  cranks 
coincide,  so  that  the  buckets  of  the  pumps  reciprocate  simultaneously.  The 
valves  of  the  first  bucket  open  downwards,  and  those  of  the  second  bucket 
upwards.  They  are  made  as  large  as  possible,  and  no  other  valves  are 
required.  The  water  enters  at  the  upper  part  of  the  first  barrel,  and  leaves 
at  the  upper  part  of  the  second  barrel,  passing  from  one  to  the  other  by  a 
connecting  chamber  at  the  bottom.  By  this  arrangement,  the  first  barrel 
forces  the  water,  and  the  second  barrel  draws  the  water,  and  a  continuous 
stream  is  set  up.  The  barrels  of  the  pump  were  i8  inches  in  diameter, 
with  a  stroke  of  6  inches.  The  following  are  classified  results  of  performance, 
in  which  the  efficiency  is  expressed  in  parts  of  the  dynametric  power  expended 
in  driving  the  pump: — 


Speed  of  the 
Pumps. 

Total  Head. 

Efficiency. 

Ratio  of  Volume 
of  Water  to  Capa- 
city of  Pump. 

turns  per  minute. 

feet. 

percent. 

percent 

3300 

14.10 

43-1 

96 

42.40 

14.10 

431 

97.2 

55.08 

14.10 

44.7- 

92 

60.55 

16.63 

53.7 

94.5 

Averages,.... 

14.73 

46.1 

2375 

23.22 

63.7 

— — 

45.48 

24.93 

53-0 

957 

60.00 
Averages,.... 

27.32 

53-0 
56.6 

954 

25.16 

39-62 

33.54 

66.7 

97.6 

43-75 

33.54 

69 

98.1 

40.50 

33-39 

61.2 

91.4 

55.00 

35.55 

63.2 

95-4 

28.00 

35.55 

71.4 

91.2 

Averages,.... 

34.31 

66.2 

31.00 

42.80 

73-6 

23-2 

24.33 

45.62 

73-7 

89.8 

52.68 

45.62 

71.0 

95-3 

32.50 

46.28 

66.5 

91.7 

55.00 

46.97 

70.4 

94.8 

50.00 

49-33 

71.0 

95.8 

61.98 

51.00 

68.7 

90.5 

55.00 

75-44 

70.4 

92.5 

Averages,.... 

50-38 

70.7 

J 


From  these  data,  it  is  evident  that  the  efficiency  increases  with  the  height 
of  the  lift, — a  result  which  is  explained  by  the  less  proportion  of  the  con- 
stant resistances  of  the  pumps  to  the  work  done  at  higher  lifts. 


946  MACHINES  FOR  RAISING  WATER. 

Centrifugal  Pumps. 

The  Appold  pump,  made  with  curved  receding  blades,  is  the  form  of 
centrifugal  pump  most  widely  known  and  accepted.  M.  Morin  tested  three 
kinds  of  centrifugal  or  revolving  pumps: — ist,  on  the  model  of  the  Appold 
pump;  2d,  having  straight  receding  blades  inclined  at  an  angle  of  45**  with 
the  radius;  3d,  having  radial  blades.  They  were  12  inches  in  diameter  and 
3^  inches  long,  and  had  6-inch  central  openings.  Their  efl&ciencies  were 
respectively  as  follows : — 

1.  Curved  blades,  Efficiency,  48  to  68  per  cent 

2.  Inclined  blades, „  40  to  43        „ 

3.  Radial  blades,  „  24  „ 

The  height  to  which  water  ascends  in  a  pipe,  by  the  action  of  a  centri- 
fugal pump,  would,  if  there  were  no  other  resistances,  be  that  due  to  the 

velocity  of  the  circumference  of  the  revolving  wheel,  or  to  — .     The  results 

of  experiments  made  by  the  author  on  two  pumps,  at  the  International 
Exhibition  of  1862,  yielded  the  following  data,  showing  the  height  to  which 
the  water  was  raised,  without  any  discharge : — 

(blades  partly  radial,  /mrvfJ  hlaH«) 

curved  at  the  ends}.  (curved  blades). 

Diameter  of  pump- wheel, 4  feet,  4  feet  7  inches. 

Revolutions  per  minute, 177  954 

Velocity  of  circumference,  per  second,...  37.05  feet,  22.9     feet 

Head  due  to  the  velocity, 21.45    >»  8.194    „ 

Actual  head, 18.21     „  5833    „ 

Do.     in  parts  of  head  due  to  velocity,  85  per  cent.  71.2  per  cent 

Mr.  David  Thomson  made  similar  experiments  with  Appold  pumps  of 
from  1.25  to  1.7 1  feet  in  diameter,  the  results  of  which  showed  that  the 
actual  head  was  about  90  per  cent,  of  the  head  due  to  the  velocity. 

M.  Tresca,  in  1861,  tested  two  centrifugal  pumps,  18  inches  in  diameter, 
i/iith  a  9-inch  central  opening  at  each  side.  The  blades  were  six  in  number, 
of  which  three  sprung  from  the  centre,  where  they  were  ^2  inch  thick;  the 
alternate  three  only  sprung  at  a  distance  equal  to  the  radius  of  the  opening 
from  the  centre.  They  were  radial,  except  at  the  ends,  where  they  were 
cur\x*d  backward,  to  a  radius  of  about  2}^  inches;  and  they  joined  the  cir- 
cumference nearly  at  a  tangent.  The  width  of  the  blades  was  taper;  the 
blades  were  sH  inches  wide  at  the  nave,  and  only  2  5-8  inches  at  the 
ends :  so  designed  that  the  section  of  the  outflowing  water  should  be  nearly 
constant 

M.  Tresca  deduced  from  his  experiments,  that,  in  making  from  630  to 
700  revolutions  per  minute,  the  efficiency  of  the  pump,  or  the  actual  duty  in 
raising  water,  through  a  height  of  31.16  feet,  amounted  to  from  34  to  54 
per  cent,  of  the  work  applied  to  the  shaft;  or  that,  in  the  conditions  of  the 
experiment,  the  pump  could  raise  upwards  of  16,200  cubic  feet  of  water 
per  hour,  through  a  height  of  33  feet,  with  about  30  horse-power  applied  to 
the  shaft,  and  an  efficiency  of  45  per  cent 

According  to  Mr.  Thomson,  the  maximum  duty  of  a  centrifugal  pump 
worked  by  a  steam-engine,  varies  from  55  per  cent,  for  smaller  pumps  to 
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70  per  cent  for  larger  pumps.  They  may  be  most  effectively  used  for  low 
or  for  moderately  high  lifts,  of  from  15  to  20  feet;  and,  in  such  conditions, 
they  are  as  efficient  as  any  pumps  that  can  be  made.  For  lifts  of  4  or  5  feet 
they  are  even  more  efficient  than  others.  At  the  same  time,  the  larger  the 
pump  the  higher  the  lift  it  may  work  against  Thus,  an  18-inch  pump 
works  well  at  a  20-feet  lift,  and  a  3-feet  pump  at  a  30-feet  lift  A  21 -inch 
fan  at  a  40-feet  lift  has  not  given  good  results ;  high  lifts  demand  very  high 
velocities.^ 

The  efficiency  is  influenced  by  the  form  of  the  casing  of  the  pump.  The 
Hon.  R.  C.  Parsons  made  experiments  with  two  14-inch  fans  on  Appold's 
form  and  on  Rankine's  form.*-^  In  Rankine's  fan,  the  blades  are  curved 
backwards,  like  those  of  Appold's,  for  half  their  length ;  and  curved  for- 
wards, reversely,  for  the  outer  half  of  their  length.  Plotting  the  results 
of  performance  arrived  at  by  Mr.  Parsons,  the  following  are  the  several 
amounts  of  work  done  per  pound  of  water  evaporated  from  the  boiler, 
reduced  for  a  speed  of  350  turns  per  minute: — 

Work  done  per  pound 
of  water  evaporated.  Ratio. 

foot  pounds. 

Appold  fan,  in  concentric  circular  casing,...  6,250,  as  i 

Do.,        in  spiral  casing, 9,ooo>  »  i'44 

Rankine  fan,  in  concentric  circular  casing,..  9,700,  „  1.55 

Do.,         in  spiral  casing, 1 2,500,  „  2 

These  data  prove  two  things: — ist,  that  the  spiral  casing  was  better  than 
the  concentric  casing;  2d,  that  Rankine's  ogee-fan  was  more  efficient  by 
one-half  than  Appold's  fan. 

Endless-Chain  Pump  of  Square  Boards. 

A  series  of  square  boards,  or  paddles,  5  or  6  inches  square,  strung 
together;  turning  on  two  centres;  inclined  at  an  angle  of  30®  or  40®  with 
the  horizon.  The  lower  end  is  immersed  in  the  water  to  be  raised,  and  the 
water  is  dragged  by  the  paddles  up  an  inclined  trough  to  the  higher  level. 
Efficiency,  40  per  cent 

When  the  endless-chain  pump  works  vertically,  the  paddles  pass  through 
a  vertical  pipe,  and  this  arrangement  is  suitable  for  lifts  of  more  than  1 2  feet 
Worked  by  from  4  to  8  men,  the  efficiency  of  the  vertical  endless-chain 
pump  is  65  per  cent.,  and  the  volume  of  water  raised  is  s/eths  of  the  volume 
described  by  the  paddles. 

Noria. 

The  noria  is  an  endless  chain  of  buckets  having  a  capacity  of  from  i  ^ 
to  3  gallons,  working  vertically.  The  efficiency  increases  with  the  height, 
because  a  given  excess  of  elevation  above  the  higher  level  is  required  for 
accommodation  for  delivering  the  water.     For  lifts  of  from  3  to  12  feet, 

^  **  Pumps,"  page  156,  in  Mr.  Humberts  WaUr  Sutply  of  Cities  and  Towns. 

*  See  Mr.  Parsons*  paper  on  *'  Centrifugal  Pumps,  in  the  Proceedings  of  the  Institution 
of  Civil  Engineers  (1875-76),  vol.  xlvii.,  page  267.  It  is  due  to  the  author  of  this  paper 
to  say  that  he  has  deduced  other  conclusions  than  those  drawn  in  the  text,  from  the 
comparative  results  of  the  experiments  with  Appold^s  fan  and  Rankine's  fan. 
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the  efficiency  is  from  50  to  66  per  cent     For  higher  lifts,  an  effidenq'  of 
from  70  to  80  per  cent  may  be  realized. 

Water-Works  Pumping  Engines. 

The  indicator-power  of  the  single-acting  beam-engines  at  the  E^t  London 
Water-works,  according  to  Mr.  Greaves'  experiments,  was  effective  in  actual 
"  pumping  duty,"  or  efficiency,  or  quantity  of  water  raised,  to  the  extent 
of  81  per  cent.  The  difference,  19  per  cent.,  was  absorbed  in  nearly  equal 
proportions  by  the  friction  of  the  engine,  including  that  of  the  pole,  on  the 
one  part,  and  the  friction  and  resistance  of  the  pump  on  the  other  part; 
being  each  nearly  10  per  cent  of  the  "total  load,"  or  indicator-power.^ 

Mr.  David  Thomson  gives  data  for  the  "  pumping  duty"  of  the  double- 
acting  compound-cylinder  rotative  beam-engines  of  the  Chelsea  Water- 
works, in  which  the  cylinders  are  placed  vertically  side  by  side,  under  one 
end  of  the  beam,  acting  on  the  Woolf  system.  It  appears  that  the  duty  is 
80  per  cent  of  the  indicator-power.* 

A  pair  of  compound  rotative  beam-engines,  designed  by  Mr.  E.  D.  Leavitt, 
jun.,  have  been  erected  at  the  St  Lawrence  Water-works,  Mass.,  U.S.*  The 
first  and  second  cyUnders  of  each  engine,  are  connected  one  to  each  end  of 
the  beam.  They  are  placed  together  under  the  main  centre,  and  conse- 
quently are  directed  obliquely  each  to  its  proper  end  of  the  beam;  and, 
whilst  the  lower  ends  are  close  together,  the  upper  ends  lie  apart  from  each 
other.  The  connecting-rod  to  the  fly-wheel  shaft  is  connected  to  the  first- 
cylinder  end  of  the  beam;  and  the  rod  to  the  pump,  to  the  second-cylinder 
end.  The  cylinders  are  fitted  with  gridiron  valves,  having  a  large  area  of 
opening,  and  small  movement  The  pumps  are  of  the  bucket-and-plunger 
type,  first  introduced  by  Mr.  David  Thomson,  in  England.  The  effective 
pressure  in  the  boiler  is  90  lbs.  per  square  inch.  The  cylinders  are  18  inches 
and  38  inches  in  diameter,  with  8  feet  of  stroke.  They  are  entirely  steam- 
jacketted.  The  clearance  averages,  for  the  first  cylinder,  2.43  per  cent, 
and  for  the  second  cylinder,  1.68  per  cent,  of  the  capacities  of  the  cylinders 
respectively.  The  volume  of  the  connecting  pipe  between  their  upper  ends 
is  9.92  per  cent  of  that  of  the  cylinder.  The  pump-barrel  is  26^-^  inches, 
and  the  plunger  is  1 8  inches,  in  diameter,  with  a  stroke  of  8  feet  The  fly- 
wheel is  30  feet  in  diameter,  and  weighs  16  tons.  From  the  results  of  the 
trials,  it  appears  that  the  steam  was  cut  off  at  about  30  per  cent  of  the 
stroke,  with  an  initial  absolute  pressure  of  about  100  lbs.  per  square  inch. 
The  engines  made  16^  turns  per  minute,  and  yielded  about  195.5  ^^^' 
cator  horse-power.  The  water  delivered  per  stroke  amounted  to  95  per 
cent,  of  the  capacity  of  the  pump.  The  total  quantity  of  coal  (Cumberland) 
consumed  was  equivalent  to  1.69  lbs.  per  indicator  horse-power  per  hour; 
and  to  2.06  lbs.  per  horse-power  of  duty  at  the  pump.  The  efficiency  of 
the  engine  was  81.94  per  cent  The  duty  per  100  lbs.  of  coal  amounted  to 
96,200,000  foot-pounds.  The  quantity  of  water  evaporated  was  8.27  lbs. 
per  pound  of  coal,  and  (8.27  x  1.69  =  )  14  lbs.  of  steam  was  consumed  per 
indicator  horse-power. 

*  Article,  "  Steam  Engine,"  by  the  author,  in  the  Encyclopedia  Britannua,  8th  edition. 

*  **On  Double-Cylinder  Pumping  Engines,"  by  Mr.  David  Thomson,  in  the  Proceedingi 
of  the  Institution  0/  Afechanicai  Engineer s,  1862,  page  268. 

*  Journal  of  the  Franklin  Institute^  November,  1876,  page  312.     Report  by  Messrs. 
W.  E.  Worthen,  J.  C.  Hoadley,  and  J.  P.  Davis;  with  illustrations. 
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The  pnmprng  (fmies.  at:  die  pump^  of  Iaig<^  pcrmpmg  ect^^tnes^  wbetber 
single-acthig  or  dDuble^ctfiig;^  oze  c£ms  %«dl  to  aTera^  jJboctt  $i  per  ctiit 
of  the  indiotar  fuxse^wei 


Hydran&c  rams  zre  nsed  wf&ere  diere  b  :i  ccosKlenble  dow  of  water  vidi 
a  moderate  ^fl.  to  rxse  x  small  poitbon  of  the  ^w  to  a  hes^t  greater  Uian 
the  falL  The  oodiQw  of  water  th-Fifng  ^troagh  a  ptpe,  wb«  tb?  lower  end 
of  the  pipe  is  soddenlr  dosed^  is  suxMenbr  arrested*  and  the  mooieiitum  of 
the  current  in  the  pipe  is  opcmied  m  tbrcrn^  a  portion  of  itsirff  throu^ 
another  pipe, — the  de&rar-pcpe^ — into  an  dented  reservoir  \^T:fccii  die 
momentum  is  expended^  the  tipward  ctrrrent  ceases  to  flow,  the  vahres  in 
the  delivery-pipe  are  dosed  r^ainst  die  return  of  the  derated  water:  and 
the  valve  by  which  the  scrppfy  current  was  arrested,  opess  as  it  is  rdieved 
of  the  momentary  excessive  pressure,  and  the  oatdow  is  resumed.  Thus*  by 
a  succession  oi  impnLses  the  water  is  lifted.  Mn  C  L.  Hett  recommends 
Dauboisson's  formola  £br  the  el£ciency: — 


1^42  —  .2S 


(") 


d=  the  quantity  of  water  used,  in  gallons  per  minute. 
d^  =  the  quantity  of  water  raised^  in  gallons  per  minute. 

A  =  the  head  used,  in  feeL 
A,  =  the  hft,  in  feet. 

Mr.  Hett^  gives  the  foUowii^  taUe,  calculated  by  means  of  Daubuisson^s 
formula,  showing  the  efiidency  or  percentage  of  duty  due  to  proportions  of 
lift  to  fall,  of  from  4  to  26 : — 
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Mr.  Hett  recommends,  to  adopt,  allowing  for  contingencies*  only  five- 
sixths  of  the  ef&ciendes  here  given.  For  the  diameter  of  the  driving  p^, 
he  gives  Eytelwein's  formula  as  suffident  for  all  practical  purposes: — 


Diameter  of  pipe  in  inches  =  . 05 8-^^  quantity  of  water  in  gallons^  ...  (  ^3  ^ 


'  Tk^  Engitugr^  Jiimaiy  7,  1876,  page  3. 
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HYDRAULIC    MOTORS. 
Hydraulic  Press. 

The  action  of  the  hydraulic  press  depends  on  the  principle  that  fluids 
press  equally  in  all  directions;  and  if  the  pressure  applied  to  the  plunger  of 
the  force-pump  be  multiplied  in  the  ratio  of  the  sectional  areas  or  of  the 
squares  of  the  diameters  of  the  plunger  and  the  ram,  the  product  is  the 
pressure  applied  to  the  ram. 

The  ram  is  packed  with  a  leather  collar,  and  according  to  the  results  or 
experiments  made  by  Mr.  John  Hick,  M.P.,'  the  friction  of  the  collar 
increases  directly  with  the  pressure  and  with  the  diameter;  and  it  is 
independent  of  the  depth  of  the  collar.  The  friction  is  equivalent  to  i  per 
cenL  of  the  pressure  for  a  4-inch  ram,  ^  per  cent  for  an  8-inch  ram,  and 
y^  per  cenL  for  a  16-inch  ram.     The  following  formula  is  deduced:— 

Leather,  new  or  badly  lubricated,... /=. 0471  <//,  i'^) 

Leather  in  good  condition, /=-o3i4'^,  t'S) 

/=the  total  frictional  resistance  of  a  leather  collar. 

i/  =  lhe  diameter  of  the  ram,  in  inches. 

/  =■  the  pressure,  in  pounds  per  square  inch. 

Armstrong's  Hydraulic  Machines. 
In  a  paper  by  Mr.  Henry  Robinson,*  the  following  data  are  communi- 
cated, on  the  authority  of  Mr.  Percy  Westmacott,  giving  the  coefficients  of 
effect  obtained  in  hydraulic  machines  of  ordinary  make, — 

Direct  acting, 93  per  cent. 

4  to  I, 76  „ 

6  to  1 71  „ 

8  to  1, 67  „ 

■«W'. 63  » 


These  coefficients  are  based  on  the  use  of  ordinary  hemp-packing,  and 
with  sheaves  and  wrought-iron  pins,  and  with  no  exceptional  arrangements 
for  lubrication.  But,  where  special  precautions  have  been  taken,  with 
large  sheaves  and  small  hard  steel  pins,  the  efficiency,  multiplying  zo  to  1, 
with  a  load  of  17^  tons,  was  as  high  as  66  per  cent.  Well  made  cupped 
leathers,  used  instead  of  hemp-packing,  increase  the  efficiency. 

It  is  considered  that  the  coefficient  of  effect  obtained  from  a  steam- 
engine  pumping  into  an  accumulator,  may  be  taken  at  91.7  per  cent.,  the 
loss  by  friction  amounting  to  8.3  per  cent  It  is  found  by  experiment  that 
the  difference  of  pressure  with  the  accumulator  (at  700  lbs.)  rising  or  falling 
is  about  30  lbs.,  representing  .ozj  of  effect  The  compounded  efficiency 
will  therefore  be  ascertained  by  combining  the  efficiency  of  the  engines 
with  the  above  varying  rates  of  efficiency. 

*  Sfioni'  Dklianary  b/  Engitteerinf,  page  1992. 

'  "  On  the  Transmission  of  Moiivc-power  10  Distant  PMots,"  in  the  Precudmgs  eflkt 
iHitUutien  of  Cruil  Engiiutrs,  1876-77,  voL  *1U. 
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JL^JTKRNAL  RESISTANCE   OT  STEAM^ENGTNKS. 

It  may  be  assomed  tiax,  taken  generally,  the  e^dencv'  of  steAfn-engines. 
that  is  to  say,  the  zatio  of  the  work  transmitted  throtugh  the  engine  to  the 
fly-wbeel  shaft,  to  tiie  eflfecdve  woric  done  by  the  steam  m  the  cylinder,  in- 
creases widi  the  power  of  the  engine.  When  engines  arc  in  good  working 
order,  and  are  domg  their  full  dnt>%  the  efficiency  varies  from  80  per  cent. 
for  smaller  engines,  to  90  per  cent,  for  laiger  engines.  In  one  exceptional 
instance, — a  Corliss  engine  in  Fiance,— the  e^ftdaicy  amounted  to  93 
per  cent. 


RESISTANCE   OF  TOOLS.^ 

The  following  are  results  of  Dr.  Hartig's  experiments  on  the  resistance  ot 
tools: — 

Sng^-iuting  Shmring  Machines. — ^The  power  necessarv'  to  drive  such 
toc^  idien  empty  is  eaqjresscd  by  the  formula, — 

=  0.1  +  --—   (l) 

26.7  ^     ' 

P  «  horse-power. 

/=  maximum  thickness  of  plate  to  be  cut 
n  =  the  number  of  cuts  per  minute. 

a  -  the  area  of  sur£aice  cut  or  punched  per  hour,  in  square  inches. 
F  =  (i  166+  1691  /),  a  £Eictor  expressing  the  work  required  to  produce  a  cut 
or  sheared  surface  of  i  square  inch. 

The  power  required  to  do  die  woik  itself,  in  addition  to  that  required  to 
drive  the  tool  when  empty,  is 

^            aF               aT  ,     - 

p  ~        ^  -^        —  (a  I 

'    33,000  X  60     1,980,000 

For  example,  a  shearing  machine,  cutting  4648  square  inches  of  surffl<%  pet 
hour,  in  plates  0.4  inch  thick,  would  absorb  0.68  horse-power  empty,  and 
4.3  horse-power  in  effective  work;  total,  say,  5  horse-power. 

*  The  above  particulars  of  the  resistance  of  tools  are  abstracted  from  a  notice  of  the 
raohs  of  I>r.  Hiutig's  experiments,  in  Enginming  for  October  and  Deoembtr,  1874. 
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Plate-bending  Machines,— Tht  net  work  required  to  bend  a  plate  or  a  bar, 
is  expressed  by  the  formula, — 

F  =  85>ooo^^'^^  for  cold  wrought-iron  plates ( 3 ) 

F  =  lli2??_^^,  for  red-hot  iron  plates (4) 

^,  /,  and  /  =  the  breadth,  thickness,  and  length  of  the  plate,  in  inches 
r=  the  radius  of  curvature,  in  inches. 
F  =  the  net  work  of  bending  the  plate. 

The  power  required  to  drive  large  plate-bending  rolls,  when  empty,  is 
between  0.5  and  0.6  horse-power. 

Circular  Saws, — ^The  horse-power  required  to  drive  circular  saws  running 
empty,  is 

p=-?^ (5) 

32,000 

^=  the  diameter  of  the  saw,  in  inches. 
n  =  the  number  of  revolutions  per  minute. 

The  net  power  required  to  cut  with  a  circular  saw,  is  proportional  to  the 
cubic  contents  of  the  material  removed.  For  a  saw  for  cutting  hot  iron, 
moving  at  a  circumferential  speed  of  7875  feet  per  minute,  and  making  a 
cut  0.14  inch  wide,  the  power  is  expressed  by  the  formulas — 

Pf  =  o. 702  A,  for  red-hot  iron  (6) 

P^  -  1. 013  A,  for  red-hot  steel (7) 

A  -  the  sectional  area  of  surface  cut  through,  in  square  feet. 

Work  of  Ordinary  Cutting  Tools,  in  Metal. — Materials  of  a  brittle  nature, 
as  cast-iron,  are  reduced  most  economically  in  power  consumed,  by  heav7 
cuts;  whilst  materials  which  yield  tough  curling  shavings  are  more  economi- 
cally reduced  by  thinner  cuttings.  The  following  formulas  apply  to  light 
cutting  work : — 

The  power  required  to  plane  away  cast-iron  is, — 

Planing casi'XTon, P  =  W  (.oi55-H  ^^^^^  p (8) 

W  =  the  weight  of  cast-iron  removed  per  hour,  in  pounds. 
s  =  the  average  sectional  area  of  the  shavings,  in  square  inches. 

For  planing  steel,  wrought-iron,  and  gun-metal,  with  cuts  of  an  average 
character, — 

Planing stttl, P  =  o.ii2  W, (  9  ) 

„      wrought-iron, P=   .052  W, ('^) 

„      gun-metal, P=   .0127  W, (11) 

For  turning  off  metals,  the  power  required  is  less  than  for  planing 
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tbem  offf  and  it  was  found  that  the  power  was  greater  for  smaller  diameters 
than  for  larger  diameters. 

Tx^/Tf///^  cast-iron, P  =  .o3i4W, ( i^  ) 

„       wrought-iron^...  P  =  .o327W, l^S) 

„       steel, P  =  .o47W, (14) 

For  drilling  metals,  the  power  required  to  remove  a  given  weight  of 
material  is  greater  than  in  planing.  Volume  is  taken  instead  of  weight 
m  the  formulas:  applicable  to  holes  of  from  0.4  to  2  inches  in  diameter: — 

Z?f7Ztf;»^  cast-iron,  dry, P  =  ^  (.0168  +  *^^?-')  ...  (15) 

a 

„      wrought-iron,  with  oil,...  P  =  ^  (.0168+  '-^j-^)  ....  (  16  ) 

a 

q  =  the  volume  removed,  in  cubic  inches  per  hour. 
d^  the  diameter  of  the  hole. 

In  the  use  of  shaping  machines,  the  resistance  is  greater  for  notch-cuts 
than  for  cuts  on  flat  suriaces,  and  for  skin-cuts  than  for  under-cuts : — 

5*j/w^  cast-iron  skin-cuts P  =  .io87W,...  (17 

under-cuts, P  =  .o6o4W,...  (18 

„        wheel-teeth  (notch-cuts), .  P  = .  1 1 8  W, (19 

Power  required  to  drive  Ordinary  Cutting  Tools  when  empty, — For  lathes, 
the  power  varies  with  the  number  of  shafts  between  the  (friving  shaft  and 
the  main  spindle : — 


I  or  2, P  =  .os  +  .ooi2;» P  =  o.25+   .05311  ....  ^  21 ) 

=  o.25  +  o.i8«    ....(22) 


o, P  =  .o5  +  .ooo5« P  =  o.25-i-   .0031 »....(  20) 

2, P  =  .o5  +  .ooi2 ;» P 

3  or  4, P  =  .o5  +  .o5« P 

«  =  the  number  of  turns  of  the  lathe-spindle  per  minute. 

For  drilling  machines,  when  empty,  the  power  varies  according  to  the 
construction  of  the  machines,  with  or  without  intermediate  gearing: — 

a,  Drill,  without  gearing, P  =  .0006  «,  +  .0005  «^. 

b,  „    with  gearing  for  the  spindle,  P  =  .ooo6«,  -H.ooi «,... 

c,  „    radial  drills,  without  gearing,  P  =  .0006  «,  -H  .004 ;»,... 

d,  „  „         with  gearing, P  =  .04  -H  .0006  «,  +  .004  «,  ..  (  26  ) 

«g  =  the  number  of  turns  per  minute  of  the  gearing  shaft 
«a  =  the  number  of  turns  of  the  drill. 

For  a  slotting  machine,  having  a  stroke  of  8  inches,  and  a  tool-holder  and 
slide  weighing  93^  lbs.,  running  empty, — 

P--04S+-^, <*') 

4000 

«  =  the  number  of  strokes  per  minute. 
J  =  the  stroke  in  inches. 
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For  shaping  machines,  the  movements  of  which  are  slow,  the  power 
required  for  moving  the  machine,  when  empty,  is  only  from  lo  to  15  per 
cent  of  the  whole  power  required  to  work  the  machine. 

Screw-ctitting  Machines, — ^The  power  required  by  one  of  Sellers'  tools  for 
cutting  screws  on  shafts  or  on  bolts,  and  for  tapping  nuts,  is  expressed  by 
the  formulas : — 

Screwing  (net work), p  =  i*^' (28) 

64 

Tapping         „  IfJJl  (29) 

29 

//=  the  diameter  in  inches. 

/=  the  length  in  feet  cut  per  hour. 

The  additional  power  required  for  driving  a  screwing  machine  of  medium 
size,  is  about  one-fifth  of  a  horse-power. 

Wood-cutting  Machines, — The  power  required  for  driving  drcular-saws, 
when  empty,  has  been  given  by  formula  (5),  page  952.  The  net,  or 
additional,  power  required  to  do  the  work,  is  proportional  to  the  cubic  con- 
tents of  the  wood  reduced  to  sawdust,  at  the  rate  of  i  horse-power  for 
I  cubic  foot  per  hour  of  soft  wood,  or  for  half  a  cubic  foot  of  hard  wood. 

Kc 
Circular-saw,  hard  wood, Pc  =  -^ (30) 

„        softwood, P^  =  — (31) 

12 

A  =  the  sectional  area  of  surface  in  square  feet  cut  through  per  hour. 
c  =  the  width  of  the  cut,  in  inches. 

For  saw-frames,  cutting  dry  pine  timber,  the  net  power  required  to  do 
the  work,  exclusive  of  the  work  to  drive  the  machine  when  empty,  is  as 
follows : — 

Saw-frame,  pine, ?<.  =  . 00428 +  .0065-^ (  3*  ) 

S  =  the  stroke  of  the  saws,  in  feet. 

c  =  the  width  of  the  cuts,  in  inches. 
/  =  the  feed  per  cut,  in  inches. 
P^  =  the  horse-power  required  per  square  foot  cut  through  per  hour. 

For  band-saws,  the  power  required  for  the  work  itself  is : — 

Band-saw,  pine, P^  =  .oo34  +^iLLJ£ (33) 

10,000/ 

..         oak, P,  =  . 00483 +  2^211^ (34) 

10,000/ 

»        beech F,  =  . 00576 +  hllUI'  (35) 

10,000/ 

V  =  the  velocity  of  the  band-saw,  in  feet  per  minute. 
/--  the  rate  of  feed,  in  feet  per  minute. 
c  =  the  width  of  xYve  evil,  m  vcvOcv^'^. 
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In  planing  and  moulding  machines,  which  are  driven  at  high  speeds,  a 
large  proportion  of  the  total  power  is  absorbed  in  driving  the  machine  itself. 
The  formula  is, — 

Empty, P  =  JL (36) 

2000 

N  =  the  sum  of  the  turns  per  minute  made  by  the  several  shafts. 

The  net  power  required  for  moulding  and  shaping  wood,  is  given  by  the 
formulas : — 

Pine, P  =  .o566   +'^1^ (37) 

Red  beech,  using  cutters, P  =  .08895  +  '~P- ( 38  ) 

„         using  cutting  discs,..  P  =  .0895   +9.138J....  (39) 

P  =  horse-power  required  to  produce  i  cubic  foot  of  shavings  per  hour. 
A  =  the  height  of  wood  cut  down  to  form  the  moulding,  in  inches. 
s  =  the  average  sectional  area  of  the  shavings,  in  square  inches. 

In  drilling  timber  with  holes  of  from  0.4  to  4  inches  in  diameter,  for 
depths  up  to  6  inches: — 

Drilling  pine, P  =  ^  (.000125+'-^^^- ) ...  (40) 

„        alder, P  =  ^  (.000472 +  -''^^-y) ...  (41  ) 

„        white  beech, ...  P  =  ^  (.003442  +  -^^'495^      ( 42  ) 

Grindstones, — To  drive  grindstones  empty,  the  power  is  expressed  by  the 
formulas : — 

Large  grindstones  empty, ...  P  =  .0000409  dv (  43  ) 

or       P=  .000128  ^'« (44) 

Small  fine    „  „      ...  P  =  o.i 6 +  . 0000895  ^z/ (  45  ) 

or       P  =  o.i6  +  .ooo28  ^"« (46) 

The  coefficients  of  friction  between  grindstones  and  metals  are  as 
follows : — 

Coarse  Grindstones,  Fine  Grindstones, 

at  lugh  speeds.  at  low  speeds. 

For  cast  iron,. coefficient  .22    coefficient  0.72 

For  wrought  iron, „  .44    „  1.00 

For  steel, „         .29    „         0.94 

Grindstones,  net  work, P  =  -£ (47) 

33iOoo 

/=the  pressure  between  the  material  and  the  stone. 

T/=the  circumferential  velocity  of  the  stone,  in  feet  per  minute. 

Ks  the  coefficient  of  friction. 
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RESISTANCE  OF  COLLIERY  WINDING  ENGINES. 

For  working  shafts  from  246  to  580  yards  deep,  in  the  county  of  Durham, 
the  following  are  particulars  of  dimensions  and  performance  of  engines  and 
winding  gear:^ — 

Dimensions. 


No. 

DiRBCT-ACTING   EnGINB. 

Cylinder. 

Speed 

of 
Piston. 

Steam 

in 
Boiler. 

lbs. 

1 
Drums. 

Mean 

Di». 

meter. 

in.      in. 

ft  per 
minute. 

feet 

I 

I  cyl.,  vertical,  condensing 

65x84 
68x84 
40x72 

176 

19 

flat 

26 

2 

3 

2   „    horizontal,  non-condensing 

224 
253 

20 

it 

conical 

23^ 
21 

4 

S 

2   „          »,             » 
1  1   »          »             » 

34x72 
48x72 

291 
232 

40 

flat 

I7K 

Performance. 


No. 

Gross  Engine 
Power  per 

Minute. 

foot-pounds. 

10,342,350 
15,403,000 

7,470,000 

4,375,596 

5,281,107 

Duty,  Coal 

Raised,  per 

Minute. 

Effi. 
dcncy. 

Ropes. 

1 

Avmgt  ' 
Speed  of 
Ropes. 

I 
2 

3 
4 

5 

foot-pounds. 

7,729,344 
9,744,000 
4,077,000 
2,700,000 

3,956,178 

cent. 

75 

63 

55 
62 

75 

in.         in. 

flat,  iron,  6>^  x  J^ 

„     6     xj^ 

round,  steel,     i  ^ 

round,  iron,      i  }i 

feet  per 
minute 

1020 

iiSo 

1689 
1302 
1300 

RESISTANCE  OF  WAGGONS  IN   COAL  PITS. 

The  average  resistance  of  waggons  used  in  the  Midland  coal  pits,  having 
four  1 5-inch  wheels  at  21 -inch  centres,  is  '/50th  of  the  weight,  or  45  lbs.  per 
ton.  The  bodies  of  the  waggons  are  4  feet  3  inches  by  3  feet  wide,  and 
20  inches  deep.  On  a  roadway  having  an  average  fall  of  i  in  30,  worked 
by  an  endless  chain,  passed  over  a  7}^-feet  grooved  pulley  at  the  end 
of  the  course,  the  gravitation  of  full  waggons  descending,  supplies  sufficient 
hauling  power  to  overcome  all  the  wheel-friction  and  take  up  the  empty 
waggons.  The  greatest  traverse  is  from  5000  to  6000  feet;  the  speed  is 
3  miles  per  hour,  and  the  tubs  or  waggons  are  attached  to  the  rope  at  intervals 
of  from  20  to  25  yards.  ^ 

*  See  paper  by  Mr.  G. .  H.   Ih^Iish,  00  Winding  £x^mes»  in  the  Prxesdtn^  of  tki 
Institution  of  Mickanicai  Engineers^  1875,  page  2 1 7. 

•  Mr.  G.  Fowler,  Froctedin^  0/ tJU  InstitMti4m  0/ AfeckankaJ  Emgimars,  1S70. 


RESISTANCE  OF  FLAX-MILL  MACHINERY. 
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RESISTANCE  OF  MACHINERY  OF  FLAX  MILLS. 

M.  E.  Comut,  in  1871-72,  tested,  by  the  indicator,  the  resistance  of  the 
steam-engines,  shafting,  and  machinery  of  the  flax  mill  at  Hamdgicourt.^ 
There  were  two  Woolf  engines,  with  vertical  cylinders  and  beam,  condens- 
ing, which  made,  at  regular  speed,  25  turns  per  minute. 

First  cylinder  of  each  engine, 12.9  inches  diameter,  44.3  inches  stroke. 


Second 


» 


n 


22.0 


» 


n 


59.8 


M 


» 


The  power  required  to  drive  the  machinery  was  very  variable.  It  varied 
15  or  20  per  cent.,  according^  to  the  lubricant  employed,  and  the  mode  of 
lubrication : — 

Atmospheres. 

With  vegetable  oil  and  hand  oiling,  steam  pressure  required,  5  to  5X. 
With  mineral  oil  and  continuous  oiling,     „  „  4X  maximum. 


Making  a  difference  in  pressure  of  at  least  15  per  cent.  In  accordance 
with  this  result,  it  was  found,  by  direct  test,  that,  in  lubricating  with  vege- 
table oil  {hutle  grasse),  2.90  horse-power  per  100  spindles  (wet  system),  was 
consumed,  and  only  2.44  horse-power  with  mineral  oil,  making  a  difference 
of  1 6  per  cent.  But  the  modes  of  lubrication  are  not  distinguished.  Finally, 
with  vegetable  oil,  the  belts,  if  tight,  were  broken  at  starting  on  Monday 

mornings,  after  a  day's  stoppage;   but,  with  mineral  oil,  there  were  no 

breakages. 

The  quantity  of  mineral  oil  consumed  per  day,  in  lubricating  the  same 

three  pedestals,  was, — 

By  hand  oiling, 29.0  grains. 

By  continuous  oiling, 16.2      „ 

Showing  a  reduction  of  44  per  cent  by  continuous  oiling. 

To  test  the  increase  of  resistance  by  want  of  lubrication,  the  engines, 
shafting,  and  belts,  were,  one  day  in  March,  187 1,  started  empty  {d  vide), 
at  4  A.M.  At  6  A.M.,  30.08  horse-power  was  indicated.  All  the  lubricators 
were  then  removed,  except  two  next  the  engines,  and  the  oil  that  remained 
was  cleared  off  the  journals.  The  engines  and  shafting  continued  in 
motion,  and  observations  on  the  power  expended  were  made  at  intervals. 


Observation. 

Time 
Elapsed 

after  Remov- 
ing tlie 

Lubricators. 

Indicator  Horse- 
Powcr. 

Augmentation  of 
Resistance. 

I  St 
2d 

3d 
4th 

5th 

hours. 
0 
2 

3 
4 
6 

1 

30.08 
31.60 
33.47 

35-34 

37.33 

per  cent. 

10.9 

17.45 
30.78 

*  Essais  Dynamometriques^  Lille,  1873.     These  experiments  were  carefully  and  intelli- 
gently conducted,  and  M.  Comut's  conclusions 


appear  to  be  worthy  of  confidence. 
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At  this  time,  the  journals  began  to  heat,  and  the  experiment  was  ended. 
Taking  the  first  three  observations  to  represent  ordinary  practice  in 
hand -oiling,  a  variation  is  manifested,  of  from  5  to  lo  per  cent  of  re- 
sistance. 

From  comparative  tests  made  at  6  a.m.  and  at  11  a.m.,  respectively 
}i  hour  and  5  J4  hours  after  starting  in  the  morning,  the  total  resistance 
of  the  engines  and  machinery  in  ordinary  work,  for  the  second  test,  was 
from  8  to  9  per  cent  less  than  for  the  first  test.  The  temperature  in  the 
workshops  had  risen  10°  or  11®  F.  in  the  interval. 

The  resistance  of  the  engines  and  machines,  separately,  was  tested  during 
the  period  from  August,  187 1,  to  February,  1872: — 

The  engines,  shafting,  and  belts  only,  making  25  turns  of  the  engine  per 
minute,  expended  an  average  of  30.41  indicator  horse-power.  The  maxi- 
mum power  was  32.10  H.P.,  in  December,  187 1. 

Four  cards  consumed  from  9.10  to  7.40  ; — average  8.42  H.P. 

14  drawing-firames  of  29  heads,  or  156  slivers,  consumed  from  6.82  to 
8.04; — average  7.19  H.P. 

6  roving-frames,  of  330  spmdles,  9.04  to  8.25; — average  8.67  H.P.,  or 
2.627  H.P.  per  loo  spindles. 

4  combing-machines,  2.228  H.P. 

20  spinning-frames,  dry,  1480  spindles,  47.50  H.P. 

20  spinning-frames,  wet,  2080  spindles;  spinning  Nos.  25  to  30,  46.59 
H.P.,  or  2.24  H.P.  per  100  spindles;  Nos.  40  to  70,  35.82  H.P.,  or  1.72 
H.P.  per  100  spindles.  For  several  particular  numbers,  the  power  was 
determined  to  be  as  follows: — 

No.  16, 3.200  H.P.  per  100  spindles. 

„    20, '. 2.760 

„    25, 2.262 

„    28, 2.190 

»    30, 2.140 

„    40, 1.917 


M.  Cornut  deduced  from  those  data,  that  the  horse-power  per  100  spindles 
varied  inversely  as  the  square  root  of  the  number. 

The  average  indicator-power  that  would  have  been  required  for  driving 
the  whole  of  the  machinery  in  full  work,  was  148.42  horse-power.  The 
actual  total  average  power  required  was  only  131.23  horse-power,  or  88  per 
cent  of  the  power  for  full  work;  being  17.19  horse-power  less  than  for  the 
whole  of  the  machines.  This  reduction  represents  the  power  for  the 
proportion  of  machines  at  rest 

The  power  required  to  drive  the  machines  when  empty  was  alsp  mea- 
sured. 

The  table  No.  318  contains  particulars  of  the  horse-power  required  for 
each  machine,  at  work,  and  empty.  The  indicator-power  may  be  divided 
thus : — 

Steam-engine,  shafting,  and  belts, 30  I. H.P.  or  20  per  cent 

Preparing  and  spinning  machinery,  &c., 120     „       or  80       „ 

\V^      ^^         100       „ 


RESISTAXC£  OF  WOO£JLEX-XrUL  XXCKIXOLY 


C^ 


Table  No.  31S. — Fulx  Maji  at  Hjiacfojcocxr — Kv«5S-fV»wwt  u^>ctMr 

■  F33111  3C  C  jcznc  s 


I 


.wnirttry 


r^Qi. 


Fir  Oner  Mjc^tunr 


Engines,  shafting.  22d  STfrx. 

4  Cards, - 

14  Drawing  firamcs  ^heaiii^ 

or  156  s&vcrs  ...^ —  ) 

4  Combing  macliines. 

6  Ro\'ing  firamcs  jjospcscfLes 
20  Spinning    frames,    dry    # 

(1480  spindles  ...- » 

20  Spinning    frames,    met    « 

(2080  spindles  , - • 

Total  horse-power,  all  ac  ^ 
work,  calculated  firom  ^ 
separate  experiments, —  ^ 

Total  hor.-power  that  would  f 
have  been  actualhr  ex>  ^ 
pended,  all  at  work, ) 


"■-"■•> 

4^59 

151.00 
14S-P 


2.105 


3« 


2.c*:r7  PL  100  spindles   C-4J4. 


^^ 


iK6 

»9 


Estimation  of  Herse-fcwrr  required  for  a  Flax  Sfinming-mUL — Let  the 
])Ower  be  expressed  in  terms  of  the  number  of  spindles  driven  by  1  imli* 
cator  horse-power.     \L  Comut  gives  the  following  data : — 

M.  Feray  d'Essone^....  55  spindles  per  H.P.  for  Na  4a 

20        „  ^  for  Na  6. 

English  estimate         )    25   spindles  per   H.P.,  for  Na   35  long  staple, 

(2000  to  12,000  spindles),  (  No.  18  tow. 

p._  TT^ -.  i    40  spindles  per  H.P.,  for  Nos.  35  to  51  long  staple, 

ur.  nanig, j  >^.^^  ^^  ^^  ^^  ^^^ 

Pj  1    ^  spindles  per  H.P.,  for  Nos.  25  to  jo  long  staple, 
(  Nos.  14  to  23  tow. 

M.  Comut: — 

2080  spindles,  wet, 34.4  spindles  per  H.P.,  long  fibre. 

640       „        dry, 20.1        „  „  „ 

840       „  „    14.5       n  n  tow. 


•3560 


n 


23.7 


» 


» 


RESISTANCE  OF  MACHINERY  OF  WOOLLEN  MILI& 

Dr.  Hartig,  of  Dresden,  tested  the  machinery  of  a  woollen  mill,  by  means 
of  a  dynamometer,  which  was  applied  directly  to  each  machine.  The  prin- 
cipal results,  showing  the  actual  horse-power  expended  in  driving  each 
machine,  when  empty  and  when  at  work,  are  given  in  table  No.  319. 
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Table  No.  319. — ^Woollen  Machinery — Horse-power  Required 

TO  Drive  the  Machines. 

(From  Dr.  Hartig*s  data.) 


Description. 


Washing  machine,  two  cylinders, .... 
Centrifugal  pump  for  this  machine,... 

Hydro-extractor,  

Burring  machine, 

Scutcher,  continuous  feed, 

Opening  machine, 

Scribbler  card,  40  inches  wide, 

Intermediate  card,         ,,  

Finishing  card,  „  

I  spindle,  spinning, 

I  spindle,  doubling,  

Sizing  and  warping  machine  (with-  ) 

out  ventilator), \ 

Lx>om,  7.54  feet  wide,  

Scouring  machine,  for  2  pieces,  

Fulling  mill,  i  cylinder,  for  nottveaut^s. 

Do.         3  cylinders,  for  cloth, ... 

Double  fulling  mill,  for  notweauih^... 
Do.  do.     for  cloth,      

Single  fulling  stock,  two  stamps  ) 
(Dobb's),   i 

Double  fulling  stock,  two  stamps  j 
(Spranger's),  j 

Gig  (Z^////^//r),  single,  without  spreader. 

Do.         double,  

Machine   for  dressing    the   reverse ) 

side,  with  cylinders, j 

Machine   for  dressing   the   reverse  ( 

side,  with  eccentrics,  \ 

Wringing  machine,  lengthwise, 

Do.  do.       across, 

Brushing  machine,  one  cylinder, 

Do.         do.       two  cylinders, ... . 


Ordinary 
Speed  in 

Turns  per 
Minute. 


turns. 

35 
300 

1000  to  1200 

350  to  500 

300 

350  to  450 

no 

2500 

1 100 

40  to  45 
40 
100 

45 
no 

100 
45 

blows. 
125 

116 

turns. 

90 

100 

100 

100 

650 

1000 

250 

250 


Indicator  Horse-power. 


Empty. 


H.P. 


.75 

1.47 

•47 
.42 

.34 
.27 


.005 


.13 

.19 

.17 

.71 

.30 
.16 

.53 

.43 

.19 
.20 

.II 

.17 

•52 
.25 

.37 


At  Work. 


H.P. 

.223 

.77 
1.20 

1.77 
.66 

II 

.43 

.0027 
.006 

.071 

"3 
.50 

2.54 

1-59 
2.74 

340 
326 

1.64 
1.99 

.73 
1.38 

2.03 

2-45 
.61 
.31 

1.03 


Effi- 
ciency. 


Vcent. 


39 

17 
29 

55 
40) 

-J 


93 
89 

73 
91 
95 


78 
74 


74 

86 
94 

93 

14 
22 

64 


AtWoA, 
Resistance 
(^Shafting 

induded.  i 


.1 


H.P.     1 

.80 
I.OO 

1-75 
.70 

I.OO 


175 

.003 

.007 

•075 

."3 

.55 
2.25 

1.50 

2.75 
325 
2.75 

1.70 

.75 

.75 
2.75 

•45 

.90 
.60 

.25 
.40 

.90 


RESISTANCE  OF  MACHINERY  for  CONVEYANCE  OF  GRAIN. 

Conveyance  of  Grain  horizontally  by  Screws  and  by  Bands. — A  1 2-inch 
screw,  having  4  inches  pitch,  turning  in  a  trough,  with  a  clearance  of  %  inch, 
revolving  with  the  speed  of  maximum  effect,  60  turns  per  minute,  discharged 
Gy^  tons  of  grain  per  hour,  expending  .04  horse-power  per  foot  run.  The 
sectional  area  of  the  body  of  grain  moved  was  49  per  cent,  of  that  of  the 
screw.  At  speeds  above  60  turns  per  minute,  the  grain  did  not  advance, 
but  revolved  with  the  screw. 


giaaii^ic&i  7^  ^ercffljiti  at:  diat  at:  thu  ^scoj'*. 

of  mali:  -er  ^1:111:..  5ar  jil  <gc^tani1nir^  cf  Ji.cj;:  mSiicaj*^  iv»c$5r*t?v*^<t«V. 


From  tfee  results  ot  retrtsic  Jiui  cjctiidl'v  vxnji^SiiJctjjvx  «:\:;Vt:U^^^ti5R^  tjW^Ar  ^ 
M.  Doijjmi:.  fee  miafe  c&e  tjjjCLQwinii  «&itDctifc?!Ot&  jj?.  tjt,>.  trffet  i!<«u>iMj»K^  tK>>  Qr)**-<]Ni^*|tj 
OD  maca^^ziSL&zfid  zonth-  Jjid  viHX  asxiiibsas:  'SCXtUkX^  ^^^tfcu^ctj^ :— - 

1.  The  resacmai:  k  direcdx  poj^ ^artiwnali  u©  ti&i^  ^>fltKU«»Cv. 

2.  It  Es  BBttdtfpgffiifkfnt  of  c&ue  wThit&t  ei  m^ 

3.  It  t>  EsnrersdiT  .£s  she  ^qtnire-  maioc  vaf  nbe  hIkub^^w; 

4.  It  k  EiKSep«sfti£E^  of  dbe  :S|)ie«d. 

sion,  the  resistance  snoeises  whfa  dbe  s|Vtf\i :  v^iiibt  ^1  i;^  «il::mwi$tM^^  \>sf'  4^ 
enlargement  ot  tite  tyre  up  to  a  certain  Kmit. 

M.  Debanve^  has  deduced  firom  expennvent.  thjU  the  Avbc'4a^^;3^  ^  4(  \^\^ 
raent  over  a  metalled  road  is  consideiahle  iw  wt^^oi^^s  i$  Vw*  Km  ^:i^ 
coaches,  and  is  neaHr  nothii^  for  n^hftrs  J^  imxtrs  or  j^jfivA^e  <  Alfi*|5:<^  fV 
summarizes  the  resistances  as  follows: — 

Waggon, 67  Ihs.  per  ton 3S  Ih^k  ^>cv  Ux^v 

Stage-coach,...    67  „  4$  ^ 

Cabriolet, 81  „  76  to  S3  x» 

M.  Tresca  tested  the  resistance  of  a  tram\\*ay  onxnibwji  \m>  \  am^^^V 
system,  adapted  with  wheels  for  running  on  a  common  rvwdx  Th^  i^\>^l4^ 
ments  were  made  on  an  inclined  street  m  Paris,  in  goot)  cont)iti^^»  h^vi^\^ 
ascending  gradients  of  i  in  55,  one  part  of  which  w;\s  j^vctl,  m%\  9k\MA\\p\ 
part  macadamized.  The  frictional  resistance,  after  the  gmviuti^A  ai\  \\\P 
incline  was  eliminated,  was  as  follows : — 

Q...«Ar^  Gross  Weight.  Speetl.  l»>iv^{»M\*J  ^♦•UHMWf- 

aURFACK.  j^^  ^l^jj  ^^  ^^^^^  ^^  ^  ^^^ 

Macadam, 5.67        ia7        Hi 

Pavement, 5.67        lai         60 

*  The  above  data  are  derived  from  Mr.  WestmncottN  \m\^er  ow  **  Vm\\'\\ii\p\\ii\\^\\\^ 
Machinery,*'  Proceedings  of  the  Institution  of  Mechanifal  Kny^inetn.  lHf»Ui  |»H|i^  408, 

•  Manuel  de  Vlnghtieur  des  Fonts  et  Chausshs,  1 873 ;  9«"»  fft»clcwio,  pttgtf  J|l. 
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RESISTANCE  OF  CARTS  AND  WAGGONS   ON   COMMON 

ROADS  AND   ON   FIELDS. 

The  resistance  to  traction  of  agricultural  carts  and  waggons  was  tested  at 
Bedford  in  July,  1874,  by  means  of  a  horse-dynamometer  designed  by 
Messrs.  Eastons  &  Anderson.^  The  first  course  was  a  piece  of  hard  road 
200  yards  in  length,  rising  i  in  430;  it  was  dry  and  in  fair  condition,  laigely 
made  of  gravel.  The  surface  was  in  many  places  somewhat  loose.  The 
second  course  was  along  an  arable  field,  growing  oats,  on  a  rising  gradient 
of  I  in  1000;  it  was  very  dry,  and  was  harder  than  in  average  condition. 

The  fore-wheels  of  the  waggons  averaged  3  feet  3  inches,  and  the  hind- 
wheels  4  feet  9  inches  in  diameter;  the  width  of  tyres  was  from  2^^  to  4 
inches.  The  weight,  empty,  averaged  about  a  ton,  and  it  was  nearly  equally 
divided  between  the  front  and  hind  wheels.  The  cart  wheels  were,  say, 
4  feet  6  inches  high,  with  tyres  ^j4  and  4  inches  wide.  The  weight  of  the 
empty  carts  averaged  10  cwt 

The  following  results  arise  out  of  the  published  data : — 


On  Road. 


Load, 

Gross  weight  drawn,  about 

Average  speed  per  hour,... 

Maximum  draft, 

Average  draft, 

Horse-power  developed, ") 
at  33,000  foot-pounds  > 
per  minute, ) 

Draft  per  ton  gross,  on  level, 

On  Field. 

Load, 

Gross  weight  drawn,  about 

Average  speed  per  hour,... 

Maximum  draft, 

Average  draft 

Horse-power  developed, ) 
at  33,000  foot-pounds  > 
per  minute, ) 

Draft  per  ton  gross,  on  level, 


Pair-horse 

Waggon,  with- 

out  Springs, 

Loaded  with 

Roots. 


44  cwt. 

2}4  miles 
320  lbs. 

159 


99 


1.06  H.P. 

[  43-5  Ihs., 
t    orVsa 


44  cwt. 

64  „ 

2.35  miles 
1000  lbs. 

700    „ 

4.36  H.P. 

(210  lbs., 
(    or  Vxx 


Waggon  with- 

out  Spring 

Loaded  with 

Maize. 


80  cwt. 

100     „ 

2.60  miles 
400  lbs. 

251    » 
1.74  H.P. 

44.5  Ihs., 


or  y 


50 


80  cwt. 
100    „ 
2.52  miles 
1 200  lbs. 

997    „ 
6.70  H.P. 

194  lbs., 
or  Via 


Waggcm  with 
Springs, 

Loaded  with 
Roots. 


44  cwt. 

64     „ 

2.47  miles 
300  lbs. 

133 


» 


.88  H.P. 

34.7  lbs., 
or  1/65 


44  CwL 

64    „ 
2.35  miles 

1000  lbs. 
710    „ 

4.45  H.P. 

210  lbs., 

or  Vxi 


Cart  without 

Springs, 

Loaded  with 

Roots. 


20  cwt. 

30     „ 

2.65  miles 
180  lbs. 

49-4    „ 

.35  H.P. 

28  lbs., 
or  Vso 


20  cwt. 

30  „ 

2.61  miles 
400  lbs. 
212    „ 

148  H.P. 

140  lbs., 
or  «/x6 


From  these  data  it  appears  that,  on  the  hard  road,  the  resistance  is  only 
from  i^th  to  '/eth  of  the  resistance  on  the  field.  The  lowest  resistance  is 
that  of  the  cart  on  the  road — 28  lbs.  per  ton;  due,  no  doubt,  as  observed 
in  Engineering,  to  the  absence  of  small  wheels  like  those  of  the  waggons. 

*  See  a  report  of  the  trials  in  Engineering,  July  10,  1874,  page  23. 
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The  highest  resistance  is  210  lbs.  per  ton— on  the  field.  The  addition  of 
springs  reduced  the  resistance  20  per  cent  on  the  road;  but,  on  the  field, 
the  resistance  was  not  reduced  by  the  addition  of  springs. 

Also,  diat  the  horse-power,  of  33,000  foot-pounds  per  minute,  developed, 
varied  fi-om  yi  H.P.  to  7  H.P.  Allowing  a  pair  of  horses  for  the  first  and 
third  columns  above,  two  pairs  for  the  second  column,  and  one  horse  for 
the  last  column,  the  following  are  the  total  works  done  per  horse,  in  tech- 
nical horse-power: — 

HORSB-POWSR  PBJt   HORSB. 

On  Road.  On  Field. 

Pair-horse  waggon,  without  springs, 5  3  H .  P 2. 1 8  H . P. 

Two  pair-horse  waggon,  without  springs,    .44     „        1.68     „ 

Pair-horse  waggon,  with  springs, 44     „        2.22 

One-horse  cart,  without  springs, 35     „        1.48 


n 


Total  averages, 44     „        1.89 

Averages,  without  springs, 44     „        1.78 


n 


Taking  the  average  power  exerted  without  springs,  .44  horse-power,  on  the 
road,  as  the  average  for  a  day's  work,  it  represents  "44  x  33,000  =  i4»52o, 
say  15,000,  foot-pounds  per  minute,  for  the  power  of  a  horse  on  a  hard 
road. 

The  resistance  of  a  smooth  well-made  granite  tramway,  like  the  tram- 
ways in  the  City  of  London  and  Commercial  Road,  made  >*nth  stones  5  or  6 
feet  in  length,  is  firom  i2j^  lbs.  to  13  lbs.  per  ton  of  weight. 

Ejcperiments  on  the  tractional  resistance  for  a  loaded  omnibus,  on  various 
kinds  of  roads,  were  made  by  a  committee  of  the  Society  of  Arts  :* — 

lbs. 

Weight  of  omnibus, 2480 

Load,  22  sacks  of  oats,  at  149  lbs., 3278 

Total  weight,  2.57  tons,  or 5758 

The  loaded  omnibus  was  drawn  to  and  fro  over  each  trial  surface,  and 
the  mean  result  was  taken  as  the  resistance  for  an  exact  level : — 

Rbsistancb. 

Average  Speed.        Total.  Per  Ton. 

miles  per  hoiu'.  lbs.  Ibt. 

Granite  pavement,  sets  3  to  4  inches  wide,  2.87  44-75  17.41 

Asphalte  roadway, 3.56  69.75  27.14 

Wood  pavement, 3.34  106.88  41.60 

Good  gravelly  Macadam  road, 3.45  114*32  44.48 

Granite  Macadam,  newly  laid, 3.51  259.80  101.09 

There  is  a  want  of  consistency  here,  in  the  excessive  resistance  on  an 
asphalte  pavement,  compared  with  that  on  a  granite  pavement.  There 
can  be  no  doubt  that  asphalte  pavement,  properly  made,  is,  of  all  pave- 
ments, the  least  resistant;  and  that  its  resistance  cannot  be  greater  than 
the  resistance  of  a  granite  tramway. 

*  Report  of  the  Committee,  yournai  of  the  Society  o/Arts^  June  25,  1875. 
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Sir  John  Macneil  gives  the  tractive  force  necessary  to  move  a  waggon 
weighing  21  cwt,  at  2^  miles  per  hour,  on  roads  of  the  following  descrip- 
tions ! — 

Total        ResistaDct 
Resistance,    per  Ton. 
lbs.  lbs. 

Well-made  pavement, 33  ...    31.2 

Road  made  with  6  inches  of  broken  stone  of  great  hardness, 

on  a  foundation  of  large  stones  set  in  the  form  of  a  ^  46 

pavement,  or  upon  a  bottoming  of  concrete, 

Old  flint  road,  or  a  road  made  with  a  thick  coating  of  broken  )  ,            , 

stone,  laid  on  earth, J  ^  "* 

Made  with  a  thick  coating  of  gravel,  laid  on  earth, 147  ...  140 


...     33  —     3'- 
>      46  ...     44 


Sir  John  Macneil  made  a  series  of  experiments  on  the  tractive  resistance 
of  a  stage-coach,  on  a  section  of  the  Holyhead  Road.  The  weight  of  the 
coach,  empty,  was  18  cwt.,  and  the  weight  of  seven  passengers  in  addition, 
allowing  i}4  cwt  for  each  passenger,  was  10^  cwt.;  total  weight  28}^ 
cwt.  The  experimental  gradients  ranged  from  i  in  20  to  i  in  600,  and  the 
speeds  were  6,  8,  and  10  miles  per  hour.  It  was  fomid  that,  by  some  un- 
explained cause,  the  net  frictional  resistance  at  equal  speeds  varied 
considerably  according  to  the  gradient  The  resistances  were  a  maximum 
for  the  steepest  gradient,  and  a  minimum  for  gradients  of  i  in  30  to  i  in 
40;  for  these  they  are  less  than  for  i  in  600.  The  mode  of  action  of  the 
horses  on  the  carriage  may  have  been  an  influential  element  The  averages 
show, — 

For  a  Stage-coach.  On  a  Metalled  Road. 

At    6  miles  per  hour, 62  lbs.  per  ton,  frictional  resistance. 

-'^t    8    „  „  73      „  „ 

At  10    „  „  79      V  ,, 

With  these  may  be  associated  the  resistance,  by  Sir  John  MacneiFs 
experiments,  of  a  waggon  on  a  good  road,  namely,  44  lbs.  per  ton,  at 
2  }4  miles  per  hour.  Plotting  the  resistances  for  the  above  four  speeds,  the 
following  approximate  formula  is  deduced: — 

Frictional  Resistance  to  Traction  of  a  Stage-^ocuh  on  a  Metalled  Road 

in  good  condition. 


K^^o  +  ^v-^-*/  lov    (i) 

R  =  the  frictional  resistance  to  traction  per  ton. 
V  =  the  speed  in  miles  per  hour. 

Note. — The  formula  is  applicable  to  waggons  at  low  speeds.  It  is 
simpler  than  the  formulas  deduced  by  Sir  John  Macneil.^ 

M.  Chari^-Marsaines  made  observations  of  a  general  character,  on  the 
performances  of  Flemish  horses  drawing  loads  upon  the  paved  and  the 
macadamized  roads  in  the  north  of  France,  where  the  country  is  flat,  and 
the  loads  are  considerable. 

*  Sir  John  Macneirs  formulas  are  given  in  Sir  Henry  Petmell  on  J^oads^  page  464. 
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Table  Na  320. — ^PERFoitMANxs  or  Horses  ox  Roads  ik  FltAXVi^ 

(31.  Ckuie-MsDESJEUKS^) 


WockDoM 

per  HvNtr  itt 

Teas  Dr&wai 

Otoe  Mifa. 


Ro«d.  , 


Winter,.. 
Sumnier, 


(  Macadam  <> 
\  Pavement  k 
)  Macadam 


1.306 
.851 

119S 
1. 141 


3.0$ 
1.9 1 

2.17 
2.16 


J 


2.677   \ 
2464  S 


1.644  to  I 
1.229  to  I 


The  average  daily  work  of  a  Flemish  horse  in  the  north  of  France  is,  on 
the  same  authority,  as  follows: — 

Winter, 21.82  ton-miles  per  day  in  winter. 

Summer, 27.82        „  „        in  summer. 


Mean  for  the  year,  say, ...  25.00 


>« 


It  has  already  been  stated,  page  720,  that  a  good  horse  can  draw  a  weight 
of  I  ton  at  2}^  miles  per  hour,  for  from  10  to  12  hours  a  day — equivalent  to 
(1x2^x10  =  )  25  tons  drawn  one  mile  per  da^.  This  is  the  same  amount 
of  performance  as  is  above  given  from  M.  Chan^-Marsaines. 

Coficluswn, — With  the  exception  of  Messrs,  Eastons  and  Anderson  at 
Bedford,  the  authorities  on  the  tractional  resistance  to  vehicles  on  common 
roads,  ignore,  with  remarkable  unanimity,  the  influence  of  sizes  of  the 
wheels  and  other  essential  particulars.  It  is  better,  therefore,  to  refrain 
from  attempting  to  draw  general  conclusions,  and  to  leave  the  figures 
"  to  speak  for  themselves." 


RESISTANCE  ON   RAILWAYS. 

The  Author^  deduced  from  experimental  data,  the  following  formulas  for 
the  resistance  of  locomotives  and  trains,  under  these  conditions : — the  per- 
manent way  in  good  order;  the  engine,  tender,  and  train  in  good  order; 
a  straight  line  of  rails;  fair  weather,  and  Hry  and  clean  rails;  an  average 
side  wind,  of  average  strength,  varying  (in  the  experiments)  from  slight  to 
VERY  strong: — 


Resistance  of  En^ne, 
Tender,  and  Train. 

171' 


Resutance  of  Train 
alone. 

240 


(0.(3) 


R  =  total  resistance  of  engine,  tender,  and  train,  in  lbs.  per  ton  gross; 
R' =  resistance  of  train  alone,  in  lbs.  per  ton;  z/  =  speed,  in  miles  per 
hour. 


'  Railway  Machinery^  1855,  pages  297,  298. 
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For  ordinary  practice,  to  meet  the  unfavourable  conditions,  which  may 
occur  in  combination,  of  frequent  quick  curves  under  one  mile  radius,  and 
strong  side  and  head  winds,  the  Author  estimated  from  his  own  observations 
that  the  resistance,  as  calculated  by  means  of  the  foregoing  rules,  should 
be  increased  50  per  cent.,  or  one-half  more.     On  this  basis,  for  speeds  of 

5,  10,       15,       20,       30,      40,       50,       60  miles  per  hour, 

the  frictional  resistances  per  ton  of  engine,  tender,  and  train,  are, 

12.2,       13,       14,     15.5,      20,       26,       34,     43.5  lbs., 
and  the  frictional  resistances  per  ton  of  the  train  alone  are, 

9.15,      9.6,     10.5,    11.4,     14.6,    19.0,     24,     31.5  lbs. 


RESISTANCE  ON   STREET  TRAMWAYS 

The  rails  of  street  tramways  are  rolled  with  a  groove  for  the  guidance  of 
the  wheels  by  the  flanges.  The  wheels  of  cars,  therefore,  do  not  run  so 
freely  as  those  of  carriages  or  waggons  on  railways.  The  average  frictional 
resistance  of  vehicles  on  tramways  is  30  lbs.  per  ton,  although  an  occasional 
maximum  of  60  lbs.  per  ton  may  be  reached,  and,  on  the  contrary,  a  mini- 
mum of,  say,  15  lbs.  per  ton,  when  the  rails  are  wet  and  clean,  straight  and 
new.  The  resistance  due  to  clogging  of  the  grooves  of  rails  was  brought 
into  evidence  by  Mr.  J.  Arthur  Wright,  who  found  that,  on  a  dusty  day,  on 
the  steam  lines  of  the  Rouen  tramways,  when,  despite  every  effort  to  keep 
the  rails  clear,  the  grooves  became  filled  with  dust  and  dirt,  the  engines 
consumed  about  2  J^  lbs.  of  .coke  per  mile  more  than  they  did  under  more 
favourable  circumstances,  when  the  consumption  averaged  about  12  lbs.  per 
mile.     The  excess  is  nearly  20  per  cent  over.^ 

*  These  data  are  derived  from  Tramways^  their  Constrtution  and  Working,  1882,  by 
D.  Kinnear  Clark,  p.  180. 


ATTi>cr:x 


r  '  ^« 

xrs  hrtv   *m>  »t  ,-iii«^  '^**'^  -^ 
"'--      at  t.»t   J*  **tv*  »'■«   «^Wt 

fixed  TL  :ioi  -r^s^  znr  mnassssL  n  na  wvkk  ^  si  tinw  «^  il  -«i*Nk> 
slii£ae  sou;  it  ararinam  n   nt   ntanmirt  scMc.  **vV,  w  jj<»jV»»*'  *••.■ 

at^OKei  Bi  aat  is  =na::c«  in-  oisw^to:  Vjc  simT  >v  .j^w^iiflvsii  ^v.  rti*. 
of  s  per  :f  -vee:  ii  isna:  ne  j«".iu«?Mr.  j^  toj*  rt'  %;»«<•  is  T4v«^fVil 
into  tix  =xm='  -v^ie.  ant  lie  ahanw:  -vaif  »  a«  '••iifc  iis  wv  !«  »V 
;  I  -hit  -wicsr  M  Tnianyi  >i  :*ir  .t^JJNc>  ■*•*>.■  v<  »V  tVW' 

of  which  dK  :Eiint=Knrt:  s  jr  ^  iBrAsir5N=,  «>wf  *  *-  V*  S^  *  >«N»,v  >v 
dme  of  fcsn  :  :n  ;:  inmnisk.  »n:vc^inM:  to  ;Sr  flsSf'nsd^^  v«  >hi**  ?^  V 
measnreiL  HnTui  lesi  zms  Tispi  to  5*  WMKv«rs:«r  ,i"  vW  MvWtiV  V* 
current,  vx  cjiaf^  is  TrSiJifj.  jad  .^sjcUv  Av'^-^x\!  »**  »)>,■  ^AWx  **»*■ 
teniperatsre  «  =»:  wsxc  s  ixjioi  jc  dsc  raw  v-*"  \'  i^t  i>jh*  jy*  v*  »W 
temperatcre  irf=e  «rcc«  CTSsier,  Tfcc  rsc  ot  rtw  WM»y««W  w^x  ttri^f, 
be  read  off  <&«:  at  Tie  pymBRn  snV.  AvW  ^>  the  (\'«(^'>t'*i*iw*  »>)»\ 
noted,  the  obsenof  jaxai  xce^xoudtv  d  th«  vratcr.  aavI  itw-  mw  M  t^ 
exact  tempoaiare  rec=ied.  For  verr  hij^  tcm)>iimiut<(«,  \'\t^W  V* 
pladnum  maj  be  onpicwd. 


ATMOSPHERIC     HAMMKRS, 

In  the  hammers  designed  by  M,  Chenot  Ain^,'  «tnuMnA«i»'  Aft  W 
employed  as  a  spring,  for  the  purpose  of  aminuilaliitu  AUt)  i«t'  Ai^)«l\tt^  tW 
motive  power  to  the  hammer.  The  hammer  is  A  I'yiiiwlcr  tunml  llsw  <mt 
to  end,  and  bored  out  to  two  different  ditmetcn.     It  It  tlivltlvt)  Intst  l«s\ 


968  APPENDIX. 

chambers  by  a  diaphragm  at  the  middle.  The  lower  end  is  thus  completely 
inclosed,  whilst  the  upper  end  is  open.  Two  pistons  fixed  to  one  rod, 
passing  through  the  diaphragm,  play  in  the  upper  and  lower  chambers; 
and  they  receive  a  reciprocating  motion  from  a  crank  overhead,  driven  by 
a  band  passed  over  a  pulley  fixed  on  the  crank-shaft  The  cylinder-hammer 
is  thus  floated  on  the  pistons  by  means  of  air-cushions,  of  which  there  is 
one  above  the  diaphragm,  one  below  it,  and  a  third  below  the  lower  piston; 
and  it  is  impressed  with  a  reciprocating  movement  following  the  reciproca- 
tions of  the  pistons,  by  the  agency  of  these  cushions  of  air.  The  height  of 
the  fall  and  the  force  of  the  blow,  are  regulated  by  the  speed  at  which  the 
machine  is  driven.  There  is  no  sensible  heating  or  cooling  of  the  working 
parts,  and  M.  Chenot  estimates  that  the  efficiency  of  the  machine  amounts 
to  75  per  cent,  of  the  power  conmiunicated  to  the  driving  pulley. 

The  chief  feature  of  interest  in  this  machine  is  the  employment  of  air 
compressed  and  expanded  to  two  or  three  times  its  normal  volume,  without 
any  inconvenience  by  either  heat  or  cold.  It  is  obvious  that  during  the 
momentary  actions  and  reactions,  time  is  not  afforded  for  the  heating  and 
cooling  effects  of  changes  of  temperature  in  the  air  to  take  place.  Hence 
the  high  efficiency. 


BERNAYS'  CENTRIFUGAL  PUMP. 

[Appended  to  "  Pumps^^  page  944.] 

Mr.  Joseph  Bemays  constructs  the  discs  of  his  pump  with  a  double  joint, 
the  inner  one  being  the  joint  universally  employed  around  the  suction- 
openings,  by  which  the  water  is  admitted  from  tlie  suction-passages  into  the 
disc.  The  second,  or  outer,  joint  is  at  the  extreme  diameter  of  the  disc, 
and  it  prevents  the  pressure  of  the  water  in  the  delivery-pipe  from  reacting 
on  the  outer  faces  of  the  revolving  disc.  A  saving  of  power  is  thus  effected, 
in  reducing  the  loss  by  friction  on  the  disc. 

The  form  of  the  vanes  of  Mr.  Bemays'  encased  pump,  may  be  roughly 
described  as  semi-elliptical,  or  the  half  of  a  flat  ellipse  divided  at  its  longest 
diameter;  the  concave  surface  being  presented  to  the  water  in  the  direction 
of  the  motion.  By  the  adoption  of  such  a  form,  it  is  designed  that  the 
blade  should  scoop  up  the  water  arriving  at  the  centre  of  the  pump  by  its 
inner  edge,  and  should  project  the  water  forward  in  a  direction  as  nearly 
tangential  as  possible  by  its  outer  edge,  at  the  circumference.  WTien  the 
pump  is  not  encased,  and  the  water  is  delivered  into  an  open  well  or 
reservoir,  the  outer  end  of  the  vane  is  cur\^ed  backwards  for  the  purpose  of 
facilitating  the  discharge  radially.  In  this  case,  the  blades  acquire  an 
ogee  form,  like  Rankine's  fan. 

Mr.  Bemays  has  supplied  the  following  note  on  centrifugal  pumps : — 

"  The  only  parts  of  a  centrifugal  pump  which,  when  at  work,  absorb 
more  power  by  friction  than  is  due  to  the  mere  velocity  of  the  water  passing 
through  the  pump,  are  the  outer  faces  of  the  revolving  disc  These  outer 
faces  are  surrounded  by  water  quite  or  nearly  stationary,  and  as  they  them- 
selves revolve  at  a  speed  proportionate  to  the  height  to  which  the  water  is 
to  be  lifted,  more  or  less  independent  of  the  quantity  that  passes  through 
the  pump,  they  tend  to  carry  the  surrounding  water  round  with  them. 
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According  to  the  greater  or  less  pressure  under  which  the  pump  works>  the 
friction  produced  will  be  greater  or  less,  just  as  there  is  greats  skin  resist- 
ance in  a  vessel  of  greater  draft  than  in  one  of  light  draft,  both  having  an 
equal  extent  of  sur&ce.  The  saving  of  power  effected  by  the  removal  of 
the  pressure  of  the  water  in  the  delivery  pipe  of  Mr.  Beraays*  pump,  as 
above  explained^  is  afl  the  more  necessarj-,  since,  with  a  centrifugal  pump, 
the  power  required  for  driving  it  increases  rapidly,  and  in  a  greater  ratio 
than  the  heights  of  delivery  to  which  such  pump  may  have  to  be  applied. 
This  is  a  point  to  which  the  attention  of  engineers  and  users  of  centrifugal 
pumps  has  never  been  called,  or,  if  it  has  ever  been  mentioned,  it  has  been, 
and  is,  constandy  lost  sight  of.  Nevertheless  the  fact  is  clear,  and  the 
explanation  very  simple  indeed.  The  only  working  parts  of  a  centrifugal 
pump  which,  irrespective  of  the  friction  previously  mentioned,  actually 
propel  the  water  and  absorb  the  power  applied  to  it,  are  the  arms  or  \'anes 
radiating  from  the  centre  to  the  outside  of  the  disc.  The  shape  of  these 
arms  may  for  a  moment  be  lefr  out  of  consideration,  as  their  more  or  less 
perfect  form  accounts  for  a  mere  percentage  only  of  the  whole  power  used 
for  driving  a  centrifugal  pump.  The  main  power  is  used  in  driving  or 
pushing  the  arms  against  the  water  at  a  speed  calculated  to  produce  a 
pressure  equal  to  or  rather  in  proportion  to  the  height  to  which  the  water 
is  raised.  Now,  the  speed  at  the  outside  diameter  of  the  pump  disc  is 
approximately  equal  to  that  of  a  body  falling  from  the  height  to  which  the 
water  is  lifted,  or  it  is  directiy  proportionate  to  the  square  root  of  that 
height  And  as  the  direct  resistance  which  the  arms  meet  with  in  their 
rotation,  is  simply  proportional  to  the  height  to  which  the  water  is  to  be 
lifted  (the  same  as  in  common  reciprocating  pumps),  it  follows  that  the 
amount  of  power  necessary  for  working  the  pump,  is  a  fiinction  of  the  height 

multiplied  by  its  square  root,  ox  h  tj  h  =  ij  h\ 

Thus,  a  pump  requiring  20  H.P.  to  raise  water  10  feet  high,  ^-ill,  if  the 
height  be  increased  to  40  feet,  not  merely  require  4  times  the  power  for  the 

same  quantity  delivered,  but  4  multiplied  by  ^^  4,  or  8  times,  that  is, 
160  H.P.  And  it  evolves  from  this,  that  although  centrifugal  pumps  are 
an  exceedingly  useful  and  simple  mechanical  appliance  for  raising  large 
quantities  of  liquids  to  moderate  height, — and  it  may  here  be  added,  xntriabU 
quantities  to  variable  heights, — they  should  not  be  made  use  of  for  great 
heads  of  delivery,  where  the  cost  of  the  power  employed  to  work  them  is 
any  consideration." 


STEAM- VACUUM     PUMP. 

{Appefided  to  ** Pumps,'' page  944.] 

The  Steam-vacuum  pump  belongs  to  the  class  of  pumps  on  Savary^  old 
system,  in  which  steam  from  the  boiler  is  admitted  into  direct  contact  with 
the  surface  of  the  water  to  be  forced.  Experiments  were  conducted  by 
Mr.  J.  F.  Flagg,  at  the  Cincinnati  Exposition  of  1875,  on  such  a  pump.^ 
The  water  was  drawn  directly  from  a  canal,  through  a  3-inch  pipe,  155  feet 

*  yntmal  of  the  American  Society  of  Civil  Engineers,  December,  1876,  page  381. 
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long,  with  a  lift  of  10.83  feet.  The  head  of  pressure  was  regulated  by 
means  of  a  cock  applied  to  the  discharge  pipe.  The  proportion  of  primed 
water  in  mixture  with  the  steam  was  ascertained,  and  allowed  for: — 

ist  trial.  2d  trial 

Effective  pressure  in  boilers,  lbs.  per  sq.  inch,  72  lbs 57  lbs. 

Temperature  of  water  in  canal,  Fanrenheit,         60®        6i*.5 

Do.  effluent  water,  „  86*.9      73°.! 

Pressure  at  the  gauge,  lbs.  per  sq.  inch,  35.3  lbs 16.3  lbs. 

Do.  feet  of  head,  81.8  ft 377ft. 

Steam  consumed  per  horse-power,  per  hour,        477'5  lbs 390.715$. 

Coal        do.  do.  (allowing  9  lbs.  water  per 

pound  of  coal),  53.1  lbs 43.4lbs. 

Duty  pier  100  lbs.  of  coal,  foot-pounds,  3,732,260 4,561,200 
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-    ACCELERATED    — 

Accelerated  and  retarded  motion,  aSa,  386. 

Accelerating  forces,  38a. 

Acre,  137:  equivalent  value  in   French  measures, 

«53..«56. 
Adnesion  of  leather  belts,  744,  748. 

Air:  as  a  standard  for  weight  and  measure,  177; 
pressure  of  air,  trf;  measures  of  pressure  of  air, 
xa7;  weight  and  volume  of  air,  137;  weight  of  air 
compared  with  that  of  water,  or  its  specific  gravity, 
xa8:  specific  heat  of  air,  128. 

Air  and  aqueous  vapours,  mixture  of,  394,  396. 

Air,  expansion  of,  343,  345;  relations  of  the  pressure, 
volume,  and  temperature  of  air  and  other  gases, 
346,  351 :  special  rules  for  one  pound  weight  of  a 
gas,  34^;  uble  of  the  volume,  density,  and  pres- 
sure <M  air  at  various  temperatures,  ^51 :  specific 
heat  of  air,  354,  358,  363;  comparative  density 
and  volume  of  air  and  saturated  steam,  391. 

Air,  ascension  of,  by  difference  of  temperature,  897. 

Air  consumed  in  the  combustion  of  fuels,  400,  405: 
coals,  427;  coke,  435:  wood,  443;  wood-charcoal, 

45a- 
Air  and  other  gases,  flow  of,  891.   See  Fltnv  qfAir, 

page  974. 

Air,  dry,  or  other  gas,  work  of,  compressed  or  ex- 
panded, 898.     Sm  H^0rk  0/ Dry  Air,  page  984. 

Air,  hot,  and  stoves,  heating  by,  488. 

Air,  resistance  of,  to  the  motion  of  flat  surfaces,  897. 

Air,  work  of  compression  of,  at  constant  tempera- 
ture, 899:  adiabatically,  903. 

Air,  work  of  expansion  of,  at  constant  temperature, 
899:  adiabatically,  904. 

Air  machinery,  9x5;  machinery  for  compressing  air, 
and  for  woncing  by  compressed  air,  915;  compres- 
sion of  air  by  water.  91s;  by  direct-action  steam- 
pumps,  915;  compressed  air  machinery  at  Powell- 
Duffrya  Collieries,  9x6. 

Hot-air  engines,  ^17;  Laubereau's  hot-air  engine, 
9x7:  Rider's  hot-air  eneine,  px7;  Belou's  hot-air 
engine,  918;  Wenham's  not-au*  engine,  919. 

Gas-engines,  920;  Lenoir's  double-acting  gas- 
engine,  9ao;  Hugon's  gas-engine,  931;  Otto  and 
Langen*s  atmospheric  gas-engme,  9aa. 

Fans  or  ventilators,  924;  Common  centrifugal 
£ui,  024;  mine-ventilators:  —  Guibal's  fan,  935; 
Coolrs  ventilator,  936;  blowing -engines,  926; 
Root's  rotary  pressure-blower,  937. 

Air-pyrometer,  337. 

Air-thermometers,  335;  Regnault's,  326. 

Alloys,  melting  points  of,  363:  table,  366. 

Alloys,  specific  gravity  of  alloys  of  copper,  aoo,  aox. 
636,  trj',  of  gold  and  other  metals,  3ox. 

Ahtminium-bronze,  tensile  strength  of,  637. 

American  coals,  4x8.    See  Coal,  page  97a. 

Anemometer,  893. 

Animal  substances,  weight  and  q)ecific  gravity  of, 

3X2. 

Aimealed  and  unannealed  wrought-iron  plates,  com- 
parative strength  of: — Krupp  and  Yorkshire 
I^es,  583-585;  Prussian  plates,  586. 

Aimealed  and  unannealed  steel  plates,  comparative 
strengthof :— Fagersta,6o6, 607, 609-61 1 ;  Siemens' 
steel,  613. 

Annealed  and  uiuinnealed  wire,  phosphor  bronae, 
copper,  brass,  steel,  iron,  tensile  stroigth  of.  609. 


-    BOLTS    — 

Anthracite: —British,  409,  4x3:  American,  4x8,  4x9; 
French,  421,  422:  Russian.  422;  manufacture  of 
coke  with,  432. 

Anthracitic  coke,  433. 

Applications  of  heat,  459:— Transxmssion  of  heat 
through  solid  bodies,  459:  warming  and  ventila- 
tion, 477;  heating  of  water  by  steaun  in  direct  con- 
tact, 490;  spontaneous  evaporation  in  open  air, 
491;  desiccation,  493:  heating  of  solids,  497. 

Aqueous  vapour,  nuxture  of,  with  air,  prcq;>aties 

of.  394.  396. 
Are,   149:  equivalent  value  in  English  measures, 

«53- 
Armstrong's  hydraulic  machines,  950W 

Asphalte:^-composition,  437:  heat  of  combustion, 

437.  438:  weight  and  sp«afic  gravity.  307,  437. 
Ass,  work  of,  in  carrying  loads,  73X. 
Atmospheric  gas-engine.  Otto  and  Langen's,  93a. 
Atmospheric  hammers,  by  M.  Chenot  Ain^  967. 
Australian  coal,  433,  424.    See  CoaL,  page  97a. 
Axles,  railway,  proportions  of,  767. 


B 


Balls,  cast-iron,  weight  of;  multipliers  for  other 
metals,  358;  diameters  of,  for  given  weights,  358. 
Baricer's  water-mill,  939. 

Beams,  flanged,  transverse  strength  of:— cast-iron, 
647;  wrought-iron,  653. 

Beams,  forms  of,  of  uniform  strength,  5x7. 

Beams,  uniform,  supported  at  three  or  more  points, 
533:  distribution  of  weight  on  the  points  «  sup- 
port. 533:  deflection,  534. 

Beams,  homogeneous^,  transverse  strength  of,  503. 
See  Transverse  StreM^tk,  page  981. 

Belt-pulleys  and  belts,  743: — Speeds,  743;  tennle 
strength  of  belts,  743;  horse-power  transmitted 
by  leather  belts,  743:  adhesion  and  power  of  belts, 
744;  M.  Morin's  experiments:  M.  Claudel's  data, 
746:  Mr.  Evan  Leigh's  rules  for  beltiiu^,  746:  ex- 
amples of  very  wide  belts,  747,  749:  Mr.  'Towne's 
experiments  on  the  adhesion  of  belts,  748;  table 
of  the  driving  power  of  belts,  749. 
India-rubber  belting,  75a 
Weight  of  belt-pulleys,  750. 

Belts,  743.    See  Belt-Alleys  and  Belts. 

Bending  strength  of  wrought-iron  plates,  Knipp  and 
Yorkshire,  586. 

Bemays*  centrifugal  pump,  968. 

Bevil-wheels.     See  Toothed  WheelSy  page  98r. 

Birmingham  wire-gauges,  X30^  X3x;  metal-gauge  or 
plate-gauge,  13 1. 

Bitumen,  weight  and  specific  gravity  of,  307. 

Blower,  Root's,  937. 

Blowing  engines,  936 

Boghead  ctnl,  4x7. 

Boilers,  strength  of  suyed  surfaces  of,  685.  See  Eva- 
poraiive  Efficiency^  Evaporatixfe  Performance. 

Boiling  points  of  liquids,  368;  of  saturated  solutions 
of  salts,  369;  of  sea- water,  370;  boiling  points  at 
various  pressures,  37a 

Bolts  and  nuts,  standard  uses  of:— Whitworth*s 


972 


INDEX. 


—    BOLTS    - 


—    COALS    — 


system,  68 1,  682;  American  system,  683;  Armen- 
gaud'ii  French  system,  683,  684. 

Bolts  and  nuts,  screwed,  tensile  strength  of,  68a 
Sec  Tensile  Strength,  page  980. 
\^^  Boy  den  turbine,  940. 

Bras-s,  tensile  strength  of,  637, 6a8:  brass  tubes,  6*7; 
brass  wire,  627,  029. 

Brass,  weight  of:  —  tabulated  weights,  axo-aax; 
rule  fur  the  length  of  brass  wire,  224;  multiplier 
for  the  weight  of  brass  bars,  plates,  sheets,  &c., 
226:  special  tables  of  the  weight  of  brass  tubes 
and  sheets,  352,  266-368:  multiplier  for  the  weight 
of  brass  balls,  258.  See  Weight  of  Iron  and  other 
MetaU^  page  983. 

Breakage  of  coal,  409,  410. 

Breast  water-wheel,  938. 

Bricks,  cemented,  adhesion  of,  630. 

Bricks,  crushing  strength  of,  631. 

Brickwork,  crushing  strength  of,  631. 
.      British  coals,  412.     See  Coal. 

I      Bronze,  tensile  strength  of,  637,  6a8:  aluminium- 
bronze,  627. 

Buckled  iron  plates,  strength  of,  660. 

Builders'  measurement: — superficial,  137;  cubic,  137. 

Building,  measures  relating  to,  144. 

Bulging  strength  of  wrought  iron: — Sir  Wm.  Fair- 
bairn  s  experiments,  569:  Mr.  Kirkaldy's  experi- 
ments on  Krupp  and  Yorkslure  iron,  585;  on 
Prussian  iron,  586. 

Bulging  strength  of  steel: — Fagorsta  steel,  611;  Sie- 
mens^ steel,  6x3. 

Bulk  of  coal,  &c  See  Weight  and  Bulk  of  Coal, 
&c.,  page  983. 

Buoyancy,  277. 

Bursting  pressure,  resistance  to,  687.  See  Strength 
0/ Hollow  Cylinders,  page  979. 

Bushel  measures:— Standard  bushel,  139;  sundry 
bushel  measures  for  coal,  143;  equivalent  value  in 
French  measures,  154. 


Camel,  work  of,  in  carrying  loads,  721. 

Carbon,  constituent,  influence  of,  on  the  tensile 
strength  of  steel,  621;  on  the  transverse  strength 
of  steel  rails,  664. 

Carbon,  process  of  combustion  of,  399. 

Carrtfe's  cooling  apparatus,  373. 

Cast  iron,  strength  of,  553.  See  Strength  0/ Cast 
Iron,  page  979. 

CiNt  iron,  weight  of:— Data  for  the  weight,  317, 
218:  rules  for  the  weight,  223:  tabulated  weights, 
219-221  :  multiplier  for  the  weight  of  cast-iron 
bars,  plates.  &c.,  226;  special  tables  of  weight  of 
cast-iron  pipes,  cylinders,  and  balls,  251,  253-258; 
and  of  weight  of  cast-iron  water-pipes,  936:  and 
gas-pipes,  936.  See  Weight  of  Iron  ana  other 
Metals,  page  983. 

Cast-iron  columns,  strength  of,  643-645. 

Cast-iron  flanged  beams,  transverse  strength  of, 
647: — Experiments  by  Mr.  Hodgkinson,  by  Mr. 
Berkley,  by  Mr.  Cubitt,  and  others,  647;  tabu- 
lated results,  649;  formulas  and  rules,  651. 

Elastic  strength  and  deflection,  formulas  and 
rules,  652. 
Catenary,  273. 

Cement,  strength  of :— Tensile,  630;  crushing  632. 
Central  forces,  294. 

Centres,  mechanical,  287.     See  Mechanical  Prin- 

cities,  page  977. 
Centrifugal  force,  274,  294;  rules,  295. 
Centrifugal  pumps,  946;  centrifugal  pump  by  Mr. 

J.  Bern  ays,  968. 
Chain,  endless,  pump,  947, 
Chains,    tensile    strength    of,  677.       See    Tensile 

Strength^  page  9^0. 
Chains,  weigtit  of,  678,  679. 
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Channels,  flow  of  water  in,  932;  limits  of  vdocityat 
the  bottom,  934. 

Charbon  de  Paris,  449. 

Charcoal,  brown,  manufacture  of,  449. 

Circles,  properties  of,  21 :  mensuration  of,  24 

Circular  arcs,  35:  tables,  95,  97. 

Circumferences  of  circles,  &c.,  35;  taUes,  66,  87. 

Cloth  measure,  130. 

Coal,  409:  classification  of  cools,  409;  small  coal. 
409:  utilization  of  small  coal,  410;  detenoratioD  of 
coal  by  exposure,  413. 

British  coals,  412;  compositioin  of  bitiuninous 
coals — Dr.  Richsirdson's  analyses,  413;  wddtt 
and  composition  of  British  and  foreign  coals  qr 
Messrs.  Delabiche  and  Playfair,  413:  variajbom 
of  chemical  composition,  415:  average  consMMi- 
tion.  415:  Welsh  coals,  analysis  by  Mr.  G.  J. 
Snelus;  patent  fuels,  4x6;  weight  and  Udk  of 
British  coals,  416:  hygroscopic  water  in  BfttUi 
coals,  4x6:  TorbanehilFor  Boghead  coal,  ^17;  its 
composition,  417:  air  chemically  consumed  io  tlie 
comoustion  of  OMd,  428. 

American  and  foreign  coals,  418:  Professoi  W. 
R.  Johnson's  analyses,  4x8;  ctmipositioa,  41B: 
weight  and  bulk,  418,  4x9. 

French  coals,  420;  classificatioa  according  to 
behaviour  iu  furnace,  and  according  to  sze,  490: 
utilixation  of  small  coal,  430:  composttioo  and 
heating  power,  420,  42a;  weight  and  volume,  490; 
lignites,  423. 

Indian  coals,  ^33;  comparative  compontioo  of 
Australian,  Nerbudda,  Nagpore,  and  EagU 
coals,  424:  composition  of  Indian  coals,  435. 

Combustion  of  coal,  426.  See  Comimstim  ^ 
Coal,  page  973. 

Coal,  best,  and  inferior  fuels,  equivalent  wdgfats  d^ 
820. 

Coal,  brown.     Sec  Lignite,  page  976. 

Coals,  volume,  weight,  and  specific  gravity  of,  aofi, 

207. 
Coals:  evaporative  performance  of  English  coals  bf 
Me<isrs.  Delab^che  and  Playfair,  770;  of  Hix^ley 
Yard,  l^nca&hire,  coal,  in  stationary  boilers,  771; 
of  South  Lancashire  and  Cheshire  coals,  b  a 
marine  boiler  at  Wigan,  781 ;  of  Newcastle  aixi 
Welsh  coals  in  the  Wigan  marine  boiler,  784;  of 
Newcastle  coals,  in  a  marine  boiler  at  Newcuetk- 
on-Tyne,  785:  of  Newcastle  and  Welsh  coals  in 
the  Newcastle  boiler,  787:  of  Welsh  azui  New- 
castle coals,  in  a  marine  boiler  at  Keyham,  790: 
of  American  coals  in  a  stationary  boiler,  791 :  aod 
in  a  marine  boiler,  795;  coal  in  locomotives,  800; 
Llangennech  coal  in  portable-engine  boilers,  801. 

Grate-area  and  heating  surface,  relation  of,  to 
evaporative  performance  in  steam-boilers,  803; 
experiments  by  Mr.  Graham,  802 :  by  Messs. 
Woods  &  Dewrance,  803 :  by  M.  Paul  Havrez, 
8or 

Formulas,  deduced  from  the  results  of  expen 
ments,  804-831 ;  table  of  evaporative  performance 
by  formulas,  819 :   table  of  equivalent  weights  of 
best  coal  and  inferior  fuels,  820. 

Heating  surface  and  grate  area,  relations  of,  to 
evaporative  performance  in  steam-boilers,  80a. 

Evaporative  performance  of  steam-boilers,  ex- 
perimental, influence  of  various  circumstances  and 
various  treatment  on : — proportion  of  oxygen  is 
coals,  771 ;  area  of  grate,  773,  78X,  796:  coking 
fires  and  spreading  fires,  773,  779, 780,  782 :  thwk- 
ness  of  fire,  773,  779,  780,  783  ;  admission  of  air 
above  the  grate,  772-774.  78'.  794- 

Green's  economizer,  77a,  775,  778,  779;  water- 
tubc«t,  775,  776 :  volume  of  air  siipply,  778 ;  steam 
of  higher  pressure,  779  ;  D.  k.  Clark's  steaai- 
induction  apparatus,  779 :  fclf-feeding  firegrates 
(Vicars'),  780;  calm  and  windy  weather,  780: 
forcing  the  draught,  781,  784;  mverted  liidge, 
Ti^f,  'wA>aLOlvs«v  <a.<f  vVv^  ftue  surCace,  775,  78"^.  795. 
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-    CRUSHING    - 


—    FRENCH    — 


Crushing  resistance.      See  Compressive  Streng^tk, 

page  973. 
Crushing  strength  of  bricks  and  brickwork,  631. 

Crushing  strength  of  concrete,  632. 

Curvilineal  figures,  mensuratiun  of,  25. 

Cycloid  and  epicycloid,  problems  on,  19 :  mensura- 
tion of,  35. 

Cylinders,  hollow,  strength  of,  687.  Sec  Strength 
qfHoihw  Cylinders ^  page  979. 

D 

Daniell's  pyrometer,  327. 

Deflection  of  beams  and  girders,  537.  See  Trans- 
verse De/lection^  P^gc  981. 

Deflection,  torsional,  536.  See  Torsional  Defltc- 
tion^  page  981. 

Deflection,  transverse,  of  shafts,  756 ;  formulas  for 
deflection,  756 ;  for  diameter  and  side.  757 ;  for 
distributed  weight,  757  ;  over-hung  shafts,  757. 

Formulas  for  gross  distributed  weight,  length 
of  span,  757. 

Deflection  of  cast  iron.  See  Transverse  Strength^ 
page  981;  and  Torsional  Streng^k^  pa£>c  981. 

Deflection,  transverse,  of  flanged  beams: — cast- 
iron,  65a  ;  wrought-iron,  657,  660. 

Deflection  of  steel  bars.  See  Transverse  Strength^ 
page  981;  and  Torsional  Strength,  page  981. 

Deflection  of  timber.  See  Transverse  Strength^ 
page  983. 

Deflection  of  wrought  iron.  See  TransT/erse 
Strength,  page  982;  and  Torsional  Strength, 
page  981. 

Density,  specific,  of  steam,  384,  385. 

Desiccation,  ^93 ;  drying  chambers,  494  ;  drying  by 
contact  with  heated  metallic  surfaces,  496 :  drying 
grain,  496 ;  drying  wood,  496. 

Deterioration  of  coal  by  exposure,  412,  425. 

Dew-point,  392. 

Diagonal  rivet-joints  in  iron  plates,  strength  of,  638. 

Diamond  weight,  141. 

Distillation  of  wood,  449. 

Drilled  holes,  influence  of,  on  strength  of  iron 
plates.  584. 

Drilled  wrought-iron  plates  and  punched  plates, 
tensile  strength  of: — Krupp  and  Yorkshire  iron, 
584  :  Staflbrdshire  bar,  633. 

Drilled  steel  plates  and  punched  steel  plates,  tensile 
strength  of,  610,  6x1 ;  elongation,  611. 

Dry  measure,  English,  139 ;  French,  149. 

Ductility.     See  Elongation. 


Elasticity,  coefficient  of,  503. 

Elements,  mechanical,  296.  See  Mechanical  Prin- 
ciples, page  977. 

Ellipse,  problems  on,  13  :  mensuration  of,  25. 

Elongation  of  cast  iron,  under  tensile  stress,  558, 
560. 

Elongation  of  steel,  under  tensile  stress: — bars, 
593-596,  598,  601,  605-611,  613-615,  624. 

Elongation  of  timber,  under  tensile  stress,  545,  546. 

Elongation  of  wrought  iron,  under  tensile  stress: — 
bars,  572-577.  580,  581,  624  ;  plates,  577,  578,  583; 
holes  m  plates,  584,  615. 

Engines,  pumping,  water-works,  947. 

Evaporation,  cold  by,  376. 

Evaporation,  spontaneous,  491. 

Evaporative  efficiency  of  steam-boilers,  768. 

Evaporative  performance  of  steam  boilers,  768;  nor- 
mal standards,  768;  heating  power  of  fuels,  769; 
evaporative  power  of  coals, 'by  Messrs.  Delabcche 
and  Playfair,  770;  performance  of  Lancashire 
stationary  boilers  at  Wigan,  771,  811 ;  performance 
of  a  marine-boiler  at  Wigan,  781,  809,  816-821; 


performance  of  a  marine-boiler  at  Nevcastle-OB- 
Tyne,  785, 807.  816-821 ;  performance  of  a  maxiiM- 
boiler  at  Keyham  Factory,  790:  perfonnanoe  of 
American  cmus  in  a  stationary  boiler,  791;  and  in 
a  marine-boiler,  795,  8x0:  stationary  t>nlen  in 
France,  796,  812. 

Locomotive  boilers,  798,  805,  8x3,  8x7-821; 
portable  steam-engine  boilers,  801,  8x4,  8x7-821. 

Relations  of  grate-area  and  heating-surface  to 
evaporative  performance,  802;  genexal  formulai 
for  practical  use,  816. 

Evaporative  power  of  coal — English,  414. 

Expansion  by  heat,  335;  linear  expansion  of  solids, 
with  table,  335:  expansion  of  liquids,  338:  expan- 
sion of  water,  with  table,  338-341;  Rankine's  for- 
mula for  expansion  of  water,  340:  table  of  the  ex- 
pansion of  liquids,  342;  expansion  of  gases,  34a: 
expansion  of  air,  343-345;  table  of  the  expanaoa 
of  air  and  other  gases,  343. 

Expansion  of  air,  work  of,  at  constant  tempenture, 

899:  adiabatically,  904. 
Explosive  force,  resistance  of  steel  and  iron  tO)  fin 
Extension  of  iron  under  stress.     See  Elongatim. 
Extension  of  timber  under  stress,  545,  546. 
Extension  of  steel  under  stress.     See  ElomgaH»K. 


Factors  of  safety  for  cast  iron,  wrought  iron,  sled, 
625;  iron  chams,  678,  679;  timber,  foondattoiH, 
mason- work,  625;  ropes,  626,  674;  dead  load,  litre 
load,  626:  screwed  bolts  and  nuts,  68x;  cast-imi 
water-pipes,  936. 

Fans  or  ventilators,  924.     See  Air-machinery ^  page 

971. 

Fires,  open,  heating  by,  488. 

Fire-wood: — French  wood-measure,  149,  154,  443; 
American  measure,  186,  443;  moisture  in  fire- 
wood, 439,  441  :  composition,  441,  442. 

Flax-mills,  machinery  of,  resistance  of,  957;  horsfr 
power  required,  959. 

Floatation,  axis  of,  277;  plane  of,  277. 

Flow  of  air  and  other  gases,  891 ;  discharge  of  gases 
through  orifices,  891;  anemometer,  892;  outflow 
of  steam  through  an  orifice,  893. 

Flow  of  air  through  pipes  and  other  conduits, 
894:  flow  of  compressed  air  through  pipes,  896. 

Ascension  of  air  by  diflference  of  temperature, 
897. 

Flow  of  water,  929;  flow  through  orifices,  929:  co- 
efllicients  of  discharge,  930;  Mr.  Bateman's  experi- 
ments, 930. 

Flow  through  a  submerged  nozzle,  Mr.  Brown- 
lee's  experiments,  931. 

Flow  over  waste- boards,  weirs,  &c,  932. 
Flow  in  channels,  pif>es,  and  rivers,  932;  limits 
of  velocity  at  the  bottom  of  a  channel,  934. 
Cast-iron  water-pipes,  934. 
Cast-iron  gas-pipes,  936. 
Flue-tubes,  large,  resistance  of,  to  collapsing  pres- 
sure, 696. 
Fluid  bodies,  276. 
Fluid-compressed  steel,  614. 
Fluids,  pressure  of,  276. 
Fontaine's  turbine,  942. 

Foot  and  its  multiples,  129;  equivalent  value  io 
French  measures,  151,  153,  154,  X56. 

Foot,  square: — decimal  parts,  in  square  inches,  X38. 

Forces  in  equilibrium,  271.  See  Mechanical  Prin- 
ciples, page  976. 

Form  of  specimen,  influence  of,  on  the  tensile 
strength  of  iron,  574,  584. 

Foumcyron  turbine,  940. 

Framed  work,  strength  of,  697.     Sec  Strength  (j 

EUmmtary  Constructions,  page  979. 
French  coals,  420.    See  Coal,  pa^e  972. 
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-    HEAT    — 


—    MECHANICAL   — 


cooling  of  hot  wort  on  metal  plates  in  air,  470; 

cooling  of  hot  wort  by  cold  water  in  metallic 

refrigerators,  471:  condensation  of  steam  in  pipes 

exposed  to  air,  472;  condensation  of  vapours  in 

pipes  or  tubes  by  water,  475. 
Heat,  applications  of,  459.     See  Applications  of 

Heatt  page  971. 
Heating  of  solids,  497:— cupola  furnace,  497:  plaster 

ovens,  497;   metallurgiod  furnaces,  497;    blast 

furnace,  498. 
Heating  of  water  by  steam  in  direct  contact,  49a 
Heating  power.     See  CombustioM^  Heat  qf^  page 

973- 
Heating  power  of  fuels,  769. 

Hectare,  149;  equivalent  value  in  English  measures, 

'S3- 
Heights  and  distances,  mensuration  of,  3a 

Hemp  ropes  for  gearing,  753. 

Horses,  labour  of,  720;  work  of,  in  carrying  loads, 
731. 

Horses,  performances  of,  on  roads  in  France,  964. 

Horse-power,  718:  absorbed  by  friction,  726. 

Horse-power  of  round  shafting.  760,  76a;  absorbed 
by  friction,  763. 

Holtzapfiel's  Birmingham  wire-gauge,  131 ;  his  Bir- 
mingham metal-gauge,  or  plate-gauge,  131 ;  his 
Lancashire  gauge,  1 32  ;  values  in  parts  of  an  inch 
of  his  wire-gauge,  134. 

Horse-power  of  toothed  wheels,  737. 

Horse-power  transmitted  through  leather  belts,  743- 

747- 
Horse-power  required  for  a  flax-spinning  mill,  959 ; 

for  a  woollen  mill,  960. 
Hot-air  engines.  ^17;   I^ubeicau's,   Rider's,  917; 

Belou's,  918;  \V  en  ham's,  919. 
Hugon's  gas-engine,  921. 
Hydraulic  machines,  Armstrong's,  95a 
Hydraulic  press,  950;  strength  of,  687. 
Hydraulic  rams,  948. 
Hverometers.  393  :  Daniell's,  393  ;  Regnault's,  393; 

Mason's  wet  and  dry  thermometers,  394. 
Hygrometry,  392 ;  dew-point,  392. 
Hygroscopic  water  in  British  coals,  416. 
H  >'perbola,  problems  on,  18 ;  mensuration  of,  25. 


Ice,  its  volume,  weight,  melting  point,  specific  heat, 
127  ;  specific  heat  of,  127,  353  :  specific  gravity  of, 
127 ;  melting  point  of,  364  :  latent  heat  of  fusion 
of,  367:  frigonfic  mixtures  with,  375. 

Ice-making  machine,  Siebe's,  373. 

Inches,  their  multiples,  129:  their  decimal  values 
in  parts  of  a  foot,  135 ;  fractional  parts  and  deci- 
mal equivalents,  135  :  equivalent  value  in  French 
measures,  151,  153,  154,  156. 

Inclined  plane,  action  of  gravity  upon,  285 ;  prin- 
ciple of,  306 :  identity  of  it  with  the  lever,  308 : 
work  done  with  it,  314. 

India-rubber  belts,  strength  of,  680,  750. 

Indian  coals,  423.     See  Coal,  page  972. 

Inertia,  moment  of,  288. 

Iron,  weight  and  specific  gravity: — of  wrought  iron, 
ao2.  217,  218;  ot  cast  iron,  203,  217,  2x8. 

Iron  and  other  metals,  tables  of  weight  of,  217. 
See  Weight  of  Iron  and  Other  Metals,  page  983. 

Iron,  wrought,  weight  of:  data  for  the  weighty  217, 
218  ;  rules  for  the  weight.  223 ;  tabulated  weights, 
219-221  ;  weight  of  French  galvanized  Mrire,  225  ; 
special  tables  uf  weight  of  wrought-iron  bars, 
plAtes,  sheets,  hoops,  wire,  and  tubes,  226-250 ; 
multipliers  for  wrought-iron  balls,  258.  See 
Weight  of  Iron  and  Othrr  Metals,  page  983. 

Iron,  hammered :  multipliers  for  Weight  of  bars, 
pbtes,  &c..  220. 

Iron  wire  ropes,  «.trength  and  weight  of,  674-677. 


Jonval  turbine,  94a. 
Joule's  equiv-alent.  332. 
Journals  of  shafts,  766 ;  of  railway  azle^  767. 
Journals,  friction  of,  in  their  bearings,  7x2 ;  coeffi- 
cients, 724 :  work  of,  725 :  horse-power,  7261 

K 

Kilogramme,  standard,  146, 150;  eqtuvakatvaheiB 
English  measures,  155,  157. 

Kilometre,  147 ;  equivalent  value  in  Eng^  aea- 
sures,  150,  156. 

L 

Labour,  718.    See  Work^  jnge  984. 

Lama,  work  of,  in  carrying  loads,  721. 

Lancashire  wire-gauge,  132. 

Land  measure,  English,  lineal,  130 ;  snpcifaiai,  137: 
French,  superficial,  149. 

Latent  heat  of  fusion  of  solid  bodies,  367;  of  eva- 
poration of  Uquids,  370,  373 ;  of  steun,  3la 

Lattice-girder,  parallel,  strength  of,  708. 

Lead,  weight  of;  tabulated  weights,  219-421 ;  ndti- 
plier  for  the  weight  of  lead  bars,  plates,  &c.,  »o; 
special  table  of  the  weight  of  lead  pipes,  169, 
See  Weigh/  of  Iron  attd  Other  Metals,  page  983. 

Lead,  tensile  strength  of,  627. 

Leather-beltine,  tensile  strength  of,  679.  See  Tia- 
site  Strengtn,  page  980. 

Lenoir^s  gas-engme,  9aa 

Lever,  296 ;  work  done  with  it,  313. 

Ljgnite : — composition,  422,  436,  438 :  heat  of  cm- 
bustion,  423,  437,  438 :  hygrometric  moisture,  436; 
weight  and  specific  gravity,  207,  436,  437. 

Lineal  measure,  English.  1 29 ;  French,  147. 

Liquefaction  and  &olidification  of  gases,  37a. 

Liquid  fuels  456 :  petroleum.  456 :  petroleum-oik, 
456 ;  schist -oil,  457  ;  pine-wood  oil,  457. 

Liquid  measure,  English,  138:  French,  149. 

Liquids,  expansion  of,  338 :  of  water,  338-341;  table, 

342 ;  specific  heat  of,  363  :  boiling  points  a(,  jffi ; 

latent  heat  and  total  heat  of  evaporation  of,  370.373. 

.    Liquids,  weight  and  {specific  gravity,  215. 

j    Litre,  defined,  147.  149 ;  equivalent  value  in  Eogfi^ 

I        measures,  154,  157. 

Logarithms  of  numbers.  32  :  table,  38. 
'    Logarithms,  h>'perbolic.  of  numbers,  35 ;  tabk^  6a 

Lubrication,  957. 

Luminosity  at  high  temperatures,  328. 

M 

Machines  for  raising  water,  944.    See  Water,  p3g< 

982. 
Malleable  cast  iron,  strength  of,  561. 
Mass,  287. 
Materials,  strength  o£,  50a  See  Strength  of  Medrt 

ials,  page  979. 
Mathematical  tables,  32. 
Measurement,  compound  units  of,  equivalents  0 

French  and  Enghsh,  157:  weight,  pressure,  aiv 

measure.   157;   volume,   area,   and    Icngtli,  isS 

work,  158 :  heat,  speed,  money,  159. 
Measurement,  principal  units  of,  129. 
Measures,  English  and  French,  approximate  equi 

\'a]ents  of,  156. 
Mechanical  centres,  287.     See  Mechanical  Pri* 

cipUs,  page  977. 
Mechanical  elements,  296     See  MechaniaU  Pm 

ciples,  page  9^. 
Mechanical  equivalent  of  heat,  332. 
Mechanical  thcor)*  of  heat,  332:  Joule's  equirakD! 

332;  ilhistrations.  333. 
Mechanical  principle*:,  fundamental.  271. 

Forces  in  equilibrium: — solid  bodies  paraBe 

ogram  of  forces,  pt^lygon  of  forces.  mofRent*  < 

forces,  271 ;  the  catenary,  273;  centriliigal  foroa 
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in  coal.  4Z^:  ic  taake,  434.;  in  araod.  ^3^, 
aruod-charoual,  451. 

of  iuiLSb,  271. 

TOC-'. — 

Gscax  fintair  and  Irelandb    ^JifaK 
cciipufcixinp  of  coins,  tqc 

Fzanoe: — ^afaic.  weight,  and  cooqaitian  of 
and  equiraiem  "vahie  in  F.T^giifh 


eBtaiinBnBd  -is  'Ibtsl  old 
ciMirm ^ ,  391. 

192. 
HoiDand,   "Brigmm,  TWgnmaA,  Sweden,  Kov- 

^,  _»9B. 

I  laii II  iliiiiil.  193- 

Syam,  Pormcal,  ItaH*,  Xuilie3,  Greeoc  4md 

■Ban  1gl»wrifc     WaHa     i^ 

_^3Fpc,  lloincai,  Tudk,  Amlaa,  Cape  of  Good 


T^nahoia,  nrabieaK-  011.77:  aBBOimiflK  oll^ 

J^iialtei  farcpi.  s^. 

3^*aTaligiu^i'«m.  of  CncOk.  9ti 

yaTaligiii|jt|gd  of  fiHi'.ffc.  tstL. 

Peat.  Tohxntt.  weight,  aac  ^Kctkc  irmvitv  «f.  4R|>. 

Poat-  455: — 1&  oxigib.  455.  cmKfUBOaau,  45^  ^j^ 
moaqm^  453  air<4inec  peat.  4^;  fweiteas  w 
rimiltannn.  4>i   hoc  of  ganboqam.  .^^ 

J^eat-chaxmaL  .455.  laac  n  ooBkuan^  .^jg;. 

PrariiiiiiBi,  aoi. 

Ptercnasuxt,  cmiig'  ot.  ^04. 

Percussivr  foro^  wmi;  doar  hy.  3T6. 

Phmqihor-faranat.  TrTwiic  streqgxh  oi,  6a(,  tHi^ 

J^iirs.  imiliri,  ^tcengxh xtt,  04^ 

PifK^  %cm  of  air  riiromyh.  £04.  S^b 

Pipe&.  fiovr  of  water  m,  q^. 

Pqgj.  hwniiii:  of  water  Hr  **'rwni  VL,-^t'X'. 

475:  hrarnit:  of  ixom^  by  hm  water  ib.4Si 
gas.  caA-inm,  thiakmiw-  of.  ig^it. 


tiinigih  a£,  9^4. 
Pipes,  we^rhx  at  Jijx,  aS5-<S&,  »6a.  a^.  iggib 
Supine,  soswed  atat, 

jrVaSl  Va  llllHMf  C 

Pivots,  feictioD  of.  in  ^hexr  kcan^g^  laoik  vC,  7S<». 

han^powcT,  yaC, 
Plaster  or?tai&.  tenakr  sxro^ii:  of.  <a^  ^^ir^. 
Pfaniiiiuu  wiie,  Tule  iiar  weight  oi,  904. 
Pjatmiim  wire,  titnlr  *jiw^iI»  nf  ^aS. 
PoBoeiet  s  imciffrriiai  wam-arfaeet,  ^g^. 


Pooad  ; weight;,  X4o.xfz: 


X40;  equivalent  in 

Power  tnoisnutced  by  

tuzii.  horBe>^pawer.  760,  Ttv 
Power.     Sec  K'^mt.  064 
hydxankc  949. 
of  ftuds.  haad  4if 


Aaftitjg.  7^:  wml: 


"^m 
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INDEX. 


—    PRESSURE    — 


—    STEAM    — 


Pressure  of  vapours  at  3x2*  F.,  370. 

Pressure  of  water,  measures  of  pressure,  136. 

Products  of  combustion,  40a  See  Gatnm*  Pro- 
ducts, page  975. 

Pulley,  303;  work  done  with  it,  313. 

Pulleys,  belt,  742.    See  Belt-^Ueys,  page  971. 

Pumps,  reciprocating.  944:  centrifugal,  946;  end- 
le^-chain,  947:  steam-vacuum,  969. 

Pumping  engines,  water-works,  947. 

Punched  holes,  iron  plates  and  tars  with,  strength 
of.  584.  633. 

Punched  steel  plates,  tensile  strength  of,  610^  6zx, 
643. 

Punching  strength  of  wrought  iron,  587. 

Pyrometers,  326;  Wedeewood's,  337;  Daniell's,  337; 
air-pyrometer,  337;  Wilson's  pyrometer,  337;  Sie* 
mens  pyrometer,  967. 

R 

Rails,  railway,  transverse  strength  and  deflection  of, 

661.     See  Transverse  StreHgth,  page  981. 
Rails,  friction  on,  724. 
Railway  axles,  proportions  of,  767. 
Railway  rails,  transverse  strength  and  deflection  of, 

66x.     See  Transverse  Strength,  page  981. 
Railways,  resistance  on,  965. 
Rams,  hydraulic,  948. 
Reciprocals  of  numbers,  37;  table,  118. 
Reciprocating  pumps,  944. 
Regnault's  air-thermometer,  336. 
Resistance,  frictional,  763,  951.     See  Frictional 

Resistance ^  page  975. 
Resisunce  of  air  to  the  motion  of  flat  surfaces,  897. 
Resistance  of  materials.  See  Strengthqf  Materials, 

page  979- 
Resistance  on  railways,  965. 

Resistance  on  street  tramways,  966. 

Rivers,  flow  of  water  in,  933. 

Rivets  and  rivet  iron,  shearing  strength  of,  570, 588, 

640. 
Rivet-joints,  tensile  strength  of,  633. 
Rivet-joints,  proportions  of :— iron,  641;  steel,  642. 
Rivetted  plates,  frictional  resistance  of,  570. 
Rivetted  wrought-iron  joists,  transverse  strength  of, 

653- 
Roads,  resistance  to  traction  on,  961,  962. 

Roofs,  strength  of,  713. 

Root's  blower,  927. 

Rope-gearing,  753: — transmission  of  power  by  hemp- 
ropes,  753;  use  of  wire-ropes,  by  M.  Him,  754; 
cotton-ropes,  by  Mr.  Ramsbottom,  755. 

Ropes,  tensile  strength  and  weight  of,  673.  See 
I  ensile  Strength,  page  980. 

Ry lands  Brothers,  wire-gauge,  133,  247. 

s 

Safety,  factors  of,  625.    See  Factors  0/ Safety,  p.  974. 

Salts,  saturated  solutions  of,  boiling  points  of,  369. 

Screw,  311;  work  done  with  it,  3x5. 

Screw-threads  681. 

Sea-water:  its  volume,  weight  and  composition,  ia6. 

Sea-water,  composition  of,  126;  weight  of,  126; 
specific  gravity  of,  126;  boiling  point  of,  369,  370. 

Section  of  land,  189. 

Ser,  180. 

Shafting,  756;  transverse  deflection,  756;  overhung 
shafts,  757;  torsional  strength  and  deflection  of 
round  shafts,  758;  power  transmitted,  760;  net 
weight  of  shafting,  761:  table  of  the  strength  of 
round  wrought-iron  shafting,  with  multipliers  for 
cast-iron  and  steel,  762. 

Frictional  resistance  of  shafting,  763. 

Shearing  strength  of  cast  iron,  561. 

Shearing  strength  o{slce\,  59S,^S*.  dcAucxiotL.^ii. 

Shearing  strength  oC  uiabei,  ss^. 


gasei,  37s. 


Shearing  strength  of  wrought  iron,  587:>-Mr.  Edvb 
Clark,  570;  Swedish  iron,  581;  Mr.  Little's  ex- 
periments, 587;  duef-epgineer  Shodc's,  587;  con- 
clusion, 588. 

Shearinff  stress,  definitioa  of,  500;  stress  in  heuK 
and  pute-girders,  535. 

Shearing  stress,  torsional,  of  steel  fans,  6aa, 

Ships,  measure  for,  144. 

Siebe's  ice-making  machine,  373. 

Siemexu'  pyrometer,  967. 

Silver,  weight  of,  2x9-33  x  ;  rule  for  the  wei^  of 
silver  wire,  33^ 

Silver  wire,  tensue  strength  of,  6a8. 

Sines,  cosines,  &c.,  of  angles,  30^  36;  tables,  103, 

xxo. 
Small  coal,  409,  430;  utiliiarion  of,  4x0^  490;  wadi- 

ing  of,  4XX. 
Snow,  its  volume  and  weight,  197. 
Snow,  frigorific  mixtures  with,  375. 
Solder^  soft,  tensile  strength,  637. 
Solidification  and  liquefaction  of  { 
Solids,  mensuration  of,  ay. 
Solids,  weight  and  specific  gravity  of,  X99-3X4. 
Solids,  expaxision  of,  3^:  specific  heait  of,  359;  fiisi- 

bility  oi,  363;  latent  neat  of  fuson  oC  3i57. 
Solids,  heating  of,  497.     See  Heattng  0/  StUt, 

page  976. 

Specific  gravity,  198.  See  Weight  and  Sficific 
Gravity,  page  983. 

Specific  gravity  of  coals: — English.  4x4,  4x6^  ^7, 
434:  American,  4x8,  4x9;  Fren^,  4sx;  Indiu, 
434;  Australian,  434. 

Specific  gravity  of  timber,  539~S43>  54S-547- 

Specific  gravity  of  cast  iron,  554,  557. 

Specific  gravity  of  wrought  iron,  568,  578,  603. 

Specific  gravity  of  wrou^t  iron,  influence  of  viF^ 
drawing  on  specific  density,  347 ;  influence  of  ooU- 
roUing,  578;  influence  of  stretchbg,  578. 

Specific  gravity  of  steel,  603. 

Specific  heat,  353: — specific  heat  of  water,  ice, 
steam,  X27,  353;  of  water  at  various  temperaturts, 
354;  of  jur  and  other  gases,  X28,  «4:  ol  gases  for 
equal  volunies,  358 ;  table  of  specmc  heat  of  sohdj^ 
359;  of  liquids,  363;  of  gases,  363;  specific  heat  of 
gaseous  steam,  38^ 

Speeds  of  toothol  wneels,  737. 

Spontaneous  evaporation  in  open  air,  49X. 

Springs,  steel,  strength  of,  67X.     See   Tnuuveni 

Strength,  page  981. 
Spur  wheels.     See  Toothed  Wheels,  page  981. 
Stability  of  floating  bodies,  377. 
Staybolts,  screwed,  and  flat  surfaces,  strength  ci, 

685. 
Steam,  378. 

Physical  properties  of  steam,  378. 

Saturated  steam: — relation  of  the  temperature 
and  pressure,  378;  total  heat,  379:  latent  heat, 
380;  appropriation  of  its  constituent  heat  at  912*. 
380;  volume  and  density,  381;  relative  vokxine, 
383. 

Gaseous  steam,  383;  its  total  heat,  384:  spea6c 
heat,  38A. 

Specific  density  of  gaseous  steam,  384;  of  satu- 
rated steam,  384. 

Density  of  gaseous  steam,  385. 

Table  of  the  properties  o£  sattuated  steam,  firom 
32*  to  212",  385,  386. 

Table  of  the  properties  of  saturated  steam  for 
high  pressures,  385,  ^87. 

Taole  of  comparative  density  and  volume  oSsai 
and  saturated  steam,  ^x. 
Steam,  expansive  workmg  of,  principles  of,  8a»- 
877. 

Practice  of,  879: — actual  performance  of  steam 
in  the  steam-engine,  879;  data  of  the  practkal 
performance  of  steam  in  single-cvUnder  condem- 
vcvf^cxv^uvc^^SSo;  in  compound  condensing  engines, 


tHa  And  specific  gnvity  of,  soa,  ttj. 
^t  of:— data  for  the  vd^hl.  aij;  nilci 
veight.  nj;  tabulated  Tnghtt.  VT^-vii: 
er  for  weight  c4"  iteel   ban,  plats.  &c. 

cd,  251,359-961^  rouliiplicr  Tor  vcc]  bjtllt, 

nph  of,  ssj-   S«  SImgili  r/Slirl 

agt,  Mi^agih  of,  t^i.    Sec  Tnnutvnr 

,  leosilc  tlrcngih  of,  A17.  699. 

^■^ope>.  urengtb  ud  weight  oC  6/4,  ejj, 


juivaicikt  vahie  i 


Engli^  m 


■enphof:— leniile  jirength.e*):  c 

'.  631. 

1  hoi  air,  heating  by,  4S8, 


^^^Wm^  >tK4(^  «<  «1D4  WV4h  ^ 


iTTMiKa'.i^v"** 


Mr.  Umloc'i  tlaU.  ^.tmillil^  ^v 
kc<a|uuUli>t«  <t|' dam  •»  Itn  dinit  uno^li  •4 

Sucnph  ot  nneui: '  l\<nUi>>l.  A>>,  ^J<,  KdHHik 

Soinfib  erf  drmmlary  wi.iriiiii.«i>,  Pn,  iiw«- 
kantj,  *u ;  pilUiK  m  tMhiuini.  tu.i ;  -Ml  IMk 
flaDAnl  ((«nv  har  ■  Vlwuhl  iiiin  lluunl  l-Min 
or  juiiiH,  buckled  ii%<H  vl^lcv  NO'.  itiTaty  imK 

leiuhcr  liilunE,  fft.  t>tili%  niul  hiu*.  t* ua 

pil<int.  Uj:  wnwl  unylMllii  and  diiiiid  Mi- 

*H(jlov  cylJMtcrt:    tiihn,  fifn,  tullMi.  kt., 
ABt.     Kruncd  work :    1:1111m.  liltlM  a,  KuRs  lkv> 


intenttlurbunllii(|n>Hin'.NIii  hyihaulk  ■■■•■■i 
ea^:  itibunlinf  «iniKlh,«khriiriuHliw.(4kk«Mii 

iron  lubei,  69),  *<«;,«  I^.«.hl».  )>.<ll>l,  ng|.  ■ 

R«i.u>i«  to  ru1U|i.lii|  |.ir%>u»>.  R«;-  >"ll.l 
dnwD  lubel,  with  f..m»ll.».  I.H.  I>"ll>  n»'  <u1«>i 

696. 

StreiiKlhofMeel.joii    Sir.  Will.  K»liiinini'..ilNirt- 

teniile  iinnilh  <if  lianniHl  (iIiiih,  jui.  un-nNljt 
of  honuiM  U«gl.  sm:  Mmmib  uf  Kniiv  UhI. 

''LjHrlBHiiM  nf  III*  HmI  CammJliH  of  CltU 
Engiiiean,  jg6;  ImHie  urenflh  uf  t»i|*rad  UhI) 
uiKiioMnUM  Wwlwlcb  l>uckyuil,  fiwiMmialll 
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of  F>E«ita  Med,  6ot; 

tyn,  6t3i  Whiiworlh'b  nLnu-iH^uipiT^awu  »»■, 

perwure  oD  Ibc  uruclijrc  r,f -(,^rl,  'III 
Tensile  llrenglhorsi^fl  "ui-.  ■i;,  <.=;. 
Shurii;s  Btrengih  01  ««^  oij, 
Trantvene  Btienglh  and  dcflectioD  of  Itecl:*- 

Torsona]  urengtb  ind  dcHeclioD  of  >ucl  ban, 

SlTcn^  of  ttvxl  Riadvdy  10  the  proporliDn  of 


to«plo»irefor«, 
;  direct  stTCD^  of 

ml   condiocHH  of 

i^rr^nph,  saa. 

r.  BarJoiv'i  eiperi- 


r  itcd  ind  in 


FHiton  of  ulety,  635. 


I;  Mr^ku^s  data.  544 


ttJJMnnienu,  544; 

enpeiimcnts  on  tensile  stienalh  by  MM.  Cbevan- 
dier  and  Werlheim.  546;  and  by  Mr.  Laslelt,  5)6: 

>^^y?  sX   M^  Barlow'i  ci^rimentt  oii 

Kulet  for  the  strengifa  and  deflection  of  timber, 
548;aiia]yauof  Mr,  LarJelt's  enKrimental  results, 
54S;  and  of  Mr.  Fincham'i  resulbi,  549;  calculaied 
Mnnle  itrength  of  timber  of  large  ecantlinz,  549; 
formulas  for  the  Eransvene  strength  of  tiiDber  of 
b^  scantling,  550,  5^1 :  formulas  for  the  trans- 

tan^lar  section,  550:  shearing  strcnglh  of  limlKr, 
Strength  of  toothed  wheels,  73J. 
Strength  of  wroiiBht  iron.  s6j:  Mr.  Telford's  eiperi- 

SirWil°Sni°Fairbaim's,  j^'  Mr.  Thoma^Lloy^'s^ 
S6g;  Mr.  Edwin  Clark's,  570:  Mr.  KitkaMy's 

Engineers,  579:  hammered  iron  bars  (Swedish), 
sSi ;  Mr.  J.  Tangye's  experiments  on  compressive 
resistant:  Krupp  and  Voritsbite  iron  plates,  5S1: 
Ptus.flin  iron  plates,  586;  Sir  Joseph  Whitworth's 


tarkiw's  data,  iW:  Mr.  Edwin  Clark's  < 


Factors  of  safety,  tirj,  679. 
Streiwth  of  round  wraught-iron 


density  of  wratight- 


Suut.giriter.  parallel,  strength  of.  708. 
Sulphur,  proo        -  ■        - 

Surfaces,  men 


-    TENSII-E    - 

c  combustion  of  coal,  770, 7;!.  7)1 


Teeth  of  wheels.    See /-»!*«<  W^AiWk.  page  ^ 
coke,  409,  ijfi;  wood,  444. 


Temperatui 

res.  high,  lu 

or  harden 

T^i,% 

603,611. 

i,  617.  618;  has  tl: 

Tensile  strength  of  tmue.  617.  63S. 

Tensile  and  compresuvestrengtbofcast  ire 

Hodgkinsoo'i  eaperiDcnu,  m;  Dr.  Ab 

5SS'  affected  by  tnass  of  metal,  ss<i:  bv  c 

'  ■      blast,  5ss:  by  le-    '■'-  - 

[>h.  ssfL 


of  chains^ 
enph  of  alli 


netal,  £27;  ph»- 


le  strength  of  gold  wi 
le  strength  of  gun-mc 
le  strength  of  ' 


..  ■iP''!''  .' 


leather  belt 
Tensile  strength  of  lead. 
Tensile  stitngth  of  Munti's  1 

Tensile  strength  of  phosphor- 
Tensile  strength  of  platinum 


679;  Mcssts.NonB& 
ibber  belts,  6S0,  7S0. 


joutti  by  Sir  Wm.  Fairbain, 
633:  by  Mr,  Benram,  634;  by  Mr.  J.  G.  Wii^ 

■■ ■  --■—  ■-:  by  Mr.  L.  E.  Fletcher, 

■  ■  r  &  Co.,  6j8^  by  Hi 


MfbfMt^B^^o'hnfek 
Bninel,6jB;  shearing  sir. 


Tende  strength  of  ropes: 
67s;  influence  of  twist  ant 
strength,  674;  American  h 
wire  rope.  674,  67s;  America 


-perforated  steel  platck 

and  of  moisture  on  t&c 

ire  rope,  674, 
solid  fcodi^ 


h^Sers,  6S; 


insile  strength  of  silt 
disiie  strength  of  sof 
msile  strength  of  si. 


doKR*^  <-;.  rv?ur^n:Vj:.bycjt4-JuidvLii»jC. 
376;  bv  ocli-nilirc.  f-^:  Kinun«mt  nit,  ^'^^.  . 
HRnftHad  j]fj<.-EAiT^  jddbioiut  EunBKhu^  ifH.*, 


btammn  Mr.VicluUy .  J77- 
Tcntik  iu«mih  of  iiua  |>Uim  .Mr,  Kii 

ucctcd  by  nlll^IvlEIlj  ami  by  kjIvmuihk.  sja- 
Spccific  enviiv  uf  ihe  irMi>  iniml  Iw  Ui 
KlrLaldy.  r-o 


ficeniviiy  of  irun  tctlcd,  <»i^  StmliJi  hjiuHH-ii-il 
ban,  ;Bi:  Kni|ip  ind  VurhiJlin  |ilim,  riiliir, 
drilkd,  and  pmicned,  ^j;  I'lihWAii  iJutcs  {JSii 
Iroa  win,  (86,  tiiS,  639,  £;«, 
TeiKile  Mtrengihanddan^iiHinfwnMialH  iniii,iii- 
flucncs  of  nrioiu  UEaineH  <*,  Mr.  KiiL-ililr'i 
uperimenu,  ^.1: — irKn  htn,  iiilliiiK'luwu.liiiiiiiiii 
down,  forcing,  reheuLnn,  intcnw  t  ■■M.  'ij  i.  Hrit'  I1 
iai,  Mrewinj;,  ;;4;  wcfdiiut.  Ul'lilrii  itnT-n,  -.j-t. 
fiwt.  hardcaiag,  caie-hankiiiaiCi  J7'';  1  '■t'l  i-Jl 
llvnnieRd  inn:— idiUtiuiial  liJinm-rtinn,  i- 


'"'ti.i.....i.^.lhil....ii.,.. . 


■    TRANSVERSE 


INDEX. 

r.  Plica  WU-    i  J 


^'t:^^r^"' 


r«ughl.i; 


iglh,'66i;  Mi.  J.  T.  Smilh'i  diU,  Mj. 
unsvnunetncal  Kcttoo,  66s'.  gcperal 
lii.*Kiik>Jd^uu  or  Mi! 


of  nili.  66S:  doubJc-hcadi 
„Sribcd    hy    M.    Mprili,J3 


ua,  Hj^  Mr.  MKlu«'^  w.' ny.  Mr.  Edwin 
CUiVL  S41,  J44;  Mr.  G.  Gnjum  Sniilh't,  S43, 
544:  Mr.  'Bakcf't,  544;  MM-  Ouvaiulier  And 
WenJinm't.  J4s:  Mr.  Billow's,  547. 


iron  ban  (Swedish)  581. 

>  daCl.  s8§:  Mr.  Edwin  CialVi  1 
3,  589;  railway  rails,  66t,  665, 


TUbo,  . 
Tnb«. 


lighl  of,  248,  ajo,  tW. 


(o:  Foumtyion's, 
th  Mdoi  Foun^' 


strength  of,  697,  60S'  luTTC 
Bo>d< 


Sift 


Undenhol  wa 
UniuoFii^i, 


Vapours.    See  Caiet 


—    WEIGHTS    — 

e  and  mow,  their  volimie  ud  wofh,  iij. 
rcDcb  uid  English  mcasurs  of  wato,  ifj, 
,  eipaniioD  of,  wiih  uble,  ii^^v.  qoik 

,  hygnwcopic,  id  coalt,  416. 


Wedge,  309:  woii  done  w 
Wedgewood'i  pyromelei,  317. 
Weight  and  ipedfic  giavity,  j^S, 

Standard  tempeniurei,  niln  foiqiedlk  fnritr. 


Vegetable  lubs 


170^  bmling.ptn 


having  a  Teu  density  than  tlw 


of   nUon   of  eoppo-,   i3tiri 
denaily  than  the  Deu,  llkql 


Weight  and  specific  gravity  of  aolid  bedia;- 
metali,  aai,  sjZ,  Aj6,  617 ;  prraoDs  sCam,  S3; 
stones,  304;  sundry  mineial  substance^  w, 
coals,  kp6;  [leat,  »t;  fuel  in  FnuKe,  «7:  tooa. 


animal    subatajices,  v^etable  v 


j    Wefgh'lMd, 
I       Baioda,!! 


"^aler  as"  si 


IDOIDB    by  hol-watci,   4S1  :    h< 

Warren-gitdei,  strength  of,  699. 
Warrington  wiregaugc,  133. 
Washing  smaJl  cool,  411. 

Watei.  as  a  slAndaid  for  weight  an 
iMlable    lemperaiures,    wcig 


{HDltaiSrs),^inninghain  metal -gauge  orplile- 
puge  (HoltzapRel's)foi  sheet  metak  brass,  Eold. 


rdfoi' 


gauge' (Rylands  S^^n)^  1 
gauge  for  iron  sheets  chiefly, 
Whiiwotth  -  •■    ■  •     ■ 


'^Inche: 
of  a  foo 
decimal 


if  an  uieh  and  HelltapnETs  w 

I  decimaJ  rallies  i 

136 ;  superlicial  m 


^ciy^jB ;  "iqu" 


otWuTvigto 
Wire,  laai\r  Jlrength  of:— Lrnn,  147,  }S6,  6aB,  619, 
676:  'Ueel,  617,  699^  copper,  6^,  Csg;  bnu,  697, 
6^;  phosphor-bracuCf  iig;  goldt  63B;  tilver,  6a8; 
plaLbuin»  6aB;  palladium,  6sB. 
Wire-Biugei,    Engluh,    130:    Fnoth,   nS.     S« 

tytv'itl  aW  ^AUHnrj,  page  1^1. 
WtrcTDpea,  imk,  itmiglh  and  weight  of,  674-677. 
V^re-ropes,  ttcel,  urengtb  nnd  veight  o^  674^  675, 
oT  power,  br  M.  Him. 
,  00  ibe  density  of  iroo 
and  mdfic  gravity  <f,  308;  ladba 

lure',  iii:  campoiitiDn.  44a,  4J1:  WEight  and  bulk, 

ffbeous  pruductl  of  combusdon,  443 ;  heat  of  com- 
Dusiion,  444;  lempentturc  of  comuiilioD,  444 :  dit- 
tillation  of,  449. 

Wood  mniure.  Freucb,  (49- 

Wood,  ilrengih  of.    See  SImglk  ^  Timbtr.  page 

Wood-charcoal,  weight  aod  specific  gravity  of,  911. 
Wood^hajcoa]:— wodd  for  making  it,  443;  proce^ 
of  carbonifatioii,  444.  44S:  yield  of  ehanioal,  '■<- 

4t«:  weight  and  buDi  of  c) 
Work,  defii^'o^f.'" 


charbon  de  Part 


heat  of  combust  ion, 
ulaled  work  io  «o1id 


-    ZINC    - 

Wotkofnabt. 

DBoffluueriaLsoi. 

Work  of  diy  air  Iiii  ilii.  iiiiwil  «  u 

p«lded,^:-BenenJ  G^i^^m^% 

s»;;,s,ssT„rsr 

900. 

Wmk  of  dry  air  in  a  oon-conda 

^^I^- 

WrouKht  iron,  ilrength  of,  567-    See  Slmpi  ^ 

Wnmgil  Inm,  page  980. 
Wrought-iion  columns,  suengib  of,  644, 64s. 
Wrought-iron  flanged  beams,  transveiv  tUBiph 

5(^d  WTOught-iron  j^ts: — taUcs  ofdinicnM^ 

Mr  Kirkaldy,  b^i  rufes  and  formulis  t^\ 
elastic   strength  and  deSecticn.  fonnuhs  ud 
rules,  6j7. 
Riwtted  wrooghl-iron  joislt.  657:  Mi.  Dnirf 

Wrought  iron,  reustance  of,  ID  ezplodire  Icrs,^ 


Yard,  impeiial  suuidard,  iiS. 

z 

Zinc,  wrighl  of ;— tabuUlcil  wnghls,  ji^-ui ;  biiIb- 
plicr  fur  the  wrighl  of  zinc  bar^,  plalv\  &.i-,  no: 
special  table  of  the  size  and  weiiitit  of  ihta 
zinc,  37c.  See  Wcishlo/IronamJr^AtthUtiil. 
pose  983. 

Zinc,  tensile  strength  of,  637, 


